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INTRODUCTION

Several observations have been published tending to establish a relationship
between Mycoplasma hominis and certain bacteria which have been described as
species of the genus corynebacterium (Minck, 1953: Wittier, Cary & Lindberg, 1956;

mith, Peoples & Morton, 1957; Pease & Laughton, 1962; Pease, 1962) of of the
QBNUS Haemophilus (Amies &Jones, 1957& Whereas in most of these cases the myco

lasma (PPLO& concerned have been dentified as M. hominis ty Pe 10r t){
Campog the 1dentit ofthe related bacteria has heen problematical. One of these,
escriped by Pease & Laughton (1962), was identical With corynebacterium cervicis
(Laughton, 1951, 1954), Amies Jones (1957) Identified thenorganlsm 8S Haemo-
ohilus vaginalis, DUt Lapae 1961) and Zmnemann&Turner &1963 considered that
it was identical with H. influenzae, and this was suRPorted by the serologn:al studies
of Redmond & Kotcher (1963). Pease & LauP N (1962) noted résemblances
between the descr|pt|ons ofn vaginalis (Leopold, 1953, 1956; Gardner & Dukes,
1955; muns 1960, 1962, apage 1961) an%c ceryicis

In'the present stu %/we have examined, by the gel diffusion technique, the anti-
9en|c re atlonsh|ps 0 Corynebacterlum cervicis, Haemophilus vaginalis (Amies &
onesz 11, vaginalis S mundsrz and 11. vagjnalis gGardner&Dukeé with the object
of obtaining information upon the bacterial types claimed to be Telated to myco-
plasma hominis.
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METHODS

Or%anlsms. Seven strains of Corynebacterium cervicis ?Lau hton: 124, 9t, a9t,
16t, 18t, 25¢t, 26t) had been isolated in this laboratory from’human genital tracts;
one strain of Haemophilus vaginalis (Gardner & Dukes: dz) and two 0f i1, vagmahs
(Amies &Jones: h689, Dingham) were provided by Dr K Innemann; seven Strains
of 11 vaginalis (Edmunds: gpl to gp7 inclusive) were provided b_)( Dr P.N.
Edmunds: For comparison, ﬁve_straln_s of H. influenzae Fonglnally Pitman types
a ¢.def: caRsuIes were not investigated), and one of 11" pardinfluenzae Wwere
obtamfd from the National Collection of T)me Culture%. e

Serology. Anti ensweregre?ar_ed In the sdme manner for rabbit immunization and
for_%el-dl usjon tests. The bacteria were grown for 48 hr at 37° in Fildes digest hroth
or in the medium described by_Laughton (1963); they were harvested by centrifuga-
tion and washed three times with physiological saliné containin O-S%K/v/vg henol,
made up to a concentration corresponding to 3 times that of no. 9 Brown’s opacity
tube é urroughs Wellcome), centrifuged, subjected to ultrasonic disintegration for
Peno s up to"20 min. accofding to the degreé of resistance shown, and restored, in
he same Splution, to the volurie at which opacity was measyred, Rabbits were im-
munized, first b|¥ two subcutaneous mljectlons atan Interva of 14 dag/s Seach_l_ml.
antigen+ 1 ml. Freund’s adjuvant) followed by a graded series of intrdvenqus injec-
tion$ of the antigen alone (052 mI.? Increasing oy 0-5 ml. op ten occasions over
3 weeks. After afurther 10-14 days the animalS wére bled and re-immunized when
necessary,

The g>ell-d|ﬁu3|on agar had the_following composition: sodium barbitol, 7-091.;
sodiumchloride,_6-0 g.; x-HCI, 2-7 ml.; Davis agar, 120¢.; distilled water to 1'L;
adjusted to pH 7-4, _ _ _

el-diffusion tests were made at 20° in a moist atmosphere and readings were
taken at Intervals up to 1C days. , _

The following controls were used. Because the media used for ?row_th contained
horse serum, an excess of :t (25%) was included in the aqar gel o eliminate false
reactions from this source. Control antigens, comprising the complete media and
also, separate!%', laked horse red cells and™Fildles digest broth, were included in each
set of tests, at the usual concentrations and in 12, 1/4, 1/8, 1/16, 1/32 dilutions,
Whole bacteria were also tested as control antigens to eliminate the p03_5|b|l|t¥ of
false positive reactions ansln? from soluble mattér included in the susPenswns. re-
Immunization sera were included in the tests, prov;dmg a contrq agams_t non-
specific antibodies and Bthese bemg negative) also against false positive reactions to

constifuents ofthe gel, Dy either antigens or Sera. Agar was not used in the prepara-
fon o e antlgensg. Y J J prep

RESULTS

Sera were gre ared against Haemophilus vaginalis (Edmunds) strains gpl. gp?,
gp3, gpb, ap’; I.va%mahs (Gardner' & Dukes) g-d; 1. vaginalis (AmleséiJones)
h689 and Bmgh_am; orynebacterium cervicis straing 12ea, 9t, 26t. These 11 sera
were tested against all 21 strains of bacteria listed in the previous section. The
results are shown in Table 1. The vertical lines rePresent the number of distinguish-
able lings in each positive precipitin reaction. It appears that on this basis the
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organisms formed three rouEsz one containing the Haemophilus vaginalis straing
Edmunds and Gardner & Dukes; the second, the Haemophilus speciés of Amies &

Jones and the nctc strains; the third, Corynebacterium cervicis. A degree of cross-
relationship existed between some members of different groups.

Table 1. Gel-diffusion precipitin reactions

. Antisera
Anligens 12ea 9t 26t g-d Grl or2 gp3 gpG gp7 89 Dingliam
Species Strain
12ea
9t
Corynebacterium ngtt
CEIVICIS
18t
25t
Haemophilus i26t
vaginalis -
(Gardner &Dukes)] f&pj
gp2
o 3
||, vaginalis ~ 9° 00 0
EdmUnds gpé
( ) gpo 0 0 0
gpb
ap! H- _
II.vaginaIis h 689 n 1- —f--f
(Amies & Jones)  Dingham ﬁ M
: i S
c mi — _t_
II. influgnzae ~ d i 1 1“ m
e

i 14

ne?ativej —H—>vertical strokes repi‘esent number
of visible fines of precipitation; 0, not performed.

f .
H. parainfltienzal - THI-

To identify further the anUPens responsible for these positive reactions, each
serum was tested mm,ultaneous_x against all the strains with which it reacted, The
anUgens were placed in cups either-around the circymference of the cup contalnl_n%
the Serum, or parallel witha trough of serum._In this wag the |dent|tg/ or otherwis
of lines of precipitation could be determined. These analyses were repéated with dif-
ferent batches of antlgens, prepared on at least three ditferent occasions in each case.
This was done because the streanth of individyal lines varied from tg)re aration to
Rreparaﬂon of antigen, hoth refatively and absolutely, probably because of the

azards of preparation by ultrasonic fisintegration and possibly also because of
antigenic variation, Some of the antigenic Components represénted in the sera

1Q-2
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reacted more strongly with related than with homologous antigens. This pheno-
menon hecame more important when PPLO antigens Were examined (see Pease,

The results of these analyses are given in Table 2. The antigens. are numbered in
arabic .numerals, and their gos_mon In_the series has no ‘Significance. Factors
appeatrr:ng most strongly as antibodies in the homologous bacteria are shown In
parentheses.

Table 2. Antigenic structure of some Haemaphilus and Corynebacterium organisms

Antigens are numbered arbitrarily. Those shown in parentheses were regularly demonstrable in
sera but only in concentrated antigenic preparations.

Specific groups Antigens

Haemaphilus vaginalis

a Edeundsgstrains _ 1,2,3,456,78 9 10 (12), (17)

b) Gardner & Dukes strains ~ {1),2,'3,8,'9, (10)
I1. ipfluenzae _

a) Respiratory strains, 17,18, 32, 33, 34, 35, 36, 38

Ebg Amigs & Jones strains 11, 17, 18, 31, 32, 33, 34, 35, 30, 37, 38
Corynebacterium cervicis strains 11, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24

DISCUSSION

There are numerous s%ggestmns in the literature of a relationship between the
%enera Haemophilus and™Corynebacterium. _Deacon, Albritton, Edmundson &

lansky (1954) and McKay & Truscott F1959_ described Gra_m-loosnwe coryne-
bacteritm-like'variants of H. ducreyi and I1. gallinarum, respectively. The organism
described as 11, vaginalis by Gardnér & Dukes (1955) and by Edmunds (1960; 1962
was considered by Lapage (1961) to resemble a corynebactérium, and was rename
C. vagluale by Zinnemann & Turner (1962, 1963). " Pease & Bisset (1962) suggested
E)g%ttehuemgenus Haemophilus was a Gram-negative derivative of the genls Coryne-

The results of the present investigation confirm that the Haemophilus va%mahs of
Amies & Jones (1957) is serologically very close to H. influenzae, and that both
species have antigens in common with the coBynebactenum-h,ke I1. vaginalis of

ardner & Dukes; and with C. cervicis gLau hton), both of which vary between a
Gram-Rosmve and a Gram-negative phase. The relationship hetween these ?enera,
which have been esFeuaIIY closely associated with PPLQ, is of great interest in the
solution of the problem of the orlgm and relatjonships of PPLO, The anUHens defined
In the lPresent work also appear fo be of3|gn|f|c%nce tq the problem of the antigenic
structure of PPLO and thelr presumed parent bacteria (Pease, 1965).
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INTRODUCTION

Several attempts have been made. to classify Mycoplasma hominis and similar
PPLO b serologmal methods, including: complement fixation (Hugsmans -Evers &
Buys, 1959; CorleII Fabrizio & W|Ison 1959, Taylor-Robinson,
Somerson Turner&C hanock, 1963): agglutination gNorman Saslaw & Kuhn, 1950:
Nicol & Edward, 1953; Edward & Fitz erald Tourtelotte &Jacobs 992
rowth mhlbmonb antlbod 8N|col& dward, 95 Edward & |tz|gerald 195
uijsmans-Evers %/s and el precipitation (Villemot & Provost, 1059
Pease&Lau hton 1962; Pease, 1962 ay Ior obinson et aI 1963; Lemcke, 1964).
There s genera agreement that human m coglasmas all Into four main &/ dp
representeq ominis, types 1-4 (Huijsmans-Evers & Ruys, 1956; E &
Freundt, 19521 Complemerit-fixation and ge d|ﬁu3|? A)rECIpItInS have Rrow ded
evidence of relationship between these group espeua tween t gpes and 4: the
degree of relatjonship, the plage of types 2and 3 and of ot er PPL O especially those
of mmal origin, has remamed obscure. Specific names have also been applied to the
vanous l}/ es ba/ some auth onhei

rpose Of the present work was to determine the relat|onsh|£) between those
PPLO cIa|med to be L-forms of Corynebacterium and Haemophilus Species (Pease &
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Laughton 1962; Pease, 1962; Pease & Bisset, 1962), to determine the number and
distrib utron of the antrgens and to rnvestrgate the possrble antrgenrc reIatronshPJ
between PPLO and bacteria, The antrr%enrc structure of some Strains of bacteria
believed to be derived from, or associdted with, PPLO was described by Pease A
Laughton (1965).

METHODS

Mycoplasma strarns used. Fifteen strains (Gt 1to Gt 15 rnclusrv)1 ere rsolated
he
B.C

v

fro human genital tracts C}/temethoso Pease & Layghton Eleven
human oral strarns Or.1 to r. 1L inclusive) and onestrarn( from rsprratory
Passages of 3 rat were isolated direct] upon serum aga Colg In this
aboratory. Three strains of t el h2 ,0119,n50h), neo ty e2(Ca po), ane of
type 3., and one of type ( ) were provided by Dr D.'G. if. Edward (Well-
come Research Lahoratories).
Bacterial strains used. Seven strains of Corynebacterium tervicis, ten of Haemo-
phrlus Va rnalrs five of H. influenzae and one of H. parainfluenzae, Irsted by Pease &
Laugnto F( @were used. Two strains of Corynebacterium derived g
Colefrom PPLO Or. 4 and Or. 9 (Bact. Or. 4 and Bact. Or. 9), one Corynébacterium
d5) derived from mycoplasma (Campo) by Dr H. E. Morton, a strain ofC CRIVICIS
sm) described by Pease (1962), assaciated with a Streptobacillus moniliformis strain.
neestrarr% eggh of H. aegyptitis and H. aphrophilus from the National Collection of
ultu
gerology For the preparatron of antigens, lerqurd medium ( composrtron Lab
emco %0, WV Oxoid yeast extract 0-5%, wiv; Proteose 0be ptone 1-0%, wiv;
50, w/v: horse serum 10%, Viv, with argrnrne 0-2%, wiy, for the oral
strarns pH78) were inoculated with the centrifuge deposrt roma48hrcu lture in
the same medium. The culture was incubated for 5 q ags at 37° and teorganrsms
centrifuged down and washed 3 times in ph srologrcal aline containing 0-2% (v/v)
0f 40% {wiv) formaldehyde. The entire yield of organisms was again concentrated t0
2ml. in formol saline and subjected to ultrasonic disintegration for 5min. Stan-
?ar ization g (? acl wasreractrcabIe Thedrsmte?rated organisms were centri-
(ied and, thé deposit was made up to o ml, in formol saline.
mmunization and Eel -(iffusion grecrprtrn tests were done by the technr Ues
descrrbed by Pease & Caughton (1965) and similar controls were Used. |t was also
ossr le to grow the anti enrcallyrm ortant derived bacteria, Bact. Or. 4and Bact
9, on media without Fildes extract, thus rovrdrn an additional contro] agains
false reactions from this source. A technig ue of anti dgenrc absorption was also"used.
|t was found convenient to reverse the usual proce Ure and to absorb antigen with
serum, instead of vice versa. One drop of serum added to a cup contarnrng Qne dro
of antrqen Was usuaIn¥ adequate to ab orb aII the antigens for which antibadies were
present in the seru ascontroe ytesame Serum In a contiguous cup. For
direct comparrson wrt suc absorbe antrgens the reactions were made at the
same dilution g5 o). This_technigue permitted absorptions to be done successfully
with the very small’quantities of mycoplasma antigens that were available.




Ten antisera were

Or. 1,

Or. 2,

or. 3,

Or. 4

Antigens of PPLO

RESULTS

Mycoplas

prepared ar%arnst
h 110,

301

ma hominis strains Gt. 2, Gt. 3
These antisera were tested against all

33 strains. The results are shown |n able 1, where the vertical lines représent the

Table 1. Gel-diffusion precrprtrn reactions, showing relationships hetween

Antigens ' n 26

H 26
Gv.l
Gt.2
Gt.3
Gt.4
Gt.5
Gt. 6
Gt.7
Gt. 8
Gt.9
Gt. 10
Gt 1
Gt 12
Gt 13
Gt 14
Gt. 15
d 419
H50E
Cf.mpo

E

h 110
Or.1
Or.2
Or.3
Or. 4
Or.5
Or.6
Or.7
Or.8
Or.9
Or. 10
Or. 11

strains of Mycoplasma hominis

Antisera

Tyw ]. Type 2 Type 3 Type 4
Gt,2 Gt,3 Campo e “®110 Ol Or2 Or3
=fps e
f f } ——
—+ H = =k I - t
-+ + 4+ —+ —+
“+ 4+ -r
r — - -
t+- HH- 4— +— — +— - H —
} t — +H —+
f t -+ — —+
+ r e
—+ f } = == =
e A = r r
f f - 1+ A
| -+ +H —
+H + r r r r
+ H + —+ = 4+ —
—+ f } f f {
e -+ —
Hog At -H-
—+ — — H- — -Ht- ﬁt -Hi-
r - — CHe Ao
-+ — —+ -t- — Ah H- At
T 1 I
— — 4+ =
—_— — 4+ + + —
++ — - 4 i —
—f= == == H H -+
_.+_ 1'
+#+ — 4= -+ — H H H 4+

, Uegative;-H— defined lines of precipitation;
+, thick, complex or multiple lines of precipitation.
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number of distinguishable lines in each posifive precipitin reaction. From Table 1it
Is apparent thatthe genital strains formed a group with the M¥c0 lasma hominis
%yp Lstrains from oultside sources; this group'may simply be referred to as type L

he oral strains formed a separate ?roup with'the type 4 strain; thlsgrou may now
be referred to as type 4. Between Types 1 and 4 there were several Cross-reactions,
TyPe 218 refresen ed by strain Campo and one rat strain, but it has cross-reactions
! h typ?ﬁ and 4. Type 3 is represented by one strain . and showed no relationship
vy er.. Cross-reactions between PPLO groups

. The reactions between type 1 antigens and types 2 and 4 anfisera showed only
single lines in most cases, and never more than™two Jines. The identity of the cof-
responding antigens was establjshed by coincidence of these lines, wher? the various
antigenic %re arations made from the members of the type 1 group were tested
simultaneous }( against type 4 sera, The commonest type 2 or typ 4 antigen shared
by type Lwas thus definéd and designated a; the second, less common, was designat-

ed b (Table 2). _
que( lo%enor%enon referred to by Pease & Laughton (1965), where antigens were
more clearly definable by means of the homalogous antibqdy than by thé antjgen,
occurred In‘the present work also, and was of | Por_tance In'the application of pre-
cipitin or antigen absorption to_ the further ana R/sm of the antigenic structure of
these %roups. ype 4 antigens did not react, at iormal concentrations, with Gt, 2
g%)e ) antiserdm, although Gt. 2 antigen reacted with all t}lé)e 4 antisera, glvmg
ither one or two lines; but'Gt, 2 antisertim, mixed with homo _gous_antlgen or wit
an%( other type 1 antigen, had the effect of eliminating these lines, 1.¢. of absorbing
antigens adnd b. Thus the presence of antigens a and bintype 4 strains, presumably
In t00 small quantities to produce a visiblé line of preuEnta lon, was indicated. This
was verified by Increasing the relative congentration of the type 4 antigens, as far as
the hechmque allowed, ihen a faint reaction was produced: .

Absorptign of tyP_e 1 antigens containing components a and b, with any type 1
antiserum_(irrespective of whether both aand b showed strongl;lg In cross-reaction of
type 4 antiserum with the type 1antigen homologous with the"gbsorbing antiserum),
had the effect of removing antigens.a and b. Thus it appears that antigens a and'
were normally present in type Lstrains although only one or the other might appear
as g visible line in a cross-reaction. _ _

Since antigens a and b were common {0 tzpes 1, 2and 4, it was possible to deter-
mine whethér any antigens other than these were present in the (t]ype 1 homologous
system. This was done’In twe ways. Type 1antigen (Gt. 6) with demonstrable com-

onents a and b was placed in the centre cup and surrounded bg cups conAamm

pes 2 and 4 (Or. 1) Sera, mtersBaced with type 1 antisera (Gt. 2 and 3 and h2o).

Wwo lines, representing & and b, showed continuously around the central cup.
Oﬁgosne the type 1serd a further strong line appeared, over_IaPpmg the aand b lines
where they deviated opposite the types2and 4 antisera. This furtiier antigen, speci-
fic o t r?e 1, was named ¢. It was also demonstrated by a_bsorbmg the type 1
(Gt. 6) antigen with type 4 (Or. 1) serum, which had the effect, in the same arrange-
ment of sera and anu%ens as prevlouslgf, of removing line aand b, and leaving liné c.
In a further test, with the absorbin ntlg_en In the central cup, the type 1antisera
were placed in neighbouring cups. The reSidual line ¢ was then contintious, showing
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it to be present equallﬁf_ in strains Gt. 2, 3, h26. The identity of ¢ in the remainin
type Lantigens, for which antisera were not available, was éstablished by the con-
tinuity ?f [ines when these antigens were placed in central cups and testéd against

the available antisera.
Table 2. The antigenic structure of Mycoplasma hominis types
Type 1 a| b) C)fa %
Type 2 (Campo) &, R,f, O}
Iype3g ,
Type 4 (@) (b), d, &.f, g

* | etters inA)arentheses indicate factors normally present in sera but demonstrable only in
concentrated antigenic preparations.

B[%/ the secopd of these methods, the existence in type 4 of antigens other than
a ard b was demonstrated. Each of two type 4 anfigens QOr. 6and Or. 7) was
absorbed with each of two type 1sera (Gt. 3and Gt. 4). These four absorbed antigens
were placed in central cugs, each surrounded with cUps containing five type 4'sera
Or. 1,0r, 2 0r. 3 Or. 4and ullO). Against these sera, the absortied antjgens gave
WO |ines in each case, except with serum Or. 3, where one line only was discernible,
The lines were continuous between nei hbou,rmgcugs, and thus represent two further
antigens, d and e, of which d only gppears in Or. 3. - _

Two further antigens appearing In most type 4 strains were identified by their
reaction against Gt 3 and h26 séra, hut against no other type 1 sera. These two
antigens were d|st|n?mshable from a, band Checause theay appeared only jn reaction
against these two sefa, whereas all tyPe 1 sera confained d band c antibadies in large
amounts. They were distinguishable from d and e because they did not appear in, for
example, Or. 2.and h110, Where d and e were strongly represented. They were dis-
tinguishable from one another by absorption of Or. 8 with Gt. 3 or n 26 serum, after
which the antigen continued tq' react with the alternative serum. Each of these
antigens formed a sm?Ie line when the positive antigens were placed contlguously
around the ap rocpna e serum. These two antigens Were named/ and g, The type
strain of type ,_amgo, by the same criteria, possessed annPens a, hand/, and alsg
an antigen peculiar to the group, named h. The strain . 1sofated from a rat, reacted
ve_rly stronglay with Campo“serum, and possessed a, f and g in addition to h.

Type 3 Wds represented onl1y by strain , . which showed two dlstln%mshable lines
with the homologous serum. These antigens are called and k in Table 2

Cross-reactions between PPLO and hacteria

Table 3 shows the cross-reactjons between the bacterial and PPLO strains, usin
the sera listed above, those against the derived strains Bact. Or. 4 and Bact. Or, 9
and the_corynebacterial variant of ... and also those listed by, Pease & Lauqhton
(196%). The ‘antigenic component 12, common to several bacterial strains (Table 4),
was detected at this stage by the reaction of the sera Bact. Or. 4and Bact. Or. 9wit
both the Edmunds . , Z'strain of Haemophilys vaginalis and the 1. influenzae %ro_up.
The line of precipitation proved to e Continuots hetween contlg,uous,,alter ative
cups containing the several types of antigen or antiserum. Relationships between
bacterial strains isolated as Such, and those derived from PPLO, were shown by
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reactions of SM serum and antigen with d5 antigen. By cross-absorption, two com-

gon4antr3ens 41 and 42, were identified. A third antigen was common to d5, Bact.
rdan

Table 3. Cross-reactions between bacteria and PPLO

Antisera against:
If. vagrnalrs Il. vfag/ C. cer. Derrved bacterra PPLO

Antigens ol h6$9 9t sm Bfeet Bact. h20 Gt.3 Campo
0i.40r.9

Haemophilus vaginalis cr2
Cortjnebaderium cervicis

9t

20t

II. influenzae b, ¢, d, e, f. -W- -4P -p-P

‘I1. vaginalis’ (Amies & Jones)-
nosY

Bacteria

I, gjarainfiuenzae
I1. aegyptius -HP  -H-
I1. aplirophilus

Sit %coryne streptobaeillus) 4P
)5 (coryne. from Mycoplasma
fiominis Typé: 2)

(it. 4 H----b

at. 5 . .
: PPLO diffusible
(it. 8 ant(rjgen

PI'LO

at. to

H 110
(rat PPLO)

, Negative; —j— , defined lines cf precipitation;
thrrI complex ormultrple lines of precipitation.

The cross-relationships between PPLQ and bacterra were examrned further. The
serum h 26 (Mycoplasma hominis type 1) reacted [oosrtrveywrt most members of
the Haemophilus inflyenzae %roup, s, antrgenrca defined by Pease & Lau qhton
819652 an example being n 683 (11 vagrna 15, Amres& ones). When , 689 was placed

posite the sera n 26, Bact. Or. 4 and Bact. Or. 9, the ling representing this precipi-
tin reaction was continyous for all three Thus the common antigen Was presentin
these bacterial strains derived from PPLO, The identity of the antigen in reactions
between h 26 (PPLO) serum and the remaining membefs cf the 1. influenzae group
was established in thie same war This antigen; common to tyloe 1 mycoplasma and
to all listed strains of H. influenzae, wes absorbed from”|I mfluenzaef non-
capsu lated antr ens by the foll owrn% antrbacterra Sera: %Lp 9t but not

\ 1689, The antigen stablished in the sc eme of Pease hton 1965 which
fqurIs these req urrements 15 17, and rt is thus concluded that 17 1S an antrgen com-
mon 1o m%/co lasma, Haemophilus, n%/nebaetcrrum and also to the bacteria of
corynebacterial morphology derived from mycoplasma,
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The second common antigen was detectable by the reaction between Gt. 3 (myco-
plasma t ge l% antiserumand , .. (Haemophilus vaginalis, Edmunds). This was
distinct from the first common antigen (L7) because there was no reaction hetween
h 26 Or Bact. Or. 4 seraand., . 2 antigen. By identity of lines, where . , 2 antigen was

Table 4. Distribution of antigens in PPLO and bacteria

Specific types Specific antigens Group antigens
Haemophilus vaginalis 1234567389 10 11,12, 11, 39

H. inflenzae, H. parainfluenzae, 31,3233 34,35, 36,37, 38 11 1217, 18, 39, a
H. vagmall_s’ (A &)J)

Corynebacterium cervicis 15, 16, 19, 20, 21 11,17, 18, 25, 40, ¢
Cor}/nnebactena, ssoclated wllh 41, 42 25,0, B

Campo and with Streptobacillus

moniliformis _ ,
Cgﬁ{rgbacterla associated with oral 43, 44, 45 12,17, 25, 39, 40
Mycoplasma hominis type 1 a,bcf 17,39, 40, ¢, a, B
M’ hominis type 2 a,Dbf h 40,9

M. hominis type 4 abde 0,

surrounded by cantiguous cups contalnln% Gt. 3 serum, alternating. with gp2 and
Bact. Or. 9 séra, it Was determined that the same antigen occurred in Bact. Or, 0.
This antigen djd not appear to have been previously defermined and was named 39,
A trace 0f antigen 39 appeared to exist in the rat'strain . and in II. influenzae.

The third and fourth Common anhgens were detectable by the reaction between
h26 (mycoplasma type 1) serum and_ 26t (Corynebacterium cervicis; Laughton
1954) anitigen. Two lines were visible. These Were_dlst_m?wshable from antigen 17
becalise with h 26 serum_agalnst 26..and Haemophilus influenzae band c antigens, in
contiguous cups, these lings of precipitation crossed, and thus showed non-Fdentity
with, the ling between . 26and the I1. influenzae strains. They were also distinct from
39 hecause 26t antigen did not react with Gt. 3 antiserum.” One of these two lines
was found, by the test of 26. antigen against antisera including h 26, in contiguous
cups, to be Rresent In the Campo _yco'elasma hominis tm)e 2)and Bact. Or. 9 sera,
The other showed lines of identity, in the same way, with type 1and tyPe4PPLO
sera against 26t antlgen, and by absorption was identified i Hi10, Or” 1 2, 3, 4, 6,
8 9and 11; Gt. 2 4,5, 7, 10,11, 15and 16, and the streptobacillus sm (a t_race\). This
antigen appears to beg; the second ling in the 26t, h 26 reaction was not identifiable
withany previously named antigen and was called 40.

Diffusible antigens

Two diffusible antigens, of the type _d_esgnbedb_ Freimer, Krause & McCart
(1959) and Pease (1963) were also jdentified, to a limited extent. The antigens ex-
tracted from . 110 and’ Gt, 5 medium reacted posmve% with h 689 (Haemophllus
Inflyenzae, ‘vaginalis’, Amies and Jones) serum: the same antl(%en was detected In
H. influenzae ' (nop-capsulated), by idéntity of lines. Extracts Gt. 4, Gt. 8 and
Gt 10t_re?cted With sm serum. These diffusible antigens were named = and 7,
respectively.
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DISCUSSION

The evidence in Tables 1 and 2 confirms the conclusions of Huijsmans-Evers &
Ruys (1956), Edward & Freundt (1956) and subsequent authors, that Mycoplasma
hominis trype 1 consists of human (I;emtal strains, and type 4 of human oral_strains,
Type 2, represented by Campo, afso of genital qrigin, has close relationships with
straing from the r_estatory passages of rats. This Is true not onlly of strain e, but
also of other rat isolates (Lemcke,” 1964; Morton, H. E., personal' communication).
T EPes 1, 2 and 4 are antigenically. closely related, as is already known, and the
siared antigens have been'defined’in this paper. Type 3, of which very few strains
have been fecorded, is agparentl_y unrelated. . o

The distribution of shared _ann%ens shown in Table 4 provides evidence that the
corynebacterial variants which have been claimed to be derived from PPLO
EMlnck 1953 Wittier, Cary & Lindberg, 1956; Smith, Peoples & Mortop, 1957;

ease & aughton, 1962; Pedse, 192; H. E. Morton, personal ¢ mmumcatmn)band_the
unrecorded examples quoted in this paper are, in fact, what they appear to be, since
those examined in this study had several antigens in common, both with PPLO and
other corynebacteria, and With members of the Haemophilus groupns. And it is
notable that the strains of bacterja most recently derived from PPLQO (the oral
derivatives in Table 4) Possess the largest number of shared antigens. This provides
support for the view that the PPLO are the L-forms of these and similar bac-
teria and, if this is true, then the pame M%coplasma hominis is invalid. Apart
from the question of bacterial origin, M. Hominis type 1 shares antigens with
Haemophilus influenzae, including the diffusible antlgen a, which may be régarded as
of cell-wall orlgm (IFre|m retal, 1959; Peafe, 1963), but none with M homidis type 3
that was detectable by the methods employed. * y

Haemophilus may Conceivably be a Gram-negative (or weakly Gram-positive)
derjvative of Corynébacterium, as Stregtobacnlus moniliformis has aIread)ﬁBroved 0
be (Pease, 1962). The relationship of Corynebacterium, Haemophilus and PPLO, asa
degenerative Series, was suggested by Péase & Bisset 19622. he aE_pa,ren_t reltjon-
ship between PPLO and Haemophilus influenzae isborne out by the Similarity oftheir
DNA basg ratios (Sueoka, 1961). This bacterium not anly has 3 hitherto unexplained
relationship with myxoviruses, but also produces L-forms which resemble marpho-
logically the filamentous stages of these large viruses (Pease & Bisset, 1962).. Its
close conr]exlon with PPLO “parasitic upon mammaliah mucous membranes is of
theoretical Interest. _

. The evidence that PPLO are L-forms of corynebacteria and related genera now
!)ncludes_ repeatgd exgenment transfPr at|_<%n%of one into the other, similarity of
ase raios, and the sharing of several identifiable antigens. N

No claim for the completgness of this list of antigens Can be made, nor is it known
to whqg extent the differences between the types, as now defined, may be due to
reversinle phase changes. _ 3 o

Some of these anUgens showed signs of lability, and it is gossmle that the tendenc{y
to imbalance hetween homologous antigens and antisera (ef, Pease & Laughtori,
1965) was due to their actmg as hag_tens, so that their degree of reactivity may have
depended upon the molecular associations in which they occurred at differenttimes.
A similar imbalance between antibodies and homologaus antigens was observed by
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Brown & Nunemaker 81_94? in reactions between Streptobacillus maniliformis and
rat PPLO. Afurther point arises from these aythors’ work. Pease (1962) showed an
antigenic relationship between S. moniliformis and human mycoplasmas. [n the
Present wpork and in'that of Lemcke (1964) the PPLO of rat rigin proved to be
Sype 2, and in the [Present work a bacterium {SM% associated with a_strain  of
. moniliformis fell into the same group, whereas the human oral and %emtal straing

I
isolated in this laboratory were types 4 and_ 1, respectively. Although the classical

type 2 (Campo) 1sa human genital strain, it is not comparable to the'type 1 strains
in frequency from this source, and thus it appears that the streptobacillus-myco-
plasma type Z,tg[oup normally occurs in animals. The origins of type 3 are’still
obscure, since it'is apparently’unrelated to the remainder.
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INTRODUCTION

Lehmann (1947, 1961) stated that salicylate exhibited some bacteriostatic action
against tubercle bacilly 1n Sauton medium. The present author (Tsukamura, 1967
examined the suscepttbtlt X t0 sodtum salicylate of various mycobacterial strains |
an e?g medium and found that Mycobacterium tuberculosis and M. bovis were
geo ically suscepttbe to this com ound Further_ examinations were made of

growing. mycobacteria on_ Sauton agar, with the expectation that the
suscePt|b|I|ty might Increase In th|s defined medium. During this studK It was
found that some m cobactena ma e black a Sauton agar contammg igh con-
centratmns of sal {Ny It was als found that mosl isolates which ecomposed
salicylate mt IS Way showed a_positive 3-day arylsu phatase test Wa ne, 191,
Kub|ca Rigdon, 1961) and utilized mtnte as soemtrogen source (Tsuk amura&
Tsukamura 965) It ‘as, noticed that th ese reactions (salicylate degradation
ary s f atase act|V|t mtnte as sole nitrogen source)” usually appeared
toe er’in an  isolate. Thé salicylate-decompasing mycobacteria consisted of
M fortuitum and of several strains of rapidly %rowm uncI ssified mycobacteria. A
attempt was made to_classify these UnclasSified fycobacteria according to the
methods described by Gordon'& Smith (1955), Bergey's Manual (1957), an Gordon

G. Microb. «
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& Mihm ﬁ1959) and according to the amidase tests described by Boenicke (9 ).
The results showed that thesg mycobacteria beIonged to M. fortuitum. Thus, the

salicylate degradation may e spécific for M. fortuitum.

METHODS

IsoIates The following isolates were used Mycobactenumfortultum (no. 605, 606,
ordon) M. sme matis ( en en, dyusu Juchg, Takeo); M. phley
Denken hyushu rapid growm unclassifie mycobactena isolateq from soll
sources |nt IS aborator 14°uncoloured and 8 colotred isolates); rapidly growing
unclassified myco actena isolated from human patients (named Yamamoto,
Nishiwaki, Mimura); scotochromogens (Runyon’ rdroug |, Runy on 1955;
16 |soIate32 nonohotochromo ens( unyonsgroupl isolates): M. kansasi
Forbes8 Bostrum d-35 % 1) M. avium é a 11, 3717, 4110, 4121 11755,
am|n 0, Ktrchber%/I Nagoya 59):"M. balnel (b 913, b 916: Lausanne); M. ranae
ausanne patypoem us (one 1solate: A, Ross); M. piscium (one
|soIate oss marinum (one isolate; A.J. Ross) three |soIates rom
tro ical flshes (sF- Lt sw: S. Sato), Most of these isolates were suro
rK Konno([esearchlnstltute forTubercqusn and Leprcsy, Tohoku U |vers|ty
Professor K. Takeya [tDe itment of Bacteriology, Kyushu Universit
ProfessorS Hibino (First Department of Internal” Medicine, Nagoya nwer

gahc late degradation. This was observed in a_modified Sauton medium a?ar
contalnln sodlum salicylate (05 or Img./ml). The com osmon of the Sauton
R}oar Was as follows: glycerol,"50 ml., sodium lutamate, 40¢.; KHP04 0-5.
S04 THD, 054.; sodlum mtrate 20% ernc ammontum utrate, OOSg
8unf|ed agar (Wako ure Chemical Co., Osaka, Japan), distilled wat
50ml. This was adjusted o pH /-0 and sodium sahc Iate was added to the
medjum, before stenhzatlon fo final concentrations mg./ml. The
medium was poured in 8 ml. uant|t|es |nto tubes 170x17m and stenhzedb
autoclaving at 115° for 30 min., sloped and cooled. The medium was then surace
inoculated With one loopful of the stock cultures and incubated at 37°. Growth and
chan?e In colour were observed after 1 and 2 weeks of incubation.
Nitrite ut|I|zat|on as soIe n|tro en source. This was tested on the sIo es of the

foIIowm% mediym: 8 éo 02m); 4 0-50. g THD,
0-5 |um C|trate 20% Icer Oml.; g)unfteda ar, 309.; distilled, water,
950m adjusted to pH, 720 by addition of 10% (w J odiym njtrite was
sterjlizeq by Seitz- f||trat|on and added to the medium ase t|caIIy The sloges were
surface Inoculated with one loopful of the test strain. Growth was observed every
week until the end of the third week and recorded by comparison with the growth on
control medium without added nitrogen source.

96hlree day arylsulphatase test. This Was done according to the method of Wayne

pAmmosahc late (PAS) degradation. Degradation of sodjum * amtnosahc Iate
( S()) Was testdaccordtn% to the method escnbedb Tsukamura (19614, b

Was observed as a blacke mg %awa egg mediun conta|n|ngP S lmg
Onservation was made after T week Of incubation at 37°.
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: ArE|dase tests, These tgs(t,s were done according to Boenicke (1962). Time of
incubation was 15 hr. at 37°, _ _
Utilization of orgamc acids as sole carbon sources. This was tested on the following
medium; (NHAZS04 2-64 ¢ 04 -59.; M|_PSO4.7H _05.. purified agar;
30%.; distilled “water, 1000ml.; adjusted to' pH 7-0.  Solutions "of Sodium sats,
acelate, citrate, succinate, malate, payruvate and benzoate, were sterilized separately
by heating at 100° for 5 min. and"added to the above medium ageptically to give
final_concentrations of 0-0Lm. Growth was observed in comparison with coritrol
medium without added carbon source after 1and 2 weeks of incubation at 37°,
Acid formation from carbohydrates. This was observed in the following medium:
NHACL, 20¢.; - 8 0504, 7HA), (}5%.;0-2% Ww/v) bromtfymol blue
solution in 002M-NaOH, 20 ml.:” purified _agar 0. distilled water, "1000 ml.;
adjusted to pH 7-0. This medium’was sterilized b autoclavm% at 115° for 30 min.
The carbohydrate solutions were sterilized separately by heati 0 af 100° for 5 min.
and added fo medium aseptically to a final concentration of 0-5% &w/v). The slopes
of this medium were inoculated with one loopful of organisms, and acid formation
examined after 1 and 2 weeks of incubation at 37°. The following carbohydrates
were used; _%Iucos_e, mannose, galactose, arabinose, xylose, rhamnose, trehalose,
lactqse, raffinose, inositol, mannitol, sorpital. _ _
Nitrate reduction. The bacteria to final concentration of 10 mg, wet welght
bacteria/ml. were suspended in 5ml, _0-067M-phothate buffer “(pH 7-1) con-
taining 0-1% (wiv) NaN03 The suspension was Incubated at 37° for 16 hr. and
tested"for nitrite, "Nitrite was examined by addition of two drops of 2% (wiv
p-dimethylaminobenzaldehyde in 10% (v/v) HCL+1 ml. 10% (v/v) HCL Contro
tubes contained heat-killed bacteria, .
Salt tolerance. This was examined in glycerol broth containing 5% (wiv) NaCl.
Growth was observed after incubation for2 weeks at 37°, _
Temperature response, Growth was observed on O?_awa egg medium and
Lowenstein-Jensen medium after 1 and 2 weeks of incubation at 28°, 37°, 45°, 52°,

RESULTS

The results ofthe sath/Ia_te degradation, PAS degradation, nitrite utilization and
3-day arylsulphatase tesf with various mycobacterial isolates are shown in Table 1
Amgng the already classified mycobacteria, only Mgcobacterlumfortu Itum showed a
Bosmve reaction i two or more of these tests. "Nitrite was used as nitrogen source
y M. fortuitum and gave growth within 1 week. Nitrite was also used as sole
nitrogen source by M. Smegrmatis and M. phlei, but visible growth of these two was
seen onl ?fter mcuba%log or 2-3 we.%ks. . . .
. Among forty, classitied or unclassified, ragldly growing mycobacteria, twentsy
isolates Showed one or more positive reactions “in"the four d|st|ngmsh|r&% tests,
Among these isolates, all of the strains of Mycobacterium smegmatis and M. phlei
fested Showed only usg of m[(nte a5 sole nitrogén source, showmq_wsmle Rrowth after
Incubation for 2°or 3 weeks; the other activities were negative with these two
orﬂamsms_. Thus, these two species were separated from other strains. Among these
lafter strains, which are listed in Table 2 exceptmp the strain no. 315 which showed

only the positive 3-day arylsulphatase test, all’strains including M. fortuitum
02
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showed at least two positive reactions (Table 2). The amidase test (‘Boenrcke 1962),
the utilization of organic, acids as sole carbon ‘sources, acid formation from carho-
hydrates, nitrate réduction, and NaCl tolerance were tested on these rapidly
growing mycobacteria; the results are listed in Table 2. The results showed that the

Table 1. Salicylate degradatron Pamrnosalrcylate (PAS) degradation, nitrite
utilization, and 3-Gay a,rylsulphatase actvity by various mycobacteria

Salicylate degradation and PAS degradation were observed after one week of incubation at 37°.

Three-day
No..of aryl-
Mycobacterium strains  Salicylate PAS Nitrite ~ sulphatase
strains tested  degradation degradation utilization*  activity
M. fortuitum 3 +(2 +(2 +(3 +(3
M. smegmatis 4 o —( ) J_r(gt —( )
M. phler 2 — - * —
M. marinum 1 — — — —
M. platypoecilus 1 —
M. ranne, 1 — — — —
M. balnei 2
M. piscium 1
M. avium 8 — — —
M kansasi 3 -
eotochromogen 16 -
(Groug
N(%n toc romogen 18 — — 1(5)
rou
apid grower 3 +(2) +(3) +or +(2)
( foup +(3)
apid grower
( ol sources&
rUncoloure 14 +(7) +(7) i( ) +(7)
1Coloured 8 - -

() indicates no. of strains. showing the positive reaction.
1, positive growth within one week; + , positive growth within 3 weeks.

pattern of activity of unclassified, rapidly Igrowrng isolates from soil or human
Eatrents exclyding the strain no. 315, is simifar to that found in the three reference
trains of M. fortuttum.

DISCUSSION

Among the strains listed in TabIe2 only the strain no 315 differed markedly
from others. This strain showed on hy gosrtrveSda y arylsulphatase test among the
four drstrngurshrn% reactrons It's ow d no_ amidase actrvrty, utilized onIy acetate
among organic acids, and formed no acid from carbohydrates It resembled
Mycobacterium aquae (Boenicke, 1962) except that it was, Inco oured rom thrs
case, e earn that the positive 3-ay arylsulphatase test is not al wa(y)s specific or
M. fortuitum, even though It IS sure this test is useful to screen M. fortuitym,
the contra the abseneo this activity does not exclude the test strarn from

orturtu For exam le, straing no. 330 and Mimura showed no 3 ag/
nPatase actrvrtly but were considered to be M. fortuitum from their Gver- aII
Ilarity in other characteristics (Table 22
All strains listed in Table 2, including three strains already classified as Myco-
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bacterium fortuitum, showed a few deviations from the typical characteristics of
M. fortuitum (Gordon & Smith, 1955: Bergey's Manual,"1957: Gordon & Mihm,
1959), but the unclassified straing showh “in Table. 2, excluding strain no.
315, "were thought to be M. fortuitum from their similarity to the reference
strains. 1t was noted that these strains showed two or more positive distinguishing
reactjons (Table 2). On the other hand, no other strains showed such, reactions
(Table 1)." In view of these results, 1t was thought that the four distinguishing
reactions are useful to distinguish M. fortuitum from other mycobacteria, =

Wayne (19613 and Kubica'& ngdon _%1961 stated that Mycobacteriumfortuitum
may De differéntiated from other rapidly drowing mycobacteria by its positive
arylsulphatase test. However, as shown in this_study, there are sonie exceptional
cases (strains no. 315, 330, Mimura). Growth at 7 days with nitrite as sole nitrogen
source may be specific for M. forturtum (Tsukamdra & Tsukamura, 1965), but
a Negative’ reaction does not exclyde M. fortuitum (Table 2). Similarly, positive
reactions of the salicylate deﬂradatlon and the PAS degradation séem to be
specific for M. fortuitum; but all strains of M. fortuitum do not show these reactions
(Table 2). We must say that it 15 impossible to detect M. fortuitum by one charac-
teristic, ut, from the results of this study, it seems to be possible’to do s by
use of four marker characteristics. When  test strain shows two or more positive
reactions; among the four distinguishing reactions (salicylate degradation, PAS
degradation, growth on nitrite madium Within 7 days, 3-day arylsulphatase test),
th strain may be |dentified as M. fortyitum. .

Cattaneo, Morellini, Penso & Yicari (1954) and Penso, Cattaneo, Morellini &
Yicar (1955) stated that Mycobacterium piscium and a number of jsolates from
cold-blooded animals darkened PAS-eontaining media. 1t was a peculiar fact that
they stated that M. minetti ‘M. fortuitum) showed a negative reaction, based upon
the”observation on one isolate. Tsukamura (1961a, h) observed that certain myco-
bacteria isolated from the soil blackened P S-contammg media gat that fime, the
author did not know of the Italian work) and showed that the coloured formazan
wag,due to the change of PAS catechol. _ o

There remains some question as to whether M%cobactenumfortunum,|s the only
Species degradmg_ PAS, because the Italian authors stated that M. piscium and
other mycObacteria from cold-blooded animals darkened.the PAS medium. In the
present studly, it was observec that one strain of M. piscium and one strain (» 913
of M. balner made a PAS medium brown after more than 2 weeks. Three strain
from trolpl_cal fishes also made the mﬁdlum dark after mgubaﬂon f?r 2-3 Weeks,
However, jt seemed easy t0 d_|st|ngms the reaction of M. forturtum from the false
reaction of other mycabacteria, sirice the M. fortuitum reaction was much stronger
and appeared sooner, 1.e. after 1 week incubation. _

In contrast to the PAS degradation, sallckllate degradation appeared to be
clearly restricted to M fortuitim, Growth of the mycabacteria, which showed a
fale reaction in the PAS degradation, was inhibited on the Sauton agar contamm%
sodium salicylate 05 or Ling./ml., and no chan%? I colour was observed. |
addition sah%ylate degradatlon differed from the PAS degradation, This was shown
by the fact tat the Strain Yamamoto decomposed PAS but did not decompose
slicylate (Table 2). The degradation product of salicylate by M. fortuitum'has
now een shown to be catechiol (Tsukamura 1965).
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This study was suprP_orted in part bg/ a I_gfrant from the National Sanatorium
Department’of the Ministry of Welfare dnd Health of Japan. The author wishes to
express his appreciation fo Professor K. Ogasawara g?epartme_nt of Bacteriology,
Nalglog/_a University) for his kind advice. He'expresses his appreciation to Professors
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SUMMARY
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INTRODUCTION

The author (Tsukamura 1965) had found that Mycobacterium fortuitum de-
composed sal |ch/ late and blackened a mogified Sayton medium agar containin
salicylate and that this reaction was specific for M. fortuitum. The present work |
concerned with the mechanism of the blackening by M. fortuitum ™ of medlum
containing salicylate.

METHODS

Strams cobactertumtortmtum nos. 606, 607 and 302, were used. As described
previous| ese stratns caused a marked blackenlng of a modjfied Sauton medium
agar con ammg T % (w/v) sogiym salicylate within'7 days when the medium was
Inoculated with one loopful of the stock cultures of the test strains (Tsukamura,

dium. A moified I| uid Sauton medium was used W|th the following
com osmon sodium g mae glycerol, 50ml.; Ig
q HZO 05¢ C|tr|c acid, 20? Hric ammomum citrate, 005 * disglled
waer 950 . Themedtumwasadduse to pH 74) Iya dition oflO% wiv) KOII,
poured |n 0m| quantitjes into. 200 ml ErIenmeve flasks, and sterilized by auto-
cIavmfg 5% for ) mtn Sodiym salicylate solutjon was sterilized by hedting at
or 5m|n and added to the medium aseptically. Catechol was sterilized

by Seitz filtration and added to medium aseptically. All reagents used were
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extra pure grade (Katayama ChemrcaICo Osaka, Japan'. Sauton medium with
01% /g v) Sodium salicylate and with O-L% (wiv) catechol were prepared.
aper chromatography. Paper chromatogra hy Was done by upward flow. Tovo
e Pa er no Wwas_ used. Three soIven stems were Used: Rl) «-hutangl
satura with ammonia water (28%N 40 (2) «-butanol saturated with
distilled water; @ «-putanol + glacral acetrc aCl §4+1?
Absorption spectra were measured with a Hitachi spectrophotometer typeEPU-2A
(Hitachi Co.. Tokyo, Japan).

RESULTS

The followin serres of medra were setu 1) unincculated, Sauton medjum
containing. 0-1% sodium salicylate; aut edrum containing 0T % sodium
salicylate“inoculated wrth 300- 00 morst werght of test organism; (3) un-
Inocillated Sauton medium contarnrng ocatec 0l" (4) Sauton medium con arnrnﬂ
0-1% catechol Inoculated with 300-400 mg. (moist werght) of test organism. A
media were incubated at 37°.

Table 1 RF values in paper chromatograms of coloured formazans produced b
Mycobacteriumfortuitum nos. 606, 607, 302 when incubated with salicylate or catech

In"Sauton medium
[tFvalues

. Salicylate Catechol
Solvent Strain no. ~ +organisms  +organisms  Catechol

A* 606 009 010 013
007 010 013 013
302 010 012 013
B 606 0-83 0-84 0-83
607 0-83 0-82 0-83
302 0-83 0-85 0-83
C 606 0-85 0-87 0-86
607 (-84 0-80 0-86
302 0-89 0-86 0-86

* Solvent A: »j-butanol saturated with ammonia water. Solvent B: n-hutanol saturated with
distilled water. Solvent C: n-butanol + glacial acetic acid (4+ 1), by vol.
All'samples showed another black spot at point 0 (lip 0°00).

The two media with catechol showed an immediate violet colourrnq before
inoculgtion. When each component of the medium was mixed with catechol, at the
same final concentration, It was found that ferric ammonium citrate alone of the
mgredrents produced this colour. Catechol medium became dark brown or black
after incubation for 4 days at 37° even unrnoculated me lum in the absence of the
test organisms, After incubation for 4 agr ‘med |um r2]te|n ulated Suton
media with salicylate, showed similar blackening edium (1) uninocu ated
Sauton medium with 0-1% salicylate remained co our ess

Media 52) and (f4) were centrrfu?ed at 3000 rev./min._ to remove the bacteria, and
the superriatant fluids obtained from these with medium %’g were concentrated to

4 to 4 volume under reduced pressure. Evaporation was done for 2 days, during
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which the media were maintained cold in the dark, the cold state being produced
by the reduced pressure. The three concentrates (salicylate + organisms, catechol +
organisms and catechol) were used for paper chromatography. _
Pvalues of the brownish black formazans in the “concentrates are shown in
Table 1. The formazans showed one spot In different solvent systems and their
Ri)values werealmostidentical. Abrownishblack spot remained at the original Pomt.
Elution of this spot with distilled water. showed no. marked absorption between
30 and 550 mit, but showed an absorption in a region of less than 230 m/t; the
nature of this spot 1s still unknown.

O—OSalicylate 4 organisms

©—=& Catechol + organisms

»*—2x Catechol (+medium)

0-200

0-100

Optical density

T T T T 1T 11

0-000
220 250 300

Wavelength (mp)

Fig. 1, Absorptign spectra of the colour formazans produced by ‘salicylate + organisms’,
&cgltech%lwrt anlsmfg’t%nd ‘catechﬁl’. Int this exalﬁptlhe lgﬂ.foytlunumygtz).oﬁgg (gslusetg.

oured sectlons 1 paper. chromatograms wi _valygs . 0-32-0- olvent:
n-%utan,ol saturate wnﬁw deEtI”ed water gwere eluted \Rllth d|stll?ed water ‘and the
absorption spectra of the eluates measured.

Coloured sections in the paper chromato%rams_ developed in n-hutanol saturated
with water were cut out and extracted with distilled water for 16 hr. The extracts
were examined by spectrophotometry. An example of the absorption spectra of the
extracts is shown in Fig. 1 Extracts from the samples ‘salic Iate+_orr%;an|sms,
‘catechol+organ|s_ms,and catechol’ showed the same type of dbsorptiof spectra.
Maximum absSorptions were observed at a region of wavelength less than 220 m/t
ar.d at 275 mit. Sodium salicylate showed maXimum absorption at 230 and 295 m/t
(data not shown). . e

In view oT t ? e results, the coloured foymazan from sall%llate was identified with
the formazan from catechol since both formazans snowed similar RF values ana
similar abso’(h)tlon spectra. It was assumed that the saImXIat_e was converted to
catecnol by Mycobacterium fortuitum, for when, Instead of the living bacteria, heat-
killed bacteria (100° for 5 min.) were added to salicylate medium, no blackening of
the medium was observed.
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It seems probable that the conversion of salicylate to catechol is enzymic. The
reaction is described as follows:

OH OH

@COOH @70}{
—_—

Salicylic acid Catechol

The author thanks Professor K. Ogasawara, Department of Bacteriology, Medical
Faculty, Nagoya University, for his’kind advice.
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SUMMARY
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INTRODUCTION

Numerous thymine-less auxotrophs of Aerobacter aerogenes have been |soIated }r
the aminopterin method. All had_a high thymine requirement. compared wit
Escherrchra coli strain 15¢ . Likewise, ammopterm selected th%/mme Iess mutants
romE coIr strain 15, from severaIE cor k strains, and from other hacteria
¥|e ded, Wrt out exception, auxofrophs with a high thymine re(iurrement All of Dr

Okada’s aminopterin- derrved Isolates d(personal communrca lon reri]urred twenty
times the concentratron of thymine as d strain 1 oreovr tetymme
less Bacillus megaterrum rsolateit b}/ achsman, Kem &Ho [geg 2 vrﬂ
thymine requirément. It would thus appear that thymine-TesS bacteria newly
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On the other hand, some amin

A. P. HABRISON
isolated by the aminopterin method are different metabolically from E. coli 15¢_.

opterin-derived mutants of E. “coli reported in the

literature show a Iowth¥m|ne reqFL)_urement, more nearly that characteristic of strain

15¢ . However, one of

hese, strain 15n_t_, was derived by

Dr T. Okada (personal

communication) as secondary growth froma |Ph-thym|ne-requir|ng_ auxofroph, In
Inely” have been defived from high
as a esult of a second mutation, The purpose of

the present stud
thymine re(a

the present

y low thymine requirers, roy
uirers, presumably ult of
eport is to describe the relationship between various classes of thvmine-

less bacteria, and to compare their thymine uptake and metabolism.

METHODS

Bacteria. Strains and pertinent information are listed in Table 1. Escherichia coli

strains_ 15 and 15t~ were sup

plied by Dr Seymour S,

Cohen. Th

e latter organism is

a U.v.-induced mutant, and was desCribed by Barner & Cohen (1951). Two strains
Table 1. Isolation and thymine requirement of bacterial strains

Species

Aerobacter
aerogenes
nete 418

Escherichia
coli

Strain

esigna-

tslogn Parent
t _
t23 t
t23A 23
238 123
t23-1  123B
t23B-7 t23B
15

151 15
1518 151
1511 151
15¢t- 15
15T--3 15t~
15t -6 15t-

Method of
isolation

Aminopterin
Concentration

radlenta%ar
oncentration
quadlent e(nﬁar
eavy seeding
on thymine-
less agar
Heav%/ seeding
on thymine-
less agar

Aminopterin

Concentration

I_(r;radlent %gar
eavy seeding
on thymine-
less agar

u.v.-induced

Heavy seeding
on thymine-
less agar .

Heavy seeding
on thvmine-
less agar

Thymine necessary  Exogenous thymine
to salstain full growyth ; 3?

im-)
None (prototroph
(p25 ph)

1

~2

None ‘prototroph,
revertant)

1

None (prototroph)

25
-2

None (prototroph,
rever‘gnt) P

1

None (prototroph,
rever‘gnt) P
None (prototroph,
rever‘gnt) P

incorporated/cell

005x 10 9when
own In 5fig.
ymine,ml.

'

i
0-9% 10-9
0-9x 109

0-9x 10-9
0-9x 10~9when

fown In

ymme

007 x 10-9when
rown In 5fig.
ymine/ml.

are not listed: E. coli strajn ce~ was_supplied bgthDr R L. Sinsheimer; it was

isolated by Dr P. C. Hanawalt ov the aminopterin m
E. coli strain 1ﬁ§h-t
er

Media.

- Was recelved

fromD

T. Okada

od following u.v. irradiation ;
H/T) confained 0-6% (wiv) NaHPO47THD and 0-15%

NaHZ04.HZ). Liquid minimal medium comprised in addition to buffer 0T0 %
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NHACL, 0-05% KCL, 0-02% MgCI2.5H2), 0-03% NaZS04 and 0-3% glugose (yield-
I|m|t|n% to 4 x 109 ceIIs/mI(.?. lucose, buffer, and the salt mixture Tsuitably con-
centrated) were autoclaved separately, were cooled, and were mixed aseptically.
Stock cuftures were maintained on minimal mediym conta|,n|_rr\T%] 1-6% agar. For
thymine-less bacteria 50fig. thymidine/ml. was included, Minintal agar for plating
contained 0-5% glucose. “Sterile buffer was used as diluent. Forroutine plate
counts enriched agar was used, It confained 0-20% KHP04 0-2% yeast extract
%leco)_ 0-5% trypticase gBaInmore B|olo?|cal Laboratory), 0—5%_g Ucose, 50 fig.
tﬂymgggﬂg/rg]nla %ngrl-G% gar. The diluent had the same composition but withodt

10l .

B(solatmn of mgta_nts._ Thymine-less auxotrophs were acquired by two or more
serial passa?es in_liquid minimal medium supplemented with 200 Iﬂ' thymidine/
ml. and 200fig. aminopterin/ml. (Okada, Homma &Sonohara, 1962), foflowéd by rep-
licate g_latm% (Leder erg & Lederberg, 1952) from enriched agar to minimal agar.
Increasing the” aminoptérin: concentration to 500fig./ml, waS necessary In some
instances; incorporation of 200fig. 5-bromo-deoXyuridine/ml. had no effect,
Thymine-less bacteria obtained in this way required 20-25 fig. thymine/ml. in liquid
minimal medium to sustain maximum growth. Strains with"a lew thymine require-
ment were Isolated from these auxotrophs as follows: 109washed cell$ in buffer were
spread onto minimal agar, a cylinder of agar was cut from the midale of the lolate
with a cork borer 1cm.”In diarmeter, and 1'mg. thymine in 0T ml. water was placed
therein. After 2 days of incubation satellite colgnies appeared at the periphery of
the confluent growth surrounding the depression. These colonies were streaked
on enriched agar to ensure purity, and stock cultures were prepared on minimal
agar containing thymine. The low th%/mme requirers will be referred to as double
gwfutartlﬁs. T_hegf n|1ay also be acquired by heavy seeding on minimal agar containing

1. thymine/ml.

(9_hem¥ca|_s. L eucovorin was a gift from Dr E. H, Dearborn, Lederle Laboratories.
Aminopterin, folic acid, 5-bromo-geoxyuridine, the various deoxyribonucleotides,
deoxyribonucleosides, and related compounds were purchased “from Califomia
Corporation for Biochemical Research, Dihydrofolic acid, for use in dihygrofolic
reductase assaa/s Was Pre ared by NaS24reduction of folic acid as described by
Futterman (1957). Tetrahydrofolic acid, for thymjdyate synthetase assays, wes
Prepa_red br¥ catal%tjc_ reduction of folic acid as describéd bhy Kisliuk (1957). Tritiated
hymine and thymidine were purchased from Nuclear-Chiicago Corporation.

Growth studies. Bacterja from a refrigerated stock culture were transferred to
5ml. liquid minimal_ medium 1(suppleme eq as regwre_d) and incubated overnight
without forced aeration. This Tresh culture, (washed twicé with 20 ml. buffer at the
centnfugqﬁ? s%rved as inoculum for 10 ml, liquid medium in neRheIom_eter Coleman
Model eﬁ) 0-Colorimeter) cuvettes with glass_tubes through aluminium caps to
permit gentle aeration with a Marco air pump. The cultures Were incubated at 38°
In a constant-temPerature water bath. Growth was monitored by the following
means. nephelometrically (against Coleman Nephelos standards) to"measure mass,
microscopically_(Petroff=Hauser counting, chamber) to assag for total organjsms
and by means of plating (spreading method) to assay for viablé organisms. . Enriched
aD%a(\r served for routing rﬁ)latmg_. here larger cultdre volumes were required, as in

A assays, cultivation was™in 130 ml. medium within gas-washing bottles and
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aeration throuPh the spargers was provjded by compressed air. DNA assays were
%one on tntch oroacetic acid extracts by thé Burton (1956) modification” of the

Ische reaction.

(h}/mrne Incorporation. Minimal medium in the cuvettes was suPpIemented with
tritiated thymine. After varrous periods of incubation 0-1ml. samples were
transferred to 0-9 ml. of 1% aqueous formalin. Samples from cultures of high cell
densrty were further diluted with formalin to marntarn a cell concentration of
10lml; Mrcroproetteswere used to spread 0-05 ml, even r¥ onto degreased stainless-
steeIPanchets hus the numberoforganrsmsonthe larichets wag held to approxr
mately 106 and decrease in radroactrvrty due to sel asorptron‘(j1 X onentra
growrng cells) was held to 25%. The pIanchets were dried undey rn ared amfv
xposed for Omrn to fixadve (%% ethanol + glacial acetic acid, 3+ 1; van
Tubergen & Setlow, 1961) 5oassed hrouqh a series of ethanol solutions ofdecreasrn%
conceritration (from 95t02 %), and finally passed through two changes of water. |
this procedure the cells (contarnrn rncorporated trrtrated thymine) adhered to the
planchets, whilst resrdual trrtrate thymine was removed. The radioactivity was
measured with a Packard gas-flow r ortronaI counter. From the specific fadio-
activity of the thymine th eamounto gmrne incorporation by the oroanrsmswas
calculated, and is plotted in the figures her rnasfrg thymrne incorporated/ml. culture

Enzyme assays. Cell homogenates for dihydrofolic reductase and thy mrdvlate
synthétase assays were ﬁrepared as follows: 130 ml. of exponentral 6 (?rowrng culture
viere harvested when the nephelometric measurement became 1000 (equivalent to
8x 108 cells/ml.). The organisms, were chilled, washed with cold buffer, suspended
in 5 ml, of buffer, and homogenized with a French pressure cell (American Tnstru-
ment Co.). The homogenates were centrrf ?e to remove partrculate matter, and
Were ass ged immediately and after ove nrsq ht storage at —22°. The method
described by Misra et al, {1 61) and Mathews crrm eour&Huennekrns (1963) was
employed for the dinydrofolic reductase assays, and the spectrophotometric méthod
described by Friedkin (1963) was_ used for the thymidvlate synthetase assa s
Temperaturg was 23°. From the initial slopes of the ahsorbance Vs, time curves
mi/moles substrate converted/min. were calculated. These results were then reIated
t0 mq homogenate protein, Homogenate {)rotern was determined by the Folin-
Croca teay méthod as described by Layne

|t was desired to carry out the thiymidine phosphorylase assays on organisms grown
on thymine (5fig./ml.) and on thYmrdrne (50tig/ml.). Sincé the aCtivity of this
enzyme Pecreaﬁes great ’%/ urrn ate exponentral g%wth the cultures ere har-
vested after only thiree mass doublings, when the néphelometric measurement had
become 200 (equivalent to 2x108ce||s/m| 1x 10 ceII%/mI in the case of strain

rganr s from 700mtofculturewerewashedwrt cold 0-03M-sodium pnos-
ate ufter (pH 7/-1), suspended in 5ml. buffer, and homogenized with the French
pressure cell. The homogenates were draIPrsed for 9-12 hr at 5° against demmeralizeq
water flowing at a rate of L1./hr, cent ued to remove particulate matter, and
stored at —22°. The homogenate was assae as follows:” 0-05 ml. was added to
test tubes held at 0° and contarnrn? mole (30 gc) tritiated thymidine In
(-65 ml. 0-03M-sodium phosphate buffer ( (H The tlbes were pldced simul-
tanequsly in a 38° constant-tem erature bath At varjous intervals from 0 to
30 min. a tube was removed, the reaction terminated by the addition of7m|
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ethanol, and the resulting protein precipitate removed as described by McNutt
(1955) for nucleoside transdeoxyrrrbosrdase assay. ( The control received thymidine
after the addition of ethanol.) The preparation” was then taken to dryness at 50°
under an air jet. After addition ofcarrrerth mine and thymidine the dried material
was chromatographed (descending) on Whatman no. 1 paper with water, requrrrn
45 hr. The u.v.-absorbing thymine and thymidine spots were eluted with 10'ml.
water. To detect breakdown of thymidine to thymine, radioactivity was measure
on a01 m|. samE)Ie added to 5ml. of scrntrIIatron mixture 175% na[o hthalene,
74, 5droheny oxazole, and 0-375 g |.4-Dis-2 g4 methyl-5 %oxazolyl
benzene in 11, T4-tioxane] with a Packard Irqurd SCl trIIatrons ctr eter

The same homo enates were used for nucleoside transdeox rr hosjdase assa s
Temperafure was 38°. The method was that described by Mc utt (1955) excep
that radroactrvr dy rather than mrcrobrolo ical assay was used o measure the
quantit uct rn the eluted spots. The amount of thymidine formed was
measur from water chromatograms as In the thymidine phosphorylase assays, ang
the fate of the reactants was analysed also from chromatograms developed with
water-saturated butanol and with isobutyric acid +water +ammonia (198 ml,
isobutyric acid+ 100 ml. water+ 4-5 ml. NHZOH mixture).

RESULTS

Growth and thymine |hcorporat|on The thgmrne defrcrency of the amrnopterrn
mutants was aIIevrated only by t¥mrd late, thymidine, and thymine, Neither
thymidine triphosphate nor any of the’ other eoxgrrbonucleotrdes deoxyribo-
nucleosides, ribgnucleotides, ribonucleosides, or free bases will replace these com-
pounds. Nor will folic acid, leucovorin, riboflavin, B12 or methioning, added singly
or in combination.

Froure 1 illustrates the high thymrhe requrrement of a typical aminopterip-
selected auxotroRh Aworoxrmate 25fig. t %mrneml Was Necessary o sustain
maximum growtn, and most of the thy mrne re arned Inthe culture filtrate. At low
thYmrne concentrations, for instance 5frg ml,, t ecuIture increased somewhat in
cell number, then underwent thymine-less death, and most of the thyming remained
in the filtrate. This s in contrast to strain 15¢_which in Zfig. thymine/ml. showed a
normalgrowt curve and ure degl 109rganisms/ml. Aminopferin-derived auxotrophs
such as trarnst23and 151 rapidly converted thymidine to thymine; diphasic growth
by thymidine cultures was a manrfestatron of growth actuafly in thymine. Thymi-
dylate was the best source of thymrne for the aminopterin-deriv d auxotrophs;
growth was | notdr hasic, and the Cell yield was usuaII 8 qood as with strain 15t .

Fig ure2| ustr tes thg}mrne -less déath and the lack of DNA'S nthesrsb strarn
151|nteasenceo mrne A eroqenes train t23 reso e rewrse
thymr &ate synthetase Was detected with either mutant 2). Moreover

gpersona communrcatron) cultivated both bacterra rn D0 wrth
th mrdylate then transferred them to HA Iackrng thymidylate for 1hr, and
observed onI one band from extracted DNA the analytical centrifuge.
Ar}_o entl te rfan (!\tAwass nthesized.

mrne eath by strain 15-1 occurred in 5fig. thymine/ml., DNA
synthesrs okplace Observern gBthatthe rates of DNA synthesis and thymine

2]_ G. Microb. xn
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meorporatlon became identical, but were less than the rate of mass increase;

the initial th lene Uptake by strain 15-1 and 15¢~ was

rOX|mate

the same: and that
doubled in call number before thymine-less death ensued, These

that
15-1

o servattons ead to the idea that the poor growth of strain 15-1 in low thymine was

not due to defective permeability, Strain 1

NN onded the same n 5t|g1 thymine/

ml. whether the inoculum was ‘thymine-grown {%369 ml.) or thymidylate-

rown

(6/¢g./ml.) Decreasing the temperéture from 3° did not imgrove growth, but
109:
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|g Growth ofAerobacteraero enes strain t23 in liquid minimal medium. O —
004 J;mole (51 |? ‘ymlne mL é% ------------- , 0-2/;mole (25f(7;) thymine/ml.; A
------ -, 004 /¢mofe 69 h% thymt ineiml.; A— - 0-2 ymole (48f|g)thym|d|ne
1] P molé (2-7fig.) thymtdyltc acid/ml.

th 2 Response ofEscherichia coli strain 15-1in liquid minimal medium lacking thymine.
did dela thymtne -less death for severaI hours. The rate of thymine mcorgoratlon

bystrat (I %he% was the same as by the parental strain“15 an (?h/

a|n 15t

less than erate of growth  Contrariwise, stratn
c0 I:oorated thymine at’a rate equal to the growt rate (F
iqure 5 illUstrates the response ofstratn 5 in 30

e three mstances the rate of thgrritsne mcorlpor%trt]
ta b

d 15t~-3

vertant
was much

31n-

th mme mI Note that

|
mine uptake plateau preceded a doubled u ta9<e reflected by diphasic
%rowt and break in DNA synthesis. Strain 15¢. aso showed diphasic growth in

(ih thymine concentrations; but to a much smaller delgree
n th}/mldme the double mutants and strain 15¢-
contras to the poor thymidine incorporation p

a readg IC|ted nd led’to an investigation of t,he enzymes involved'in thymidine

metab

ew equally well. This is in
the pdrental strains (15-1 and t23)

Thymidine phosphorylase. Straing 15 and 15¢~ were cultivated in minimal
8 8 m"moles/ml. (0-25/;c./ml.) tritiated thymidine at an initial

medilm containin

l;g./ml. DNA
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cell density of 5x 107ml. After the mass had increased five-fold, requmngZ

strain 15 had converted 80% of the thymidine to thymine and strain 15¢_ had
converted 85%. . Strains 15-1 and 15t~ (10s orgarismsiml. buffer contammg
28 m/imole/m|. tntlated thymidine) converted/ml respectively, 6-2mi/mole an
54 mfimole thymidine to mmeater min., and 19 m/miole and 17 m/imole
h}(mldlne to thymine after 30 min. Although there was apparently no relationship
between thymldlne phosphorylase activity and thymidine incorporation, the study
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Fig. 8 Flg 4
|tg 3. Response of Escherichia coli strain 15-1 in liquid minimal medium contalnln?
(4-4ic.) tritiated thymine/ml, | --semememmememees thymine incorporation by E. coli

straln l5t under identical conditions giving normal growth,

Fig..4. Growth and thymine incorporation by various Escherichia colj strains_in Ilgmd
minimal medium coritaining 5f|g (0 74/t,) tritiated thymine/ml. Stram 1
O growth, Ao e lene Incorporation. traln 1516 ¢ e
g\rowth | e e , thymine incofporatign. Strain 15¢ -3: 3 ---seeeeecees growth :

----------------- hymine Iricorporation, Straln 15t -3, but wnh the thymlne added
after 2hr of | ro otrophic growth (at arrow): (>— --------- , growth; Aeseeeeeees
thymine mcorporatlon

was, nevertheless, extended to include cell homogenates to determine whether
enzyme inducibility qeported by Rachmeler, Gerhart & Rosner, 1961, for proto-
trophic Eschench|a C0 |)wasaproperty of thymine-less E. coli. Table 2 summarizes
the results. Th%/m|d|ne osphor laseactivities of the mutants fell between the ex-
treme?]estabhs ed.h wddt rams Ofs malmtgrest is the identical thymldlne
posp orylase act|v m|ne rowna tym| Ing- ?rown strain 15

The reaction In the reverse d|r ction was weak. Dialysed homogenates from
strains 15t~ and 15-1 were compared: 0-5 ml. was mixed 10 a volumeof 1-2 ml. in
buffer containin 24/ mole g4/tc) tritiated thymine and 10 /smole deoxyribose-
1-phosphate at 33° assa dafterland Ohr|ncubat|on Strains 15¢_and 151
formed, respecdveg moe and ethym|d|ne/m homogenate
%oﬁem after 1hr, and 0-09 Cmole and 0092f¢mole thymidine/mg. protein after

g

21-2

fig. Thymine incorporated/ml.
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Nucleoside transdeoxyribosidase and drhydrofolrc reductase. The transdeoxy-
ribosidase assays were carried out as described above exce?t that 0-5/;mdle
deoxyriboside feplaced the deoxyrrbose -1- Phosp ate. Incubation was for Lhr
and, “in some experiments, for 6'hr. No nxmr ine was formed with deg
adenosing, although spots on the chromatograns appeared at the adenine posrtron

10° 103

Lo11oraald

Organism/ml.

10?

T T T7TT]
Mass (nephelometric)

Lol

107 10 L ' ' L 01
0 1 2 3 4

Time (hr)

Fig. 5. Response of Escherichia coli strain 15-L in liquid minimal medium containing
30 /9. (4-4fic.) tritiated thymine/ml.

Apparently the su%ar mojety was removed but not transferred to thymine,. More
OVer, no measurable thy mrdrnewas formed with deo guancsrne or deoxycytidine,
The onlg measuranle thymrdrne formation_was wrt eoxyurr Ing; stfain 15t
formed 0-08 /;mole thymiding_and strain 151 formed 0T0 7;mole thymiding/m g
homo enate protern in Lhr. Thus the difference in thymine rncorpor tion did not
re ec adrﬁerencerntransdeoxyrrbosrdase activity. Further, nocorrelation between
di Ev roorc re ductase activity and thymine incarporation was observed Table 2).
ect of geoxyribonucleosides and ribonucleosioes upon growth. Although de-
oxyurr rne did not replace thymine, it ajded in its utilization gFrg 6e? The” effect
upon asrcgrowthwasto rncrease the frrstgrowth Phase The efféct also occurred
on t¥] idine-grown cultures. Deoxycytiding was the only other deoxyriboside
with these properties, but it was less effective (Fig. 6)
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Yeast extract (0-2%) In plating agars containing thymine gave low yields
whilst those agars containing thymiding yielded numbers in agreement with micro-
scornc counts.” Plating agars without yeast extract, for example minimal agar,
yielded identical numbgrs whether thymine or thymidine was used, and the numbers

Table 2. Enzyme assays on cell homogenates
Thymidine

hosphorylase
. . _ (n?/unoFie th)glmine
Dihydrofolic Thymld%/Iate formed/mjni./mg.
, re%{uctase synthefase protein)
(niffmole substrate  (m/tmole fubstrate formmemrmemnee P oo — e
Homogenate converted/min./mg.  converted/min./mg. Thzvmme- Thgm|d|ne-
from Strain protein) protein) grown cells grown cells
Aerobacter aerogenes
nete 418
t 4-6 0-20 - -
i L
123s 46 00 - -
£23- — 0-23 - -
t23n-7 - <003 — —
Escherichia coli
15 30 0-37 14 120
151 36 00 46 120
1518 — 00 20 80
15-1-1 — 0-35 _ —
15t- 31 00 65 65
15t--3 - 010 and 0 04* — —
15t--6 - 0-36 - -

* Prototrophic growth and growth in 5/ig. thymine/ml., respectively (see text).

agreed with the microscopic count. The inhibitors in yeast extract may be certain
ribonygleosides. Onminimal a?a_rcontamm thymine, cytidine and uridine decreased
the_efficiency of plating of strain t23. Thé colonies that develog_ed were relatively
resistant to Inhibition by yeast extract with thymine. (Adenosine and guanosine
were less inhibitory than cytidine and uridine.)” L

Cohen & Earner {1956, 1 78 observed that ufacil and cytidine inhibited growth of
strain 15¢- . Strong inhibition by uridine and cytidine was Unique to the aminopterin-
derived mutants; the low th[ymm_e requirers %double mutants) derived from them,
like strain 15« _, were relatively resistant (Tabic.3). The sameresponse occured though
t0 3 lesser degree, whenyeast extractwas sybstituted for uriding or cytidine (Table 3).

lievertants. Heavy sFedm of the th mlne-Ies% auxotroﬁhs on minimal agar (no
thymine) permitted-collection of revertants to thymine independence. These were
streaked fo ensure purity, and stock cultures Vere prepared on minimal agar.
Aerobacter aeroqenes Strain 123and Escherichia col strain 15-1 gave rise to revertants
Indistinguishaple from the respective wild t¥pes, growing normally in minimal
medium’ and mcorporatm&thymme oorly. These Tevertants are represented In
Tables 1and 2 bkl strains £23-1 and 15-1-1."The A. aerogenes double mutant, strain
t23B, gave rise fo revertants of two classes. The majority were mdlstm%mshable
fromawild type. Afew, represented by strain 123b-7, increased in mass at the usual
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rate in minimal medium, but increased in numberverg slowly, the number of viable
elongated organisms attaining only 109ml. Growth was normal in l/|?. thymine/ml.
Tr{x/m|dylate synthet_ase activity was measurable but very low (Table 2f

. When” Inoculated into minimal medium strain, t23A Underwent an immediate
increase in mass as the cells eIonPate. This continyed fcr 3-4 hr with no_ loss in
viable count, sometimes with a slight increase, and If the medium contained no
added thgmme a sharp decrease of viability then took pace. But if the medium
contained 1/fg./ml. thymine, the culture ‘récovered’ after a slight loss of viability

Table 3. Inhibition of growth in thymine b Pyrimidine ribomicleosides
and by yeast extrac

Titre on thymine-  Titre on thymine-  Titre on thymine-

yeast extract eytidine-minimal  uridine-minimal
agarftitre on agarftitre on agarftitre on
Strain enriched agar enriched agar enriched agar
15t~ 1% 10" 3x 10" 5x 10°
15-1 3 X10“ 1x10" 4 x10“
15-1B 1x10-* 4 X 10 2 x10“
150 T" 2 x 10° 1X10° 1x 10"
CT~ 8 X10-1 8 X10“ 4 x 10"
t23 7 X10-* X10“ 1 X10¢
t23B 3 X10* X 10 3 X10“

The composition ofenriched agar and minimal agar has been given. Chymine-yeast extract agar is
enriched agar in which 25 fig. thymine/ml. has substituted for the thymidine. Cell titres on
enriched agar and on thymine-minimal agar were identical and agreed with microscopic count,
Cytidine and uridine concentrations were 2000 /tg./ml. and 200 /tg./m|., respectively. Enriched
agar plates were incubated overnight, minimal agar plates 3 days.

and normal growth ensued. In 5/ig. thymine/ml. the 3-4 hr lag did not occur; the
culture grew normally_from the Outsét. A very slight th¥m|dylat_e s¥nthetase
activity Was detected (Table 2). New single-colony isolations trom Strains 123A and
t23B-7 yielded cultures with identical traits. , _

Reveftants equivalent to strain t23B-7 were not isolated from the Escheri-
chia coll double mutant strain 15-10. All revertants from the latter strain were
|_nd|st|n9ulshable from the wild type, showmq the low ram of thymine incorpora-
tion, Strain 15¢~ Yielded revertdnts of two Classes. The maj_ont%, represented by
strain 15¢~-6, were |nd_|st|nﬁ1mshable fromthe wild t%/ge, possessmgt e samethymidy-
late s?/nthetase éiCIIVI'[ able 2), manifesting the same low fate of tty Ine In-

ation, an n 00

corpo Incorporating approximately the same amount of exogenousl
supglled thymine/cell (Table % A few revertants were unusual; they had attri-
butes in common bath with th

wild type and wjth the auxotrophic P] rent.
Figure 7 shows_ the growth of revertant strain 15¢_-3. In dearth of thymine
growth was diphasic, whilst in 1/tg. th mme/ml._%rowth Was continuous. The culture
was pure: (1) re-isolations yielded cultures with identical characteristics, and (2) the
culture described in the figure, after ov_ermght incubation, Served as noculum for a
new culture which then“underwent identical sequential growth. Affer several
months’ storage at 5° this revertant lost its d|RhaS|c growth characteristic. Now |t
grows equally well with orwithout thymine. Wnen thymine was present, however, it
Was incorporated at the same rate as'by strain 15¢_(Fig. 4). It is as if the normal
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control, which mutually excludes efficient thyming incorporation and high th?/mldly-

|a'e synthetase activity, were partially lost, aIIowm% the organisms to adjust freely,

in the most economical manner, to either auxotrophic or prototrophic growth,
Crawford (1958) described a revertant (15t~r) which incorporated abdut 30 times
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Fiq= 6., Effect of deoxycytidine and deoxvuridine upon growtil of thymine-less bacteria
InTiquid minimal mediuf. ~ O--------- | Escherichia coli Strain 15-1 in 5 /;g. thymine/m|.
along; 3 ---ememeeeees ,E. colistrain 15-1 in'5 fig, thymme/ml.zplu_s 50 fig. deoxyufidine/mi.;
Ao , Aerobacter aerogenes, strdin 123 in 25fig. thymine/ml. alone:
[\ e A aerogenes strain't23 in 25 fig. thymine/ml. plis 100%ig. deoxycytidine/

---------------- . A, aerogenes strain "t23 "in 25fig. " thymine/ml. plus 100 fig.

Fig.. 7. Growth of Escherichia coli strain 15t -3. All curves, represent assays.in liquid
minimal medjum lacking thymine except curye ¢ ------—----—-where growth was in liquid
minimal medium containing 1tig. thymine/ml.. All viable counts Wwere determined with
the usual thymidine-yeast éxtraCt agar except in curve I ------------ where minimal agar
lacking thymine was employed.

the amount of thymine as did a wild-type strain SStrain 151 and about one-fourth the
amount as the Iﬁ) rent (strain 15t~). He did not assay for thvmidylate synthetase or
(%g:nge growth, but it seems likely that his revertant is of the same class as strain

DISCUSSION

Possession. of thymidylate synthetase and ability to mcorgorate £X0genqus
thymine are independent'traits, but tend to be mutually exclusive. Bacteria which
00SSess %ood th;r1 Idylate synthetase actmR/ incorporate thﬁ/mme_ oorly. Indeed,
varioys dlevices have been stiggested to enharice thymine or tymidine incorporation
by wild-type Escherichia coli(See, for example, Boyce & Setlow, 1962). Thymine-less
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mutants derived by the aminopterin method gor example, strain 15-1) retain the
poor thgmme Incarporation characteristic of the wild type. However, from them,
presumably as the result of a second mutation, strains with more efficient thymine
Incorporation (for example, strain 15-1o) may be selected. The most sfriking
feature of the u.v.-derived I or, viewed in relation to the wild tgge and espemallr in
relation to the aminopterin-derived mutants, is not its Jack of thymidylate
synthetase, but its exceptionally efficient thymine incorporation. Either 15t- is a
ouhle mutant also, or it arose as the resulf of a quite different mutational event,
Strain 15¢~ differs from strain 15-1o and other double mutants: its growth. is

sustained in lower concentrations of thymine, its thymidine phosphorylase acivit
15 the same whether It is thymine- or th nudme-grown, and it yields a unique class of
revertants, Whilst the usual revertants simultaneously regain thymidylate seynthe-
tase, activity and lose the ability to incorporate thyrm e eff|_|entI?/, somé from
?Harlr? n195t~ regain thymidylate synthetase but still retain the ability fo incorporate
Ing,

Poor incorporation of thymine cloes not seem to be caused by defective perme-
ability because growth is initiated at low thymine concentrations. The following-
facts “are (gertmen,t.,G[ovvth 1S |mP_ro_ved g deoxycytidine and deoxyuridinie
Fig. 6).. Growth is inhibited by cytidine and uridine;”strains 151 and t23, in-
fficiert incorporators of thyminé, yield a thousand times fewer colonies in presence
of cytidine or uridine than their respective double mutants and other strains which
Incorporate thymine efficiently (Taple 3{). Moreover, high concentration of thymine,
In its turn, disturbs growth ; not only for strain 15-1 (Fig. 5), but also for strain 15¢-,
though, significantly, to a lesser degree. It s as if thymine metabolism and,p)(n-
midine ribonucleoside metabolism at some point interfere, ang much more so in the
aminopterin-derived mutants 151 and t23. Poor thymine incorporation by 151
can he visualized as due to an endogenous inhibitor, the concentration of which can
be increased with exogenous cytidirie or uridine and decreased or overcome with the
respective exo%enou_s deoxvribonucleosices or with thymine at h|%h coneentration.
The Improved thymine incorporation ac?wred by mutation of 15-1 to 15-1s can be
visualized in either of two ways: (1) There are two routes to DNA via thymine, one
sensitive and the other relatively resistant to the _endo%enous inhibitor; the mutation
represents a switch from the sensitive to the resistant route. (2) There is one route
to DNA; the mutatign represents a reduction in the ability to accumulate inhibitor,

Breitman & Bradford (1961) sug?ested that the moreefficient incorporation of
thymine by some auxotrophs is du€'to a greater production of deoxvriboriucleosides,
a O\I\ilr(I]g 0 rlbf)se fransference tf thymine "via transdeoxyribosvlation and/or
couplea” deoxynucleoside phospnorylation mechanisms’. _

Although révertant strains t23A and t238-7 (Table 2) may be considered ‘leaky’
there 15 no evidence for [eakiness in the aminopterin-derivéd auxotrophs 15-1 and
123, T_hym|d%/late synthetase was never encountered. Nor was ‘synthesis of
DNA in“dearth of thymine detected, either by the Dische reaction F|gz. J),.or
Iy' the methog Hsmr%_D%D. Furthermore, these bacteria, in dearth of thymine
|1q 2) respondeq similarly to 15¢-~. o

he aminop erm-?enve auxotrophs represent a distinctive, stable, and r$mar_k-
ably uniform class of thymine-less bacteria. They emphasize the uniqueness of strain
15t , and also the dual differentiation from the Wwild type possessed by their double
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mutants and b}( strain 15t \ Further they |IIustrate well that thymine-less death
may occur in resence of th Iymlne ugta e and DNA synthiesis. This [atter
circumstance may De useful to select between two current refresentations of thy-
mine-less death:”(1) unbalanced drowth proposed hy Cohen & Barner (1954);
(2).mistakes n attempted DNA synthesis as proposed by Maaloe & Hanawalt {1961).

The aminopterin-derived thymine-less bacteria grow very weII in thymid ate a
stnktnq difference from their” poor growth in thymidine and thymine. The th t/
midylate is dephosphon(lated probably at the Ccell surface S|multaneously With
Incar orat|on of the resulting thymtdtne Exogenous th%mtdtne on the other hand,
1S ra ial 3/ converted to th mine, Apparen &y( the p osg hate moiety preserves
nucleoside structure, Lich enstetn arner Cohen (1960) proposed separate
routes for the utilization of deRhosphory ated nucleotide and exogenous nucleoside.
The |neff|C|ent converslon of tnymidineand thymine to DNA by the aminopterin-
derjved auxotrorp s described Herein would thas appear to be uniquely associated
witn the latter route.

The author is_indebted to Dr E. Yalkin for heIpfuI d|scus3|ons on pyr|m|d|ne
metabohsm to Dr W. E, Cohn for advice in paper ¢ romatograp X to'DrD. G

Doherty for gr I\ﬁ)anng the tetrah%/drofohc acig used in thymi yI te synthetase
assays, and t0 Mr L ranktn rsktlfu assistance earl |nt e work with the
many drowt studies, The author thanks Professor S. Cohen Universit
Pennsylvania Medical School, Dr R. B. Setlow, and Dr R. Curtiss for cri |caI
readings which led to improvements n the manuscript.
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SUMMARY
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INTRODUCTION

Increasing importance is currentl¥ being %rven to the base compositions of
deoxyribondicleic acids SDNA) 8 a usetul adjunct to taxonomic studies ( ee Marmur,
Falkow & Mandel, 1963 for a recent review), Organisms of the Order Actinomy-
cetales so far studied_all possess DNA rich. in guanine + cytosing (GC; Table 1),
However, these datg include no thermophilic actrno Xcetes Here we report the
base composttions of DNA from five thermophilic actiomycetes: three had % GC
vatlues in the range of those given in Table 1, but two possessed very different base
ratios

METHODS

nrsms The strains of actinomycetes used | rn this study are Irsted in Table
% r wrh therr tem eratur? réquirements for growth, Mor ological an
Q/sroo ical characterization of strain 5 (Thermomonospora sp.) sre orted
raven Farina (1963 and Krrster & Locel 1963 those of strarns herm
monospara. sp l)1an 11 (a thermophili¢ Stre tos ora %num ) ly raverr Mana
chini 1965% 0se ofstrarnsGan 10 gboth ermoactinopolys oasg ZCraverr
Przanr 2). The genus Thermoacti opog lSr)ora I considered to be Closely related
? enus Th?rmo olrsr%ora Henssen, 1
Cultivation of organis ultivation teniperatures and media used for each
strain are included”in Table 2. All strains were grown in two stages on a
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Table 1. DNA bage compositions within the genera of the
Order Actinomycetales

Number of
species
Genus examined % GC range References
Mycobacterium 3 66-72 1,2
Nocardia 4 68-5-72 1,3,4
Streptomyces u 67-74 1,3,4,56
M icromonospora 1 12 1
Actinoplanes 1 73 4
Streptosporan?mm 1 68-5 4
StTeptoverlicillium 1 67 4

Belozersk ugaeva & Spirin, 1958.
Marm re¥at 9% P

1
2.
3. rontaretat 1965 %buo%/antdensrtydata Tin data yrelded vaIues ug to 78-5% G
4. Jones &Bradle m.val uesonl_?/ﬁrven In this paper; % GC obtained byextrapolatron
a manner srmrlarto that 0fS|Ivestr|& iM (1965), taking E. coli = 50% GC).
5. Marmur & Doty, 1962,

6. Sehildkraut et &t 1962.

reciprocal shaker. Myceliawere collected by centrifugation after 10-15 hr growth of
Sl%%%nd stage cultures, thus facilitating subsequent fysis (Frontali, Hill & Silvestri,

in

Preparation of DNA specimens and Tm determinatiops. The procedure of Marmur
51961) was used, lysis of the mycelia being achieved with lysozyme followed by
odium lauryl"sulghate, Final isopropanol DNA precipitates were dissolved in a
soIvent contarnrn (0L m-PO&-+0-00Lm-EDTA, pH 6-8, specific conductance
- eItrnE temperatures Sng) of DNA reparatrons were determrned
as descrrbed Prevrousltrg ?ntalreta 1965) and % G alue%ca ulated accordrnq
to the equation (moaified from Marmur&Doty, 1962, for the phospnate solven

used here): Tm
Determr)natron of buoyant densr?g (prt valugs. CsCl buoyant densrtti runs, lasting
20 hr at 42,040 rev./min., were made in a Spinco model E analytical uttracentrifuge:

Table 2. Organisms, temperature rerl |rements for growth and media
used In the present work

Temperature requirements

Cult.
Opt. temp.  Culture
Namef 3r temp. (°) 00c () medium?
Thermomonospora Sp. Growth 45-50  Nogro*vth 47 Ter/1 Suppl.
Thermomaonospora Sp. No growth  55-60 Growth 5 CPL

Thermoactinopolyspora sp. Growth 45-50  Nogrowth 47 Ter/l Suppl.
Thermoactinopolyspora sp. Growth 45-50  Nogrowth 47  Ter/l Suppl.
Streptosporangium sp. No growth  50-60 Growth 52 CPL

* Number in the collection held it the Istituto di Microbiologia Agraria e Tecnica,

t Accordrng to Craveri & Manachini (19653
t i Tetrl Sluppl Sogla flour, 59.; unrefined maltose, 20 g.; yeast extract, 2 g.; peptone, 10g.;
ap water

pCPL Meat extrac . yeast extract distilled water, 11; pH 7-2; supplemented with
peptone (1Sg)forstra|n "ot Tryptone (10 gg) for strain 11.

=
=e o
Poo—on 5
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Bacteriophage LP7 DNA was used as reference (1-740 g./cm.d, % GC was calcu-
lated from Dp according to the equation: p = 1-660+ 0-098(GC); (Schildkraut,
Marmur & Doty, 1962).

RESULTS

Tm values and calculated % GC values of the DNA preparations are given in
Table 3. The Tm values for bath, Thermoactmopo{yspora sp. and for one Thermo-
mongspora sp. (Strain 5) fall within the range of Tm values, in the same solvent,
prrewously reported for mesophilic streptomycetes (79-5-81 -5 Frontali et al. 1965).

he other Thermomonospora sp. (strain 7) and the thermophific Stre tosPoran um
Sﬁ., both of which have hlgh_e temperature requirements and tolerance for growth
than the three previous strains (Table 2), gave much lower Tm values.

Table 3. Tm, buoyant density and % GC values of the DNA preparations

% %%

No. Name m (°) fromGFm g.‘ch.S fron%

5 Thermomonospora sp. 19-7

pora 5 195 739

I Thermomonospora sp. 67-3 43-8 1-703 44

6 Thermoactinopolyspora sp. 81-0 714 — —
10 Thermoactino QI% ora sp. 19-71 74-1 — —
il Streptosporangium sp. H%{i 53.7 1-708 19

Notes. Tm measured in 001 m-P043-+ 0-001 m-ED
r%oaratlon; b two DNA preparations. % GC values
EG (modified from Marmur & Doty, 1962). p valu
NA = 1-740 g./cm.3; % GC values (col. 6) calculate
et at. 1962).

Since this result might have been due to the presence of an unusual base in the
DNA, su_bsUtutmg for'either adenine, thymine, guanine or cytosing, the two DNA
P_reparatlons weré further examined for their buoyant density in uIt_racentnfu?a-
lon, These results are also included in Table 3. The buoyant density result Tor
strain 7 confirms very closely the Tm result, whereas the difference 0f 4-7% GC
between values calculated from Tm, and from buoyant density for strain 11 is
comparable with the systematic differences previously observéd (Frontali et al.
1965). Both Tm and huoyant densﬂX values indicate thiat these two DNA prepara-
tions had unusually low”GC contents relative to the three thermophilic actino-
mycetes and other members of Actinomycetales.

DISCUSSION

The present results raise.a series of questions about the phvlogeny of thermo-
actinomycetes and the universality of the genetic code, . It'is generally accepted
that bacteria with widely differerit DNA base compositions are phylogenetically
heterogeneous (Marmur etal, 1963; Sueoka, 1964: Silvestri &Hill, 19 g Accordmg
to this view, Incependent origin from the other actinomycetes would be postulate
for the two fhermoBmhcs}rams fovnd here, from Tm an Buo ant density measure-
ments, to possess, DNA of unusually low GC content, and they must consequently

0

represent a striking case of morphological evolutionary convergence. We have

—

p~
S-
ST

two determinations of the same DN

. 4) calculated from Tm = 49-3+0-41

."5) relative to bacterlopha%_e LP 7.
p = 1-660 + 0-098(GC; Schilakraut

C

o R

I

o
=
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recently described (Silvestri & Hill, 196_5} another situation of morpholggical
resemblance between hacteria with very different DNA base comg3)05|t|o s._(Gram-
Posmve catalase-positive cocci had base ratios either in the range
he range 69-75% GC. However, it was not difficult to imagine'that morphological
convergence had occurred and that the coccus form, the most simple of morpho-
logical “forms, had been a_c%uwed independently bg hacteria of diverse origin.

oreover, taxometric studies had also revealed”two distinct groups (Hill, 1959;
Hill et al, 1965), which corresponded to the base-composition %ro_u s. T0 propose
that strains 7 and 11 are of independent origin from the other actinomycetes, and
have come to resemble the latter throu?h morphological convergence, meets with
8reater difficulty in view cf the greater morphological differentiation of such
rganisms. Moreover, Weed (19632, Gause et al. (1964) and De Ley. (1964? claim o
haVe found induced. mutants of other bacteria with DNA base ratios different gl_n
SOIMe Cases W|§emsd|ffere_nt) from their &arental strains, thus sug%estmﬁ; the possi-

1-36% GCor In

bility that organiisms with different DNA base ratios may have, nofietheless, a
common origir, _ o _ o
From the morphological and Physmlo?mal characters taken into consideration by
taxqpomists of actinomycetes, the two thermophilic strains of low GC content are
similar_to correspondirig mesophilic strains (Craveri & Manachini, 19652_. This
3|_m1Iar|t}/, together with considerable differences in DNA base composition, is
difficult to undlerstand in terms of the universality of the Benetm Code, %et may find
an explanation in terms of the degeneracy of the code. DNA base compositions of
70-75% GC on the one hand and 45-50% GC on, the other, su?%est that the
proteins must also be very different. Thus it is surprising to find identical structures
of such refatjve complexity as the frumn% bodies of actinomycetes. However, since
the code is degenerate (Crick, 1963) the hypothesis could bé advanced that, in the
case of strains 7 and. 11, more AT-rich triplets have been selected to code for the
same or similar proteins than are coded for by synonymous, but GC-rich, triplets in
other actinomycetes, This hy[%othe_sls could be tested exgenmental.lg by comparing,
proteins from both these the o_ph|I|cact|nomYcetes and mesophilic strains.”
Another mterestmg question is whether the Tow values of % GC found for strains
7 and 11 are copneCted in some way with their greater thermophily (Table 2)
for it Is interesting to note that two other thernfophilic bacterial Species have
also, heen reporte to_ﬁ)ossess DNA base. ratios similar to those found here for
strains 7 and 1L (Bacillus stearothermopnilus, 44% GC, Marmur & Dot¥, 1962;
%%ndlum nigrificans, two strains, 45% GC, Saunders, Campbell & Postgate

We. thank Professor F. Graziosi (Laboratorio Infernazionale di Genetica e
Biofisica, Naples) bg whose courtesy the ultracentrifuge runs were made. Miss
A. Ugge gave invaluable technical assistance. This work ias Parually supported by
Asse%nazmnen . 04/130/5/1298 of the ConS|PI|o Nazionale delle Ricérche. Publicd-
tion no. 17 of the Progetto Sistematica Actinomiceti.
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INTRODUCTION

The pathway leading to the synthesis of carotenoids is far from being com-
IeteI)A unders ood It has been ‘suggested that since two molecules of farmesvl-
h osp ate form squalene two molecules of geranYIgeranyIpyro
0Sp ae coud give rise to carotenoids (C4). Similar” reactions to those
occurrtn urtn%s ual ene formatton may take glace terminating In the formation
coPersene s, CAhomol oFue Lycopersene drogenation could gtve [ise
0 gh}/ oene and finally carotenoids. In sup or of thts rob & Boschetfl (1962)
identitied Hco(hersene In Neurospora cras%a ut [ater Davies, Jones & Goodwin
1963) could not find this compo nd even though they worked with the same strain.
oreover most workers have failed to demonstrate the presence of chopersene n
nature, e, Mercer, Davies & Goodwin (1963), Beeler, Anderson & Porter (1963),
Anderson & Porter 519623 and this has Ied 0 an aIternattve S fggestton that the
formation of phxtlo ne occurs directly from two molecules o Heran loera a{
Ryrophosphate ore recently, however, Nushaum-Cassuto & Vifloutréix (1965)
avetbeen able to obtain as much as 50fig. of Tycopersene per kg. of fresh whtte
carrots
22 G. Microb. xli
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As regards the subsequent production of carotenoids from the Cprecursor there
are two"general ha/pothese_s. Porter & Lincoln (1950) have proposed the foIIowm%
pathway"of dehydrogenation from phytoene, based on the results of a study o
various tomato Crosses:

Phytoene -> Phytofluene -> ((-carotene -> neurosporene -> lycopene.

At that time, the exact structures of the intermediates were not known, hut more
recently results obtained by Anderson, Norgard & Porter (1960) feeding [X4C]
mevaldnate to ripening tomatoes have gwen support to_ the above pa waY.
Further, Beeler & Portér (1962) showed that preparations of tomato plastids could
convert gha/toene to phytofluene. Earlier Zechmeister & Koe &1954& had reported
the isolation of certain' cyclic carotenes as.a.result of the dehydrogenation of
Ph toene and P_hytoﬂuene_ y 1V-bromosuccinimide. There seems to e miore support
or the formation of cyclic”carotenes through neurosporene rather than through
lycopene since the intermediates a- and /J-zeacarotene have been, identified in

aize gPetzoId Quackenbush & McQuistan, 1959I), In R_hodotorulagluﬂms ﬁlmpson,
Nakayama & Chichester, 1964) and"the structure of /j-zeacaroteie determined by
Riiegq et al. (1961). The propoSed scheme is as follows:

torulere -> torularhodin
[J-zeag&rotene -> "/-carotene
Neurosporene/ p-carotene
 a-zeacarotene -> i-carotene -> a-carotene

In fungi, however, an alternative hypothesis to that of Porter and Lincoln has
been proposed, viz. that the CA) golyenes could be derived independently from a
commion precursor. Goodwin (19 22 working with Phycomyces blakesleeanus, first
suggested this when he reported that /J-carotene was riot formed at the expense of
thé phytoene series. Later, preliminary inetic work by Goodwin and co-workers
(Davies, Villoutrerx, Williams & Goodwin, 1963 suggested that /J-zeacarotene,
thtoﬂuene, é-carotentiga%nd neurosporene were formed from phytoene. Results
0 alokar

biained bg lok 4% with Neurospora crassa under differént copditions of
Il_ghtltand xygen In which ((-carotene, neurosporene and lycopene all appeared
simultaneously

suRport this second hypothesis, _ _ _
Mutant studies have been useq b¥ several workers to exeimme the b|05ﬁ/nthet|c
athway of carotenoids in certain fungi. Bonner, Sandoval, Tang & Zechmeister
19462 investigated seven u.v.-induced mutants of the red yeast Rhodotorula rubra
and their results are consistent with the first (Porter-Lincoln) h_i)ot_hesm.
Villoutreix %1960) worked or. u.v. mutants of another red yeast, R."mucilaginosa,
and concluded that his results could not support the first but'the second hypothesis,
Haxo (1952), with mu ?nts ?f the red bread mould Neurospora crassa; obtained
results that agree e(iua \);welwn both h}/gotheses. L
In preliminary notes, Valadon & Heale (1964, 1965) reported on an investigation
the carotenoids of an orange coloured u.v. mutant (l 5) of Verticillium albo-atrum,
This was apparently the irst record of the simu tﬁneous apgearance of several

carotenoids’ n a Hitherto colourless fungus. In- the present work a number
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of new coloyr mutants have been analysed in order to investigate the biosynthetic
pathways of carotenoid production inthis fungus.

In the study of coloured mutants of various, organisms, changes have been
reparted in the’ balance of carotenqid synthesis, Villottreix (1960) found that some
of his mutants of Rhodotorula mucnagmosa had the same |goment composition but
that the amounts varied. Three mutafts of R. rubra obtained ™y Bonneret al. (1946)
also gave the same P|cture and they found that these mutants,could not be inter-
preted in any simple way. 1t has’been su?ges_ted that the different amounts of
carotenoids may reflect alterations in the mmg of the various syntheses, and
therefore, twq Of the mutants in the present wor

growth period were studied over an extended
wih period.

METHODS

Ultraviolet mutants. The wild-type isolate of Verticillium albo-atrum Reinke &
Berthold used was orlglnaIIR/ isolated from wilted lucerne in Lincolnshire in 1962
The u.v. irradiation was dorie with a sterile distilled water suspension of conidlia in
an open Petri dish at a distance of 20 cm, from a 2537A ‘Hanovia’ bactericidal
tube” model 11 (with ozone reducing filter). An orange-pigmented colany,
designated M5, developed on plates Of complete media spread with conidia
irradiated at a dosage_allov_vmgf for approximately 5% survival. Second-order
mutants were produceéd in a similar manner using M5 as the parent source of conidia
and they were selected by visual inspection of complete medium plates. ,

Extraction and identification of carotenoids. Cultures were grown on Wickerham’s
1951) MYGP liquid medjum on a reulorocatln% shaker af’ 20° in the light, The
|?m nts were extracted from 10-day-old cultures with methanol and transferred
Info diethylether b%/ addition of water. The ethereal layer was evagorat_e_d under
reduced pressure af 30° and then taken Uf in methanol. This was saponified with
60 % aqueous KOH overnight (Goadwin, 95?) and extracted with ethyl ether. The
ethereal layer was washed With'tepid water, freeze dried and the pigménts tak_enuP
in ahout 2'ml. «-hexane. This was then chromatographed on @ magnesium oxide
‘Celite’ column (1+ 1, viv) and deveIoRed bPl washing with increasing concentra-
tions of ether In «-hexane.” In some of the cuftures, the top brown oranPe band was
,strongtlﬁl adsorbed to the powder and could be eluted by 0-5% glacial"acetic acid
In methanol. " A .
The first colourless fraction which was eluted with purified «-hexane confained
sterols, and these weye removed according to the method of Mercer et al. (1963).
Phytoene was identified In this fractjon a/ means of. Its spectrum In «-hexane
~212, 284 ~294 mh). The coloured bands eluted with ether in «-hexane were
evaporated to dryness, %aken up in_«-hexane and the ec%r esUmated_usW a
Unicam SP 500 spectrophotometer, The ansorption spectra of the carotenoids were
also measured in carbon disulphide and in benzene, while those of the fraction
\dentified as neyrosporaxanthin were also measured in acid methanol (1% acetic
a?d% and in alkaline methanol (0-5% KOH}. These were then comparefd with sgectra
ofknown carotenoids and theirprobable natures determined. To identify *-carotene
y-carotene, neo-lycopene A and lycopene, respectweley a pure pigment was mixeq
with the, unknown, "co-chromatographed on activatéd alumina gGo_odwm, 1954%
eluted with ether in «-hexane and" shown to be one and the same pigment whe

22-2
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they ran as one band. In the case of torulene co- chromatographg Was carried
out on a calcium hydroxide column using benzene as develOper and for neuro-
7ooraxanthm 0N a sucrose column using 10 A) methanolmhexane as developer. Pure
[*carotene, ()J(carotene neo-lycopene Aand e{co ene were obtained from Calendula
officinalls SS dwin, 1954): tortlene from Rhodotorula rubra (Le Rosen & Zech-
meister, 1943) and neurosporaxanthln from Neurospora crassa (Zalokar, 1957).

RESULTS

M5 was found to have phytoene, /> y-carotene, neo-lycopene A, lycopene
neurosporaxanthin ang four unidentified bands, two of WhICh were in too small
a uant|tﬁ/ to be identrfied_ further. and two other red and brown bands.

rom the further irradiation of M5 number of secondar C?/mutants were obtained
and five of these (M 5.1 to M5.5) weredlfferently coloured and were analysed with
respect to their carotenoid pigments (Table 1).

Table 1. Polyenes. (Og. [ﬂ) r¥we|ght ) of wild type and mutants of
alo-alr

Verticillium um after 10 days in culture
Appearance
Wild

tg/pe, M51, M52, M53 M54 M55
, calour- Mo, dark-  colour- red-'  brown-  pink-
Pigments less  orange orange  less  orange  orange red
Phytoene 28-4 20-1 12-3 210 18-9 16-7 26-5
[?-Carotene - 23-4 28-6 — 21-2 0-8 24-2
KI Carotene - 66-4 54T - 180 5 66-9 43-3

eo0-lycopene A - 1109 Trace - Trace 24-1 -

gco ene - 1219 257-4 - 128-1 135 _
Torulene - ~ - - - 1950
Brown band - 11-3 15-6 - 24- 26-3 Trace
ed band - 22-4 18-7 - 22-3 18-8 Trace
Neurosporaxanthm - 178-5 255-5 - 201-4 193-0 50

Three coloured secondary mutants (M5.1, M5.3, M5.4) contained the same
carotenoids as the ongmal mutant M5 but in widely differing amounts, One
mutant, M5.5, formed a hitherto undetected pigment, toruléne, Iacked neo-
lycopene A and lycop ene and roduced very little. fieurosporaxanthin. M 5.2 was
ver much li etheW| ty ge |n|ts pol ¥ene content: it was coIourIess containing onIy

¥toeneat3|m|laramou s to that oun inall the mutants and in the wild’type.

he pigments of M were analysed overaﬁenod of 21 days’ growth (Fig. D).

Ytoenewa%estlmated at 2 7f|?fq_ dr Wen%tat sdroR to 4 minimum
of 04| ater18daysandrose 78 ig. at 21 days. "-Carotehe, neo-lycopene A
and tetwo un| entifje éibands were all presenta a coneentration o f;me'
mately 2 8 an did not vary very much qver the erlod studied. "/-C otene
I%coEJene an neurosporaxant In were atam|n|muma ter 6 iays, rose to a peak at

5th day and fel S|I% é 3/ after 21 days. The maximum fo neurosporaxanthln
Was 245- 11f{ ter 1

The plgments ofM55were analysed over 18 days’ growth SFlg ). The phytoene

and /-carotene amounts were very much like those observed it M5, The two un-
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identified bands were present as traces up to the twelfth da% and thereafter increased
sll(rg_htlx 0 apprOX|mateI 4/¢g./P. _Neurosporaxanthin, however, was not found
until the tenth day, and then only in traces, but later this reached a maximum of
25-24 fl%. by the sixteenth day. y=Carotene was fairly hign, 53-70 fig. on the four-
teenth z}y but never as high as in M5 (150 flg. maximum). Torulene was the one
pigment found in large amounts and it showed a similar curve to. that of neuro-
sporaxanthin for M5;"the peak in this case being 221-26 fig. on the fourteenth day.

250

250 —
./l
\ /D
200 — . 200 m]
/l /
" a
b=
A 2 a
150 | //x\A £ 150 -
X/
h >
. LS|
A " 4{3
. X —X 5
LA
100 ‘r// & 100
X
X\x/
50 50 /\x/x
X=X \
| 5 O
= , N
e N -
T A A A /
| 1 1 1 1 1 l 1 1 - | |
6 8 10 1?2 15 18 21 6 8 10 12 14 16
No. of days No. of days

Fig. 1 Fig. 2

Fig. 1. Changes in amounts of the different polyene pigments with age of the mutant M 5
of iVerticilliim - albo-atrum. Phytoene, 0—O0; /S-carotene, 0—0; y-carotene, X —X;
neo-lycopene A, A—A; lycopene, | —i ; neurosporaxanthin, 1 —i .

Fig. 2. Changes in amounts of the different polasene pigments -with age of the mutant
M%.5 of Verticillium albo-atrum. Phytoene, O— O; 7?-carotene, 0= O; y-carotene,
X — X ; torulene, T—1 ; neurosporaxanthin, 1 —1 .

DISCUSSION

The simultaneous production of several carotenoid P|gments by mutant M5, ob-
tained in one steg froma colourless wﬂd-%p_e Verticillium albo-afrum, is mterestm_%
and |ts_|nterPret tion may have some sjgritficance in our understand_m(I; of the geni
re%ulatlono carotenoid Synthesis. It Becomes necessary to explain the complete
anSence of carotenoids in the wild type, and also, since we assume that the mufation
was operative at a single site, to expfain how it could result in the formation of
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numerous pigments in Mp. We sug?est the simplest explanation s that the mutation
occurred at drep ressorsrte whicht unctrons normally In the wild type {o repress syn-
thesrso acarotenor re- cursor P\ Teresultrng loss of actjvity of the repressor
5 thus led to th Rro duction of ‘P’ (de- regressron) which presumably. then
rnduced formation cf the enzymes necessary for carotenoid synthesis, This de-
repression is now known to be readily reversible, since subsequent work has shown
that colourless mutants rndrstrngurshable from wild type and similar to M 5.2
are frequent fl ob tarned by U.v. Irradiation or nitrods acid treatment of M5
conidia (Heale, unpu rshed observation).

The study of M5 over the growh errod was made to establish whether its
sequence of carotenord synthesrs reflec ed the variations of prgment composition
shown by those mutants with a similar pattern of carotenoids, 1.e. M5.1,5.3
and 5.4." If M5.1 is compared with M5 over 17 days when the amounts of
phytoene and /j-carotene are almost the same, one finds that y-carotene Is Jess
abundant 1n M5.1: neo-lycopene A and_ lycopene are more “abundant, while
neuros oraxanthin is more or less the same in'both. The lycopene leve| of M5 over

ar{vlrsneverashrgh asthat of M5.1. Similarly, M5.37and 5.4 can be compared
wrt 5and it can be seen that the drfferrng amaunts, of carotenoids in these
secondary mu]tantts cannot b esrmp % exo lained ‘as being due to alterations in the
se%uence of thelr formation as obse
avres has shown that | copene |s found in_young cultures of lihizo-
phiyctis rosea, while bot )(col&ene nd carotene are found ‘In older cultures
quoted b Goodwrn toruIene appeares to replace lycopene
oun in M5, su estrn that thesetwo carotenor smaly be linked in a synthetic
at way; there | evr ence that y-caratene Is th eprecu sor of toru ene (Kayser &
illoutreix, 1961: Simpson et al; 1964) and hoth lycopene and y-carotene have
neurosporene as their precursors. The Rresence of neuros oraxanthrn rn this mutant
M5.5 Was interesting in that ifs synthesis was marked ?/ delayed, onyappearrngf
after 14 gays. Haxo (1952) obtained a somewhat simifar_result with mutants 0

Neurospora’ crassa which stiowed altered pol ene composition, but in one of tese
there was a complete prqmentbock leading o elimingtion of neuros oraxant In.

|f one accepts the Por er—t;rnconhgtpot esrs onemrght expect th at N é) toene
Is the precursor, rtwoudbe found in| geramountswh n other carotenoids are not
forme for exampe In the wild- type and In M5.2. It seems, therefore, that the
srmr ar amounts of p gtoene in thé wild- t pe and mutants do not lend support to
this hypothesis. However, precursor-pro uct relationships are not aIwaYs reflected
In therr quantities, or even'in the detectapility of the comBounds involved (D. G,
Anderson, personal communication) and o conclusions based o this type of
evidence must be tentative only. On the other hand, the exRected effect was'shown
0 a certain extent by the two mutants M5 and M5.5 (when they were analysed
over an extended pefiod of growth) in that a slight fall occurred rn the phytoene
concentratron during, the syrithesis of neurosporaxanthrn Zalokar (1 workrng
on the hiosynthesis 0 caroten%rdsrnNeuros 0ra Crassa, obtarnedasr rIarresuItan
suggested that phytoene might be the precursor of neurosporaxanthin,

This resear;ch has been aided by grants from the Central Research Fund of the
University of London.
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INTRODUCTION

Previous mvestrgatrons of staphylococcal hacteraemia cases (Jessen et al. 1963)
mdrcated that Sta]p wlococcus auréus strains which did not produce a ‘Tween™
splitting e M might be more virylent than those which did Rroduce the
enzyme ( urt er ‘Investigations, intg factors Influencing this enzyme
produetron by Stagh 0coccus, aureus strains showed that it was possible by Iyso-
genization to’make TW+ strains TW- (Rosendal, BrIIow & Jessen, 1964).

It was concluded, from these experrments that a yso%enrc CONVErsion ook place,
since all colonies mage TW- were yso genic, and loss of the prop a%ecause arever-
sion t “Tween’ positivity. Furthermore, the converting Pr erty 0f the phages was
notmfluencedbythe “Tween ~splitting property of the last strain on whichthephages

wer% é)rorr)a gated,
ges with convertmﬁ progertres were all isolated from TW- strains lysed
onI b%/t g[ %%N wherea tesensrtrvrtr{ to phag e 81 was blocked,” On
enization'the +receptor strains, which dll belonged to phage type 80/81,
ecame TW- and resistant to phage 8L
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. The present survey includes further investigations into temperate phages
isolated from both TW- and TW+ strains belonging to the 52/52A/80/81 phage type
complex {t%pes 80, 31, 80/81, 52/52A/80 and” 52/52A/80/81) and all capablé of
changmg “Tween’splitting propertles of sensitive strains by I%so enic conver-
sion Or Dy prophage substitution of converting phages present in the TW- strains,

N METHODS _ _
lg‘;ween’-sphttmg enzyme was shown on “Tween’ 80/calcium agar plates (Sierra,
o pgyloco_ccal strains. A list of the lysogenic strains from which the phages were
isolated is given in Table 1

Table 1. Phage types of the donor strains and their
non-lysogenic mutants

Phage types Prilsaoge S%%I.

Strain  TW RTD 1000x RTD " lated o pha%e
4724 - 80 52/52A180/47C/52B + A
U724+ 80/81/42BJ47C 9252A[80/81/42B/47C/52B —

Al - 80 52/80/47C + F

a4 80/81 9252A180/81/42B/ATC —

1543 92092A180/81/42BJ47C 92052A180/81/42B/41C/[52 + A
1543+ 80/81/42BJ47C 92052A/80/81/42B/47C/52B —
1132 - 81/41C 81/42BJ47C + B
1132+ 52/52A/80/81/47C/528 52[52AI80/81/54/42B147C/52B  —

1400 - 81/428 81/428 + B
400  + 9252A180/81/42B/52B 29/52/52A/80/81/42B/52B ]

R0+ 52/52A/80/52B 02[a2AI80/52B + A
JCT 52/52A180/81/42B147C/52B  52/52A/80/81/42B '47C/52B + A
1433+ 81 (42B/47C w*) 81/42B/47C/52B + B

= vw = very weak reaction.

From all the TW- strains TW+ variants were isolated with a fnlavquency of about
10"4 (Four-hr cultures grown in trypsin broth with 2x 10 2M-sodidm cirate
added were spread on 10 “Tween "calcium agar plates to give about 5x 103colony-
forming units per plate. TW+ colonies were éasily seen among the great majority of

0nes).
Several ‘other TW- and TW+ strains belonging to phage types, 80, 81 80/81,
52/52A/80 and 52/52A/80/81 were used to mvestigate the Tysogenic effect of the
various phagees. .Some of them were selected as indicator straing for the Rha €s,
Phages were isolated from the strains listed in Table 1, using the chloroform
method of Kjems (1955). They were propagated to a titreof about 109ml. as suggested
Blair & Williams (1961L Their antlgemc characters were determinéd by
ountree’s method, (1949). The phages are designated by the number of their
staphylococcal strain” of origin followed by a prime sign.” Several other P_ha?es
with | s,?gemc proRernes identical to thase ref?rred t0 have been investigated
but details are given only. of one representative of each grouP _
Lysogemzatwn was carried out as described by Rountrge (1959), The Iysogemzed

cultures were tested for resistance to the lysogenizing phage and for phage produc-
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tion by the chloroform method ngems, 19552). Phange groducti_on was confirmed by
applying the replica test (Lederberg & Lederberg, 1952) to living cultures passaged
threé times thro_u1gh medium containing antl-Rhage serum. In invesi atm% double
Iso%en two different indicator strains, each lysed by only one of the phages in
u%shml,were_us%d. It described in th | 24724 (311) i
e |ysogenized cultyres are described in the usual way, eg. 15

strain 2 722?_ Iysogenize(y w?th Phage RiNA isolate(?_ from s_tra??{ Sllg.
he method_of Blair & Williams él%l)' The é))hages

Phage-tmeg Was done by \
used viere'those described by Rosendal, Stenderup, Helms & Eriksen (196

RESULTS

Relation between lysogeny and the ITween’ reaction. From Table 1it is seen that
none of the TW+ variants isolated from the TW- cultures was shown to produce
phage. They were easily | so?emzed hy. gha%es from the parent culture which
made them TW- and blackeq all the reactions to the typlnq phages by which they
E'rfJS&%‘? from the corresponding TW- strain, their phage pattern i most cases heing

None of the strains lysed by typing phage 80 was completely resistant o the phages
52 and 52A which were ab% Yg Iy%g thgm at 1000 x%TDywhereas in the gtragiJns
not lysed by phage 80, but by phage 8L, the block to phages 52 and 52 Awas complete,

However, sone TW+ strains were found to be phage producing (327, 1433 and
7578?, and their phages were also mvestigated. _ _

All'the phages referred to in Table 1 must be considered temperate, since they
wer%able ?Iyso enize. _ o ,

Erfect of lysogenization on phage-typm pattern. Tables 2 and 3 give informatjon
about the cfianges in sensitivity {o typing phages which took place after I%/sogemza-
tion, with the Various ]Qha?es. The ‘Chariges caused by phages isolated from TW-
strains are recorded in Table 2, those caused by phages from TW+ strains in Table 3,
The results were obtained bH lysogenizing a varjety of straing within the type
52/52A/80/81 complex. It will b seéen that'some phages were able to block certain
reactions, whereas others remain unchanged, de‘[}\?ndm upon the pha?e used. In
some cases a gain in sensitivity was acnigved. When, Tor instance, a type 81 was
Ig/so enized by a phage from type 80, the lysogenized culture could be typed as type
0. Phage 1543"did not block any of the'redctions examined.,

When TW- cultures were | s,ogenlzed with the phages 327", 1433 and 7578,
both _TV\ll-taé]d TWH+ representativés, with phage pattern indicating lysogenization,
were isolated. - : .

Propha?e substitution and double lysogenization. In previous experiments
SRosenda et al. 1964) the converting property of the phages was shown by usmg
ecePtor straing not” known to be” IysogeniC, therefore It could not he”show:
whether a prophage substitution was responsible for the change of the “Tween*
sphttmgipop ity or not. S0 converting experiments, were performed using only
strains Tysogenized with a demanstrable™prophage and phages which were dble to

se or Iysogenize these strajns (Table 4). o
yFrom {ﬁegresuﬁs It 1S evuJent(IPat a,p)ro_pha e substitution took P_Iace only when
TW- strains became TW+upon lysogenization. When these cultures still retainéd their
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Table 2 Effect of Izso?é_nisation ivith phages bIocking_ the production of

the ' Tween'-Splitting enzyme on reaction to typing phages
_ Typing phages
Pliage type_of . '
Phage donor Strain (T1Y ) 5 A 8 SI 4B 41C 528
474" 80 X X 0 X X X X
311 80 X X — X X 0 X
1543 52/52A/80/81/42BJ47C 0 0 0 0 0 0 0
11352 81/47C X X X 0 - - X
1400 81/428 X X X 0 0 X X

X indicates blocking of sensitivity..
— Indjcates no_blocking of sensitivity.
0 indicates gain in sensitivity.

Table 3. Effect of lysogenization with phages capable ofmakin%TW~ cultures

enzyme proaucing. Alteration of reaction to typing phages
Typing phages
_ Phage type_of , Ak
Pliage donor Strain (TW+) 5  5%A 80 8l 42 4IC 52B
20 52/52A80/52B 0 0 0 X X X 0
7578 92152A/80/81/42B/47C/52B 0 0 0 0 - — 0
1433 8L (42BJ4TC vw*) X X X 0 0 0 X

* oW = verg weak reaction,

X Indicates Iockm%_ofsensnlvny._
— Indjcates no_blocking of sensitivity,
0 Indicates gain In sensitivity.

Tween’ ne%ativity even though Iysoﬁenized_ with the p,hages 327 or 1433, theg had
become double lysogenic and vwere still carrying their original prophage, as evidenced

?y resistance to"andl production of hoth phages in quéstion and change of phage
e, . . . .
ypBoth the TW+ Isysoge_nlc cultures were still IR/sogenlc for the original prophage
when they were lysogénized with a phage which made them TW-..

An experiment wds done to find out"whether these phages, derived from TW-
cultures, in fact substituted for the converting prophage” or whether the TW
IXsoge_m_zed individuals on_gmated_froml sogenization of TW+ mutants present in
the ngmal cultyre. In thiS experiment phage 327" was used as a representative of
the gh ges which can convert TW- stralns.” A culture of 311 (TW-) In a suitable
concentration to give sm?Ie colonies was_?rown on “Tween’ aar for 2hr, so that
less than 100 coccl per colony-forming unit might be expected. “This plate was used
8. a master 8Iate for transfer lIJX (eplica techmﬂue to_an extract agar plate flooded
with 327° I(19 hage particles/ml.).” After overnight incubation af"30° this plate In
turn, was transterréd {o a second “Tween agarpla e. It was found that 48 out of 66
ongmally TW- colonies had been converted to TW+. One of the converted colonies
was cutut of the master plate and transferred to broth with 2x 10-2 M-sodium
citrate added. After growth at 37° for 24 hr one ml of a 10-3 dilution was spread
onto 10 “Tween’ agar plates, giving a growth of about 5000 colonies per plate.



« 5%2 + 1+ 1 + 1+ 1 + 1 1 1 1

e changing the Tween splitting property of the culture

D

Tween splitting enzyme in staphylococci

@N,@

[+ 1+ "] + [+ “1+-+4+"

b- oL

X X oL HO
© X ™ X X rH x rH
Hp & x th—O'xTEMt 1>HH;rH
ol X x Mo X % Moo gior X ™ AR X
XX TPy 20 X op oy XX B0 x LT
rH rH o1 oL X
X X 10 h X X ™

+ 11 oo+ 111 11 +

[+ 1+ o] 1
|+ 1+ 1
|+ 1+ 11 t1 et

I+1+11+1+11+1+1"+

N b X X b‘ 01
Ft g x a Px 0L rH
- T} oL X rH x rH
01 01 X X rHlrH rH rH
XX 'r'rH 01 01 01 '
- - IP X ho HO X X
rH rH rH H X X G -
rH rH rH rH H HO HO HO HO rH 01 01 Tp T,
X X x x rHrHrHrHrH HrHrHx x x n EI

:
7

y

353



354 K. Rosendal and P. Bulow

%r)\lly 14 TW+ colonies were found amongst the 50,000 colonies, indicating that the
] +dmutants in the original culture could not account for all the conversions
ound.

Table 5. Phage types after lysogenization

Double
. . lysogeniza-
Strain Before lysogenization ~ TW  Prophage substitution tion
1%}1% %%'SI) g%/52A/80/81/428/47C - 35/272@/80/81/428/470 fufizc
1543 24734') 52152A80/81/42B/47C — 80 52/52A/80
24724 3113 80 —  80/47C 80
24724 (1543) 80 - 52I52A/80/81
1433 (321') © 81 (42BJ47C vw*) + NTf

No change of the “Tween’ reaction. Donor strain and receptor strain have the same ‘Tween’
splitting capacity.

* yw = very weak reaction.  f NT = non-typable.

TW- strains carryin convertl\r}g phages could themselves be Iysoqemzed Wwith
converting pha%es rom other TW-"lysogenic strains (Table 5). “Bath prophage
substitution and double lysogenization occurred, No effect was produced on the
“Tween™splitting reaction as"might be expected since hoth donor and recipient
strains were TW-, but there wds an effect on the phage-typing gattern which
differed accordm% to the | sogenlzatlon dependmg on whether pro age substitu-
tion or double lysogenization tdok place, The changgs in typing pattern corresponded
to the changes expected on the hasis of the results presented’in Tables 2 and 3. No
prophage stbstitution was observed in strain 1433 (327'), which agreed with the
previous finding that proPhage substitution did_not occur in Iysogenic TW+
strains and suggests that the “phages carried by TW+ strains wefe more stably
Integrated thar Was the case with the TW- converting phages.

DISCUSSION

The assumption that there might exist a correlation between “Tween’ negatlw(%
and virulence originated from investigations of survival or death of about 50
Ranents with stap Zl_ococcal bacteraeria (Jessen et al. 1963%._ So far, however, it

as not seemed poSsible to obtain experimental proof of this h}/pofhems as the
selection of strains would have been too difficult. There would always have been
some doubt whether the strains chosen were In fact comf)arable theg_m| ht differ in
some nknown properties. But pairs of TW+ staphylococcal strains before and
after conversion to 'Tween’ negativity do seem to bie comparable and may offer
Information about differences I virulénce and in_biochemical properties. Now, a
further question arises, 1s the lack of diffusible ‘Tween™splitting enzyme itself a
XWI?G&% ggg)tor, or do Some accompanying properties account forthe enhancement

If experiments showed that conversion to “Tween’ ne?atwny_was correlated with
an Increase of virulence, it woidd be anoher exami)e_of Virulence in bacteria
depending upon lysogenic conversion, the first and classical example of which is



Tween splitting enzyme in staphylococci 355

mnebacterrum diphtheriae (Freeman, 1951). In the present experiments it did seem
Tween negatlvity depended on the presence of a prophiage, whereas Tween
Eosrtrvrty did not The TW~ strarns so far mvestroated have alwa}/s been lysogenic,
ut onl some TW+ strams and )isogen has not been shown inthe TW+ variants
of the TW~ strains, althoug h a large number of indicator strains were used
Furthermore the pha es |so |ated from TW+ strains were only capable of ‘con-
verting’ by Virtye of proph Ige substrtutron and cannot be regarded as true con-
verting pha es like those carried by TW-~ strains.
. In some mstances the conversron of staphoncoccr rovrdes a hand tool for
|soIat|anr variants within a hacterial popylation. n cultures thé mutants
having Tost the prophage and therefore havrng become 1W+ were eagsily detected on
the Tieen medium, and in lyso emzatron exgerrments the Iysogenrzed individuals
were easily scored on Twee ag rwenac nge of enz meP duction had taken
place. However It must be om in mind tha cultures usogemzed by
Phages 7 and 1 43 the Iyso enrzed mdrvrduals drd not differ from the nor-
ysogemze ones un £ss a A)rogha e su strtutron had occurred.
The simi arrt of the phage types of these TW+ variants gTabIe 1gsuoports the
teor ofRoun ree (195 tat e parent ph g}e tyge of the 52/52 /8081 complex
y be type 52/52 AI80I81/42BI41C/52B, and that'all other phage types within the
complex may orrgmate from it by Iysorlremzatron with various phages.
The changes Of phage %rsoe lpon yso emzatron agreed with ‘those found by
other authors Rountree 1 0; Asheshov g) ; Rountree & Asheshov,
1) and was understandable in view of what was shown about the outcome of
Iyso emzatron éproph age substitution or double lysogeny). Non-typable subcultures
Wereaso found'in cultires which were doublzl sogenic for phages which between
them blocked the reactrons to all the typing phages in question. Comtois (1960) also
found non- tﬁ)ab e subcultures upon lysogenization, and supposed that the iImmunity
to typing phages in these instances ‘occlrred in blocks’
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SUMMARY
m |ca analysis has beena phe t th onortt]t(? th cerﬁun ThIO-

baC| 4 Strain mc 8
ew |sblaes sm 8”]0 corre aC| us
rau e| I san nealp anus,
ver we diff re mermeqaeo anisms.
erical metho that the resu In eﬁe
hevve i hg?rm anson o au thentic strain erent Ia oratortes

om d
iR the error otat(htertgtsltc s b(? vely Sabl, ang any chianges were

INTRODUCTION

During a studg of the autotrophtc bacteria respon5|ble for the OX|dat|on of
reduced suI hur ¢ompounds, difficul t%/ was, experienced in | enttféqgt evartous
Thlobacnlus Species smce many of the criteria given by Parker & Tem
ag peared to be unsatistactory. The most serious ?roblemwasthat nostralncould be

found corresponding to Thiobacillus thioparus as described by these workers, since
all tecultu es examined produced polythionates. Similarly; the PH values given
were of | |ttIe use smce no differentiation 1s made between the limits for the initiation

fgrowth and the final pH value attained by the culture.

n examinatign of th literature of this field inglicated that opinions differed on
the taxonomy of this group. .Some authors considered. the genus to be a spectrum
of types (Badlsrud, 1954), whilst others recognized distinct sBemes but these varied
according to the author (Vishniac & Santer, 1957 Parker & Prisk, 1953). The [atest
comprehensive study of this group was made in 1953, and in this instance only the
utilization of sulphur compounds was mvesttﬁated and not all the species were
examined, These facts led to the conclusion tfiat a new taxonomic survey of the
thiobacilli was required and that as many strains as possible should be investigated
usm’g a Iarge numtfer of dlﬁ?renttal tests.

|s wolld |nvo ve the collection of a large amount of data ang the ro%ramme
Was Ipanne s0 that this could be subjected to a numerical analysis of etyR
desc bed b%/ Sneath ( 157? At this point, howgver, no decision was made as to't
method to be used i |n the final mter%retatton of the results, as no critical investiga-
t|on ofthe numerical mfet 0ds had been carried 0%1

A secondary aspect 0 t |s pro gramme was the, further investigation of the inter-

Species chan e which had been reported previgusly in this genus (Johnstone,

ownshend & White, 1901) With a large number of strains Under continuous
observation, any change would be readily™noted, the variants could be tested, and

o) G. Microb. xu
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the magnitude of the change determined. An additional assessment of the stability
of thesé bacterial strains was made by the inclusion in the study of cultures of the
same authentic strain from several sources. Since these culturés would have been
maintained under different conditions in the various laboratories, any changes
should have heen obvious when they were examined by the same test scheme.

METHODS

Or%anlsms. All the authentic cultures which could be obtaingd are givenin Tahle 1
togiet er with the worker or organization who supFlled them. The attempt to collect
cultures. of the same authentic strain from several sources was most successful with
Thiobacillus thioparus; cultures were obtained from three laboratories.

Table 1 Authentic strains

Collection cr source Name Code number
ATcc 8093 T. novellus* al
ATCC 8158 T. thioparus* al
NciB 8539 T. neapolitanus bl
ncis 9113 T. novellus* b2
NCIB 8370 T. thioparus* b5
P. A Trudinger Thiobacillus X (a cl
P. A, Trudinger Thiobacillus X (b c2
T. Wiken T. trautweinii (str. 1 dl
T. Wiken T. trautweinii (str. 2 a2
F. C. Happold T. thioparus* 1
F. C. Happold T. thiocyanoxidans (1 12
F. C. Happold 1.t |o_c¥anomdans 2 13
F.C. quppold T. denitrificansi 14
Mrs M. Townshend - ml
Miss E. S. Pankhurst T8 P
Miss E. S. Pankhurst T4 p
Miss E. S. Pankhurst T2 p3
Miss E. S. Pankhurst Cf nd
Miss E. S. Pankhurst T5f ) p]f,
T. G. Tomlinson T. thiocyanoxidans t
T. G. Tomlinson T. thioparus*f t3

* These strains originated from R. L, Starkeﬁ/,
t Anautotroph could not be isolated from these cultures.
J Pankhurst (1934).

Since the number of authentic cultures was small, new strains were isolated from
the sources %we_n In Tahle 2. The variety of sources examined, together with the
method of isolation used, also ensured tht the strains examined werg representative
of the_grouP as.a whole. After suitable dilution, material from the source was inqcy-
lated into Jiquid and on to solid thiosulphate media of pH values from 50 to 7-8.
At intervals the Jiquid enrichment cultures were Plated out, and representative
colom?s selected from the initial ?nd subsequent plates. The strains were purified
by at least three smgle colenv isolations. _ _ _

Although many ofthe thiobacilli can be readily recognizeg by the inter-colonjal de-

osition o sulphur, the onl}/crltenon used inthe selection of isolates was the ability to
row on a thiosulphate plate. This ensured that the extent of the Proup Investigdted
was not limited by the’ preconceived principle that all thiobacilli deposit sulphur.



Taxonomy of certain thiobacilli 359

Maintenance of organisms. The strains were maintained on plates of the S6 medium
(see below) and subcultured at 21-day intervals. The plates were incybated at 28°
until growth had occurred and then Stored at 5° for the remaining trme mterval
Before subulturing, each late was checked undert emrcroscoPe for rP}urrty and
before testrn each culture was plated out on hoth S6 and nutrient media. The
|atter (on tt]s were examined for atyorcal %rowth and any autotrophic strains which

grew on the nutrient media were discarded
Table 2 New isolates
Source Code number of isolates
Barren soil la
Marine mud 1b, 2b, 3b, 4b, 6b, 7b, 8b, 10b
Fertile soil 3¢, 5¢, 6¢
Barren_ soil le
Estuarrnenttud* If, 2f, 3f tos
agoon system
Lagorato¥y isolates ?1%3?1 979
Biological filter*
Activated sludge* ],
Biological filter 2
Activated sludge* i
Minewater (pH 7) In

* These systems were t. ting carbonization liquors.

PIannrng the tests. Since at least 100 characters were required for the numerical
analysis, some difficult was experienced mdevrsrngasuffrc lent number of tests, and
at th esame time avoiding bias masy gartrcu ar aspect. To.overcome this the tests
were designed to fall |nto our groups; substrate tessrncludrng carbon and nrtrogen
SOUTCES, pysro ogical tests such as growt at selected temperatures and pH valties,
inhibitioh tests, with both organic and inorganic compounds, and certain tests on
organic media in view of the presence of ceftain facultative autotrophrc strains.
or many of the tests a comman substrate was required which could easily b
measured t0 assess the amount ofrrqrowth which had occurred The onla/ surta le
ener év source utilized bty all the strains described in this paper was thiosul ate
hé prel |m|nary expe ments with this substrate it was found that even under th
most r1g |dI%/ standaraized conditions many of the straing exhibited variaple rates
of thiosulphate oxidation when tested on different occasions. This variability was
decreased as the test period was extended to 28 days, and this rather long test period
Was, therefore used throu%hout the mvestrgatron In many of die exgerrments this
varrabr |ty was further dereased by expre srn%t e results as a_percentage of the
tsrgﬁu a)r at:e0 [oxrdgz[eso in a control "series which was run alongside the test under
dit]

The final selection of the tests was made.on strictly logical grounds and on%those
were rejected which were either all positive or all"nedativé or those which were
obvrous 1%rcat)es

Tests, asal mine raI salts mediu m, . Was (%/I distilled wate
Na2-|P0412 KHP04 1-8-MgS04 01: (NHAS 0401 Cad 2003 Fe I36

MnSQ44HA), 0-02. The Sb medium W s e epared b){ |n% 035
10g to thrs basal ‘medium and S7 by the a dtr nofNI4CNS {02 . The more
232
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acidic S5 contained K11,P04 29, as the only Fhosphate, and NaCl, 1. to correct
the Tonic balance. The other eneray sources tested were added to the SO medium m
the amounts given in Table 3. Wnere possible AR chemicals were used.

Table 3. Tests

A. Substrates and carbon and nitrogen sources
Concentration

Test compound (%) Comments Characters
Sulphur Excess Sterilized by steaming on 3 successive days 2
XH, thiocyanate 0T2 Analytical determinafion using a colori- 2

. metric test
Hydrogen sulphide — See text 2
N carbon source - ) , ) ) 3
Sodium carbonate 005 Carried out in restricted atmosphere using 3
Glucose 0-02 doubly distilled water and appropriate 3
No nitrogen source - 8uard tube to prevent access of carbon t
K nitrate 0-02 ioxide or ammonia. Scored against 3
K nitrite 002 control series, see text 3
Na glutamate. (>52 , U
Nutrient media — Growtil on.FIa.te . 2
Thioacetamidc 0-C2 Titrated with iodine %
ST plate — Criterion: sulphur deposition
B Physiological tests

Medium Variable Comments Characters

S6 19¢ Rate of thiosulphate oxidation 3

S6 29¢ Rate of thiosulphate oxidation 3

SC 35° Amount of thiosulphate oxidation 4
Xlodificd SC 0-5 8/ thiosulphate >

10 01 thiosulp'hate 3
‘218% Em%sslfjll%ﬂg%g 1 Amount of thiosulphate oxidation g
CO‘% thiosulphate
S5 !\PH o 2
SC one Criteria; amount and nature of sulphur 1
deposition o .

SC None pHconsistently attained in this medium 5
S6+ nutrient None Amount of thiosulphate oxidation 3
SO plate None Criterion sulphur: deposition 2

C. Inhibition tests
. Concen ration

Inhibitor (%) Comments Characters
Ampicillin i-
Bacitracin ) 2
Celbenin These tests were done on S6 plates usin 2
Chloramphenicol ‘Sentest’ tablets. (Evans Medical Ltd.sJ 2
Novobiocin_ 9
Streptomycin — '
g/llé(ed phﬁlsphgte 4 4

odium chloride 5 2
i i The results were scored as a percentage of
E\%ﬁarﬁ%'#iwmn 'Ctﬁfgfide 2_15 the amount ofthiosulphatepoxidize g
NH4thiocvanate 00 p.p.m relative to a parallel control series grown 5
Phenol y 25p.p.m.  under the standard conditions i
Phenol 100 p.p.m. A

Number of occasions the final pH was
alkaline rather than acid for the auto-
trophs in the above inhibition tests
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Table 3 (cont)

D. Heterotrophic tests
Gelatin Li duefaC|on of charcoal gelatin discs, Oxoid
Nutrient broth Putrefactive odour
Kosers citrate Oxoid
Starch H%/drolklsw .
Phenol Utilization of 200 p.p.in. pheno
Tallow agar Lipolysis
Tributyrin agar L|p0|¥s|s Oxoid %
Glucose peptone Acid to phenol red
Nlnﬁepepmne Gas and nitrite formation

S0 % glutamate Growth on plate, autotrophic or heterotrophic

86/1 % glutamate Inhibition of thiosulphate oxidation
S6/1 % glutamate Yellow fluorescence

The inoculum ysed in the tests was 0-02 ml. of a 3-day-old culture 9rown under
the standard conditions, The standard conditjons, also used for the control cultures,
werete 6 medium, 10ml, |na50ml conical flask at 28"

Analysis. Inthe ma ontyo tests, the resultwas obfained by fitration of one ml.
of thet losulphate me iur with 001 M-odine. The final pH vaIue of the tests was
recorded using a Pye Universal pH meter wnhaglassee trode. The change In pH
value was used as & criterion of growth in the sulphur and h?/drogen sulphide tests.

Methaod of scoring tests. The redults were scored according to the method of Beers
gh Lo g%kt(aagr% 731962) and the S values calculated accordingto the metho d given by

RESULTS

The strains were arranFed in order of similarity and the result is shown in Table
4. Four groups were clearly differentiated corresponding to Thiobacillus traut-
weinii, T. novellus, T thioparus and T. neapolitanus. These have been numbered 0,

~3.and 4; group 2. comprising the anaerobic species will be described in a Iater
paper, [n addition fo the two_duthentic strains ofT trautweinii 8roup0|ncu e
organisms which are very similar to other named species. Thus 5C is Very similar
to "Pseudomonas stutzen and 1F has been tentanv ly |dent|f|ed 8 P, Juorescens
These organisms are characterized by their ability to grow as_facultative auto-
trophs OX|d|2|ng thigsulphate to pon lonates wnh a corresponding increase in the
pH PYAlte of he medium.

Only three strains are present n doup 1, two authentic stra|ns of Th|obaC|IIus
novellus, and one new isolate f(lLl> he Tatter strain was Iost S ortbyater emg
tested, and wasthus one out of only three organisms which could not ie maintaine
|ndef|n|tel Th ese org anlsms Iglrow in both organic and thiosulphate media, and in
the Ia(her Case ecreaset e pA value.

20 strains In droup 3 ten are new isolates, four are authentic cultures of
Th|oba(:|llus thioparus, three are authentic cultures of T thioc anOX|dans and three
unnamed strains. The' orgamsms of this group oxidize th IOCK ariate, and the final pH
In thiosulphate media dods not fall below'3-5. Althoudh slight differences were found
between the cultures received as T. thioparus and T. thiocyanoxidans, they were not
sufficient to nrarrant a fu ther subdiyi |on of this ?rouR

Group 415 the most acid tolerant of the four species, the pH in thiosulphate media
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fallmt{ to 2-8. The only ather outstandlng feature of this group Is the resistance to
|nh|b ors partlcularhi inorganic salts such as sodium chloride and ammonium
chloride. Three of the 8stra|ns are authentic cultures of Thiobacillus neapolitanus,
and the remainder new isolates.

The ten S values from the comparison of duplicated strains range from 88 to 100,
with a mean value of 9-7. These figures inclyde both thedtfferenceswhlch mary have
arisen between the strains ang the errors oftesttnP An indication of the error in-
volved in testing is given by the S value of 97 befween b5 and boa which are the
same strain divided Tmmediately prior to testing,

Considerable doubt has been expressed about the validity of Thiobacillus nea-
politanus (Starkey, 1956; Vishniac' & Santer, 1957; Vishniac & Trudinger, 96%
and six further sgts of S vaIues were calculated to ‘ensure that the différentiatio
between this soedes and T. thioparus was not caused by the particular set of tests
selected. For this purpose 21 strains were statistically”selected and S values cal-
culated ustng the tests in sections A, B .and C. Similar Calculations were then made
using these tests arbitrarily split into two, and the tests divided into three on the
basis of the ongtnal desigr, substrates, physiology, and inhibition,

Inspectjon of the resulting six Sneatfi diagrams indicated that a separation
between the 3roups corresponding to Thiobacillus thioparus and T. neaPoltt nus had
been achieved in all cases. However, a more objecttve assessment of the data was
required which would correct for the smaII opl atlon sample on which testudﬁ/
was hased. Groups may be compared in terms of an |mag|nar central or anis
but it was thought that'the selection of a real central strain was closer to acteno
logical ﬁractlce as this allows comparative testing for the purposes of identifica-
tjon, The central organism was obtained by calculating the mean and standard
deviation of the S values of each strain of the 1. thioparus, group, to the ot er
members of the group, and selecting the central strain which had the smallest
standard deviatjon._This procedure gtves the strain which is most typical of the
group as a whole. From the mean and standard deviation of the S Values of the
central strain it js posstble to.construct a Soro ability curve as shown inFig. 1 This
gives the probable distribution of the values of the T, thioparus group if an
infinitely farge number of strains had been examined. The mean and standard
deviation of the T. neapolitanus strains to the central organism of the T. thioparus
group were then calculated and the curve drawn on the Same axes.

DISCUSSION

Desgne the falrI%/ wide apPhcatton of multivariate analysis to bactenal taxongmy
verx wtests oft e validity of the method have been reported. The results given
in this paper fu eysupportt econcegt that the cIasstflcatlon of bacteria by overall
5|m|Ianty 15 ind apendento the tests used, and suggest that the number of tests
required to Ive an adequate classification may have been overesttmated (Sokal &
Sneath, 196J). These onclusions, however,” only %to thiobacilli and in
view otthe unusually well-defined’group sfound W|th|n IS genus should not be
extended to other (}) ctenal roups Without veri |cat|ofn

The very weI efl neds cles and the ansence of Intermediate forms in this
genus found here are unusual as compared with similar studies which have been made
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of heteratrophic organisms (O‘S_okal,& Sncatli, 1963%, Tlie most probable explana-
tion of this' is that classification in other groups has been carried much further,
and that one of the Thiobahllus species Would be re?arded In other groups as
a genus, or an even higher taxonomic rank. Alternafively, the rather extreme

A D

A/\ A E/\\A
AN\ A

Probability density

T

n
c F
: //\/\ \
/4 14 4 1y N ) vy 13
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S values

Fqu. L The distribution o:" S values for Thiobgcillus thinparus and T, n?u olitanus.
Groups, T. thioparus, ang grouR 4, T. neapolitanus. A complete set of fests. 111
characters; B: split tests (i, 55 characters; C: split tests (if), 50 characters; D: physig-
logical tests, 40 characters: E: substrate_te?tfd 34 characters: F: inhibition tests, 37
characters. The arrows indicat; the numerical Timits of each group.

environmené occu&ier by these o_rganisms may exert a relatively high selection
Pnrae‘sarj]roet %rg vitgk?le enetic” constitution which corresponds to an Interniediate type

Starkey (19351) anc Baa srud B1954) were of the opinion that Thiobacillus traut-
weinii should be excluded from the genus Thiobacillus on the grounds that the oxi-
dation of thiosulphate to fetrathionatc did not release sufficCient energy for these
organisms to live autotrophieally. Although the present results Support the exclusion
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of this group, from the genus ThiobacUlus, some of the test results suggest that
inability”to Tix C02 may be an alternative criterion, for this division. The tests,
however, were not desrgned to yield Pecrfrc information on this point, and further
detarled studies would Be required be ore this concept could be established.

Independently of the cnterron used, there apPears to be little doubt that Thio-
baci]lus trautweinii should be excluded from the thiobacilli partrcularlywhen other
strains within this group belong to other name enera t 1s unfortnate n this
respect that the evidence from™numerical anal srs does not assrst rn making this
decrsron AIthou?h the division between the different groups is well marked, there
loes ot aﬁpear tieovr Us inter-group division at'which to separate the thio-
bacilli from the facultative neterotropns.

The results for ThiobacUlus throParus and T. neapolitanus full supgort the
work of Parker &Prisk (1953), and there now appears to be little doubt about the
validity of these two species. Observations on their behaviour_in thiosulphate
media mdrcate that the differences hetween them may be suftrcrentI% Iar%e to
su&gest differing metabolic pathways. This mrght account for some of the present

rences of oinjon, regar rng thé thiosulphate metabolism of these organisms, as
In Some cases no distinction has been made hetween these two species.

The evidence from the Svalues of the duplicated authentic strains indicates that
these organisms are refatively stable over Iong periods of time, even when sub-
jected. to varying conditions of culture In tfie authors’ opinion the amount of
variation which was found can bea most whollly attributed to differences which are
found In these or?anrsmswen tested on different occasions,

The inclusion of the du rcatestrarns Ioartrcularlythose ofThrobacUIusthr arus
gave the rmpressron of asu group within the T.”thioparus ?rou p on the neat

agram. This was obviously an artrfact but does rarse the ar more genera pro-
aboutthefrequencr of grganisms with very h |gD S valyes in numerical analysis,
and whether one ‘should eliminate such strains “before inspecting the data for

subgroups.
Agfter careful consideration of the original literature the authors have concluded
that the most appropriate names for thie species described are those given in this
paper. The major ecrsron which led fo this conclusion was that "Bejjerinck’s
orrgrnal ga ers él 04« b) do not give sufficient detail to identify the aerobic species
w rc h escn ed. The first adequate description was given by Starkey (1935«
who believed his or?anrsm was the same.as that of Bel Aerrnck and therefore called |
ThiobacUlus thioparus.. This strain is still avajlable in the various national collec-
tions and |ts charactenstrcs correspond with the original, description. The evidence
%ven In this paper has shown that T, neaoolrtanus IS distinct from T thigparus, and
at th ename ven by Parker&Prrsk ( 953()) is therefore, valid. The validity of T.
novellas does n tan)ear to have been qUestioned in the liter'ature.

A diagnostic table for the |dent|f|cat|on of these species will be given ina later

paper.

The authors wish to thank Professor A, L. Roberts for his continued sui)port of
this programme, and the British Coke Research Associgtion for financial assist-
ance. W& are grateful to the research workers who supplied the cultures given in
Table 1, and Dr K. S. Zinnemann for translating the papers of Beijerinck.
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SUMMARY

ilytion of washed Dictyostelium discoideym amoebag. in distilled water
Ie%os ?g an essennflfk |m¥nede|a e ang spgce#m emux ﬁﬁd%ﬂ anae I%r?egn_

R0 Ol T 5 2D 1 Lt e Tote f Hoprbgeres

INTRODUCTION

As a result of studying the mechanism by which. imidazole compounds affect the
rate of morphogenesis in Dictyostelium discoideum, it was postulated that the site of
action was at the cell surface of outsice the amoebae (Krichevsky &Lave, 1964a). One
P035|b|l|ty by which such a postulated site.could control the fate of development is
hrough controlling the passage of materials across the cell membrane, Thus, jt
might’be_ expected” that compounds which stimulated the rate of morphogenesis
covdd inhibit the leakage. of intracellular components into the medium. The gresent
report describes the ab|I|t|y of various stlmulatorﬁ materials to decrease the efflux
of specific macromolecular’ constituents from washed amoebae.

METHODS

Tire procedures for ggr(owmg and_ harvesting the myxamoehae were described
Prewously (Krichevsky & Wright, 1963). For each incubation mixture, the amoebae
rom one Gookie sheet (15 x 101n.) of solid growth medium were harvested just before
complete ingestion of hacterial growth, Washed free from re3|d}1al Escherichia coli
and finally Suspended in distilléd water to a final volume of Sml. Each incu-
bation mixture had 4-8 ml. of the susgended amoebae In 48 ml. final volume. The
Incubations were done in standard 11 heakers on a sm—glace magnetic stirrer o
that all suspensions were stirred at identical rates 4t ambient temperature

out 22°).

Cell-free"filtrates of the incubation mixtures were obtained by vacuum filtration
of 2ml. samples using Millipare filters of pore size 0-45// and 47 mm. diameter
(Millipore Filter Corporation, Bedford, Mass.: catalogue number HAWPQ 4700

Pentose-containing materials were assayed by the orcinol reaction of Mejbaum
as modified b(}/ Horecker, Smyrmiotis & Klenow (1953&. Protein was determined
by the method of Sutherland, Cori, Haynes & Olsen (1949). The ninhydrin assay
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tor amino acids was done by the procedure of Rosen %1957)5. Diplienylaminc
reacting materials were determined as described by Disch 952). Nucleic acids
were isolated by the procedure of Szybalska & SZmeSkI (19 22 except that
tar&ed i%?(I)Iﬁfree filtrates were not treated ‘with sodium tatiryl sulphate before XaCl

RESULTS

Preliminar exge_riments had indicated that assaying cell-free filtrates from the
suspensions for their content of ultraviolet-absorhing” materials provided a cop-
venient method for testing the postulate that Stimdlants of development could

T T

\-H,0

Kxtincetion 2375 my
Egg,; orcinol-FeCly

Time (hr) Time (hr)

Fig. ]. The leakage of u.v.-absorbing materials in the presence of chloride salts. Amoebae
were incubated in water (A-A); 001 M-XaCl (0-05); 001 m-KCI (+-+); or 0005 m-
AlgCls (X- X). With 0-5 m-xao11, @ 1/20 dilution, of the cell-free filtrate was made of the
incubation mixtures noted above at 0, 1, 2, 3, 4 hr. The extinction of a 1cm thick
sample was determined at 257-5 m/t.

Fig. 2. The leakage of p_entose-containing materials in the presence of chloride salts.
Amoehae were incubated in water (A-A): 0-01 M-NaCl (0-0): 0-1 ir-KCI (#-#); or 0-005
M-MgCI2(X - X). To 0-5 ml. samples of cell-free filtrates of each incubation mikture were
added 0-5 ml. of 6% perchloric acid. The samples were centrifuged and the super-
natant separated and retained. Both the premﬁnates and supernatant solutions were

?ﬁsm%,ed for total pentose. Only the results of the precipitate assays are presented in
is figure.

control leakage from the o_rgfamsms. An examlole of the data is illustrated in Fig. L
The u.v.-abs r_bln% material found in the ceflular environment was, for the most
R‘art, reatest in the case of tic medium contammﬁzonly Water, next was 0-01 m-

aCl, then 0-01 m-KC1, and least was 0-005 M-MgCI2 Thie most striking departure
from this ranking may be seen in the "zero time" samples for water and NaCI. Since

Fig. 1 Fig. 2
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the amoebae were added to the suspendm% medium and the suspension was filtered,
the earliest samples obtained are not trug initial samples but of the order of 2- to
4-minutes s Rleﬁ' Therefore, the release of the u.v.-absorbing material must have
occurred within that period.

040

0-30

0-25

0-20

Ey,, ~ ninhydrin assay

015§

010 | .

0-05 [~ -

1 1 1
0 1 2 3 4

Time (hr)

Fig. 3. The leakage of ninhydrin-reactive materials_in_the presence of chloride salts.
Amoebfe wereincubated in water (A-A); 0-01 M-NaCI(O-,O?; 0-01 m-KC| g#-@ ;01 0-005
M-MqCl, (x- x). To 0, 1, 2, 3and 4 hr samples of cell-free filtrates of the above incubation
mixtyres were ‘added equal volumes of 05 M-NaOH. One-tenth. ml. of the diluted
samples were assayed for their content of ninhydrin-reactive material.

The spectrum of various samples exhibited an absorption maximum at about
260 mit.” In preliminary experiments, the material aéjpear_ed to be precipitable by
cold gerchlorlc acid. Therefore, the samples described in Fig. 1were tested for their
pentose content see Fig. 2, The qualitative relationship betWeen the u.v.-ahsorbing
material in the cell-frée filtrate as a whole and in the perchloric acid-precipitable;
pentose-containing material was consistently close (Fig. 1vs. Fig. 2). Thus, In the
experiments to bedescribed below, the u.v.-absorption data were always obtained
but will be omitted with the understanding that they were qualitatively the same as
the pentose assay data.
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When the perchloric acicl-solublc Tractions from the exRenment shown in Figs, 1
and 2 were assayed for pentose content, it was found that there was ljttle or no S|Pn|f|-
cant difference with either time or treatment. Furthermore, the values were all'low,
L.e. on the order of EQ-04 to 0-06 in most of the cases (the range was 0-02 to 0 09).

To ascertain whether the release of materials intg the medium was a generalized
Pheno_menon, the experiment in Fig. 3 was performed. In this casé, the cell-
ree filtrates were assa%ed for theii” content of mnh%(drm- ositive material, It
may be seen that these materials were released in an en |rel¥ ifferent manner than
the pentose-reactlnq material. No differences in amounts ofthe ninhydring-reacting

material could be attributed to the nature of the suspending medium.

T T T 1

- L-Hsudine pH 7 ~

2
o

Iy orcinol-FeCl,
o
S
T

Iiggo: protein assay

o
o
I
1

--Histidine pH 5 L-Histidine pH 5
| 1 1 | 1 |
0 1 2 3 4 0 1 2 3 4

Time (hr)

Fig. 4. The pentose and protein contents of cell-free filtrates in the presence of
nistidine. Amoebae were incubated in water (A-A); 004 M-1.-h:stiding, pH 5 (0-0);
L-histiding, pH 7 (#-+). Samples were taken for Hentose determinations as descri
for Fig. 2. ‘Instead of the final centrifugation, the samples were filtered on 25 m
Millipore filters (tﬁpe HA?/\'/ The[%reﬁleltates were redissolved in I ml. of 0-25 M-NaOH
angd assayed as ustal (shotwn on the left). ,

The same procedure was used to obtain the samples for protein assay, except that the
P_erchlorate- reafed samples were placed In a bolling water bath for 15 min., cooled,
fItered and redissolved in 0-3 ml."0-5 M-NaOH. The"results of the protein assays are
shown on the right.

D
So2

. The effect of L-histidine on the Ie_akage of macromolecules from washed amoehae
IS illustrated In Fig. 4. When supplied &t pH 5, L-nistidine markedly decreased the
amount of perchloric_acid c}oreupltable material found in the cell-free filtrate as
comPared to either distilled water or L-histidine supplied at pH 7. The foregomg
result was qualitatively the same whether the assay procedure sed was for pentos
?r lPrgtem r?FtenaI. Hciwever, the kinetics and the quantitative relationships were
ound to differ in detail.

Figure 5 depicts the results of substituting D-histidine for the L-isomer. As in the
previous experiment, D-histidine at pH 5 was more effective in preventing the
efflux of macromolecular constituents from the amoebae than was either water
or D-histidine at pH 7.
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The effects due to sodium phosphate buffers were complex (Fig. 6). Initially
pH 7 sodium phosphate buffer was incapable of preventm% the leakage of pentose-
containing material as compared with distilled water. When the pH™of the phos-
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Fjg. 5. The pentose and protein leakage from cells incubated in n-histidine. All condj-
ditions were the same as those described for Fig. 4 except that D-histidine was used in
place of L-histidine.
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Figi. 6. The pentose and protein leakage from cells incubated in (sodium) phosphate
butfer. All conditions were the same as those described for Fig. 4 except'that 0 01 a
(sodium) phosphate buffers were substituted for the L-histidine.

phate was 5-0 there was a marked lowering of extracellular pentose-containing
material found throu?ho_utthe sample perigd.” [t may be seen that the effect of the
hydrogen jon concentration of the sus endmg medium was less important with the
gassa e of fime. In contrast, the pH_ of thé sodium phosghate medium exerted

greater effect on protein leakage. Since the buffer was adjusted to a constant
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phosphate concentration, the eil'ects noted ahove ma¥f have been due to the
increased sodium concentration as opposed to any pH efect (e. 9 see Fig.
In order to assess the significance of the leakage of the materials to the total
system, the data for the jricubation of amoebae In distilled water from four seRar-
a e experiments were combined as shown in Fig. 7. 1t may be seen that as much as

‘ T T T

Percentage of total (ave. of 4)

oL ~ i

Protein

] 1 1
0 1 2 3 4
Time (hr)
Fig. 7. _The propartions, of macromolecular leakage from amoebae incubated in distilled
water. The data shown in this fl%ure are the averages of four different experiments per-
formed described In Flr% The incubation medium was. distilled water in all cases,
The val ues for the total amount of pentose and protein reacting materials were obtained

by taking a second injtjal sample and gmitting the filtration™step so that the cellular

%olr&ttegrt]ss were included in the samples. The appropriate assays were performed on 1/10

17 % of the perchloric acid- msoluble pentose reactlng materlal contained in the
amoebae leaked into the medium ( terangn of all samples e|n964264°/) In the
case of protein the high average was a so e earlier and was ahout 5% (range 0-8-
15-0%). The likelihood of the extracel ular amounts of the two types of macrgmole-
cules betn? correlated with time, was tested b determmmg the correlation cogfficients
of each of the four experiments separate%/ ypaool mtTt the data within the
individual experiments and determining the over- aII correfation coefficient. The
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values found were: 0-96, 0-49, 0-63, and 0-97 for the individual experiments and
0-665 for the pogled data. In two out of the four experiments here considered the
correlation coefficients were highly significant (P < 0-01) though the number of
observations was very small fof each (I;roup_. Furthermore, the pooled value indi-
cates that the carrelation of the two factors (i.e. extracellular amounts of protein and
pentose-containing materials at the various times) Is mgmflcant_also (P < 0:01)

The pentose-c ntamln? perchloric acid-precipitable material = was cPartl [
characterized as follows: first, the yield of orcinol reactive material extruded fro
amoebae In suspension in water or 0-04 M-i.-histidine (at pH /), was compared with
that obtained by perchloric acid-precipitation orethanolic precipitation. Inall samples
the yields weré approximately the same regardless. of the method of s_amgle Tpre-
paration. Little orno dlﬂhen amine reactive material was jsolated by eithr of the
above procegures even though the samples for assay were increased 1y a factor of
five. In addition, the material jsolated beg ethanqlicprecipitation exhibited similar
spectral properties to commermaWeast NA, with a 2601280 m/i ratio of approxi-
mately 2-03'to 2-15 In various sanfples.

DISCUSSION

The data presented here indicate that when washed amoebae from the growing-
amoeboid stage of Dictyostelium discoideum are diluted in distilled water, thére is an
Immediate and specific effjux of macromolecules from the amoebae into the medium.
The types of macromolecules concemed are ribosenueleie acid and protein,
Deoxyribonycleic acid (as diphenylamine reactive materjal) was not detected
In the cell filtrates. Low moleculdr weight nmhvdrm-Posmve materials leaked
Into the medium in the same way, Irrespective of the nature of the medium,
. The leakage phenomenon could not be ascribed to simple osmotic shock. This is
indjcated by the observation that compounds at ap[()rommatela/ equivalent tonicifies
varied widély in their caBamty to prevent the leakage. When the suspending fluid
was L-histidine at pH 50, the efflux of RNA and protein was almost comgletely
prevented. In contrast, when the L-histidine was adjusted to pH 70, the | akage
Was as great and often greater than that found when distilled water was the
diluent, "Another example’is provided by the series NaCl, IvCl, and MqCl2 Although
the 1onig strength of the MgCl2solution’was Jess than that of the other two salts, it
Was ba/_far_ the'most effective in preventing Ieaka%e._ y
. Continuing incubation of cell suspensions after the initjal efflux of macromolecules
in those permﬂtmq leakage) for the most part resulted in either an qver-all smooth
owering. of the extracellular amounts or, an oscillation of these. The oscillation
consisted of an jnitial drop in level followed bg a sec%n 'ilr rise. The changgs_ln
RNA and protein with_the passage. of time were proba >)/ not random angd in-
dependent §phenomena. This was indicated by the statistical analysis of the replicate
Incubations wherein water alone was the suspending medium. [t'may be speculated
that the change In extracellular amounts of RNA"and pratein are”under cellular
control. If the changes were due to extracellular destruction ?n the cases where
lowering was observed) it seems unllkely that the amounts of the two types of
macromolecules would'be so well correl%ed. . _ : :

The data presented here suggest that the ability of various materials to stimulate

24 G. Microb. x1i
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the, over-all rate of morpho enesis in cht ostelium discoideum is correlated with
their prevention of leakage 0f RNA and protein from the amoeboid cells under the
test condmons In the serles of chIonde salts tested, NaCI was onIy slightly stim-
uatoral more so and M verX st|mulator Krichevsky §ht 1963).
hown In Figs. Land 2, th esamern Ing obtained with resp ect to the abil ItY
these salts in preventing the efflux of RNA. “At pH 5, L- h|st|d|ne is both ast|mu ant
of the rate of morphogenesm (Krichevsky & Wrig ht 1963;. Krichevsky & Love,
1964, bgand an inhibitor of macromolecular leaka e a gH? itjsnerther.” Although
Bo]gf as striking, the results were similar with D-histidine and sodium phosphate
UTTers.
Thus, materials which stimulate the rate of differentiation seem indeed capable of
action at the surface of the cell. 1t may be postulated that the RNAand protein which
leak from the amoebae are not indispensable for cellular differentiation, but pro-
vide stimulatory intermediates through their catabolism to monomeric constituents,
and this only when available inside the o[\(iamsm Certainly, it is well docu-
mented (Wright, 1964) that endogenous RNA and protein are degraded during
morphogenesis.
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INTRODUCTION

The methods developed by Salton (1953) made dpossmle the study of the cell-wall
composition s a relatively’simple procegure and recent work by others has sug-
ested that cell-wal| composition maybe of use in classifying streptococci (Roberts

tewart, 1961; Slade & Slamp 196# As part of a general Study of the taxonomy of
the streptococci we have collected over 300 strains regresentm? the recogpized
Lancefield grouPs, other named species and a variety of presen I%/ unclassifiable
strains. EaCh of the strains has been examined by a séries of some Ophy3|olo?|cal
and biochemical tests, the results of which will b2 presented separately; "197 of the
strains have been subjected to cell-wall analysis and the results are Fr sented here.
The results obtained confirm previous work to the extent that the cell-wall structure
of & few clearly defined species is constant, but the many different patterns of cell-
wall residues in the less well-defined clusters of strains indicate that the study of
cell-wall composition, as a methad of classification, Is subject to the same limitations
as have long been recognized with other methods, ) _

However, strains usually classified as, or with, Streptococeus viridans fell into two
_maAor divisions on the basis of cell-wall comg_os_ltlon. he significance of this fmdmg
Is not yet clear, but It coes sugges_t possibilities for the investigation of th
species’ S, viridans, which is now efined in terms of the absence of distinguishing
characters. The results also suggest that some, af least, of the non-hagmolytic
streptococci of Lancefield groups A, C and G could be classified, not with their
respective groups, but with'the non-haemolytic strains of group F and the proposed
species S. Milleri (Guthof, 1956).

METHODS

Strains. 103 of the strains were ohtained from culture collections in this or in
other countries, and 94 strains were freshly isolated. All cultures were preserved
in the freez_e-and state, _ :

Preparation of cell valls. The cocci were %rown for 2days in 051 amounts of Todd
Hewtt broth, except for the strains_of Stréptococcus pneumoniae which were grown
In a broth made up of pancreatic digest of casein (L%, wiv), yeast extract, Difco

24-2
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EOS %), glugose (0-5%) and KHPQ4(0-5 %{ at pH 740, Cultures of S, cremoris and
. pneumonjae were incubated at 32°; all other cultures were incubated at 37°,

. The coccl were deposited bF centrifygation and washed twice by resusP_endm
in cold physiological saline after centrifigation. The first cell-wall Frepara lons 0
six strains, the ppeumococci and ope strain in each of the Lancefield r,ougs D, R
and S were lost during handling. This was thought to be due to autolytic enzymes
and in repeat prepardtions the washed cocci were heated in a boiling water ath
for 10 min. before further treatment. L _

The washed coccl were resuspended in cold physmlogimal saline, one droP of i50-
octanol added, and the suspension shaken in & Mickle tissue disintegrator with
an equal volume of Ballotini grade twelve glass beads for 10 min. The cell walls
were e,i)arated from the glass heads hy Rassmg the mixture through a small sintered
glass filter, and then the walls and” the few remaining intact acteria were ge-
posited by centrifugation for 10 min at 12,000 The deposit was washed twice with
molar saling and résuspended in.m/15 phosphate buffer (pH 8 0), contajning, trypsin
Hng./ml. The suspension was incubated overnight at™37° with a few drops of
OIUENE. e N

The cell walls were then washed twice with distilled water and twice with M-
Nat'l. The material was resuspended in molar saling and a differential centrifuga-
tion done by spinning at 100 %for 15 min. to deposit intact cocci and debris, and
subsequentl stmn at 12,000g for 10 min. to deposit the cell walls from the super-
natant fluid’ of the previous operation. Loss of cell-wall material at the stage of
differential centrifugation was great. The cell walls were then washed thrice with
distilled water, or until the supematant fluid was free from chloride and the prepara-
tion was then freeze-dried. The yield of material from 0-5 1 of broth varied beteen
Land 3 mg. depending on the'strain. . _

The methiod of %re aratjon of cell walls is a modification of that described by
Salton & Horne (1951) and was suggested by Salton (personal communication).

Paper chromatography. Three chromatographic systems were used routinely for
all cell walls, but on occasions further tésts were’made and these are descfibed
below. For each chromatogram the products of acid hydrolysis of 2 mg. of cell
walls were repeatedly driéd in a vacuum desiccator “containing concentrated
sul%hu?c acid and potassium hydroxide pellets and finally applied to Whatman

rade 1 paper,
! 10 dep}egt hexoses and %eo hexoses, the dried walls were hydroly%ed with
2n-HCl for 2 hr at 100°. The résidues were separated on a descending chromato-
gram on which the sqlvent was allowed to run for 16-20 fr. The solvent was hutanol
+ pyridine + water (16 +4+3 vlv). The Pa})er was then air-dried and dipped throu7%h
?-ammdme hl%droch orjde in butanol (L%, wiv), and heated in an oven at 70-75°
or 15mip, The d?te?tmg agent, usedin this way, did not react with amino sugars,
amino acias or polyols, _

For the detection of oIP/oIs, the cell walls. were tg/drolysed in.2 x-HCl for 2 hr
at 100°. These conditions a_rg] ly converted ribitol t anh}/drorlbltol. A periodate
and benzidine reagent (Smith, 1960}% was used to detect glycerol and anh){dro-
ribitol; ribitol was farely present on't echromato%rams. Separation of glyceral and
anhydroribitol was achieved with a descending ¢ romatogram on which butanol +
acetic acid+water (12+3+5, viv) was allowed to run fof 40 hr,
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Amino acids and amino sugars were detected in samples hydrolysed for 16 hr in
n-HCGL at 100°. An ascending two-dimensional technique with 10in. square
papers Wwas used, Butanol + acetic acrd+water was the first solvent, and lutidine +
Water (13+7 vIv) was used as the solvent in t e second drrectron Residues were
detected by dipping the air-dried papers through aso utrono ninh drrn In acetone
(0-2%, wiv) and héating the paper inan gven {70-75° for 15 mrnf) hese chromato-
%rams Were greserved b{u drpprnqt em through an aqueous half-molar solution of

Ickel sulphate and the epa%ers in"the oven,

Reproducrbrlrt of results o test the reproducibility of the results regorted
below, fresh preparations of cell walls were made from 26 strains. The strainS were
not chosen at random, for with 7 of the strains the residue glycerol had pre-
viously been reported and anhydroribitol had been recorded &’ present in the
residues, of 12 strains. The same sugars, amino suagars and amino acids were recorded
on the first and second occasions, but glycerol and"anhydroribitol Were each recorded
on one less. occasion In the second series of tests. This surdﬁestst at 8ycero and
anthyﬂr%rrtbrttohl arelrlndrtilatrve of polymers either less constantly formed 0r'less firmly
attached to the cell wa

Grouping reactions. For the pu \ﬁoses of this pay er we have taken the reaction
of a strain wrth an Burrou eIIcome Lancefield rouprnrh; antjserum of the
groups Ato Sas in rcatrng epresence of a group hapten. The cell wall compo-
Sition Is tabulated, where possible, by the presénce of these haptens.

RESULTS

Table Llists the patterns of cell wall residues found and shows that, while twenty-
six patterns of the' occurrences of su?ars and sugar-like substances were detected
more than half of the strains fell into only thrée of these patterns. Table 5 2
listing of these patterns against accepted or possible taxonomrc grouprng]s 0 strepto
cocciand the final colump of this table contajns those straing jn'which e finding of
further characters for differentiation would he useful. Table 3 gives the resuIts
obtained with individual strains from the National Collection of Type Cultures and
the National Collection of Dairy Organisms.

The substances detected

Amrno acids and amino, sugars. The pair of solvents used to separate these com-
pounds gave éroo separatron ofamrno ugars but had limitations for the Separation
ofamrno acids, which tended to lie diagonal Iy acrossthe Raper Aspartic acrd and
?Iutamrc acid were only partly separated and thus, alt our% as artrc acid was
ecorded sbern% LFresent In Sixty wall reoaratrons this ay resent onX
gortronoteo rrences. Muramic acid. glucosamine, ysrneq amrc acid and
lanine were detected n all cell waIIs Valine and leucine %Jr Isoleycine) were also
resent but in smaller amounts, and were ahsent from one_ strain (ncec 6681).
E/crne Was ound In smaII amounts in all but fifteen preparations, and serine was
cted, as well asgafcrne In the pneumogocci and two other strains,
A residue with mobility between that ofglucosamrne and muramic acid in the
solvent_butanol + acetic acrd+water was detected with ninhydrin in 11 strains,
A positive Elson-Morgan reaction (Smith, 1960) indicated it was an amino sugar.
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Table 3. The results of cell null analysis of strains of streptococei. obtained from the
National Collection of Type Cultures and the National Collection of Dairy Organisms

Cell wall
_ , pattern

Stram no. Species and serological group no.
NCTC 8194 S. pyO(IJenes gp. A 1
XCTC 8181 S. doalactiaegp. B 6
NCTC 4669 S. dys qalac 1ae gp. C 2
NCTC 7136 S, equisimilis gp. C 2
nctc 6176 S z0oepidemicts gp. C

NCTC 7379 S, faecium gp. D 9
Nere 8175 3, faecalis var. liquefaciens gp D 10
NCTC 8176 S, faecalls var. zymogenes gp. 11 1
NCTC 8177 S. hovis gp. D il
NCTC 8213 S faecalls var. faecalls gp. D 10
ncte 8307 S urans %p 1
nctc S p 13
ncte 3858 S ubens gE E 6
NCTC 5389 S. 9. IP/I u
ncte 8037 S. 9. G&gp. F 1
ncte 8947 S-sp. gp. 3
Nere 7868, NCTC 10231 3 Sg p, Il 6
NCTC 7863 S. sanquis gp. 11 5
NCTC 7865 S, sangmsygp. H 6
NCTC 10232 S sp. 4p 24
NCTC 8606 S, salivarijus gp. K 6
NCTC 8618 S. salivarius gp. K 1
NCTC 6404 S.sp.gp. L 1
NCTC 7760 S, 8p. gp. M 9
NCTC 6681 S, Tactis gp. N 4
NODO 712 S lactisgp. X, 6
NODO 176 S. Iact|s var. diacclilaclis gp. X 4
NCDO 607 9. cremoris gp. X 1
NCDO 924 9. cremoris, SB X 6
NCTC 8031 S.sp. gp. U 24
NCTC 9824 S.9p. gp. P 15
NCTC 9938 S. sp. p. 8 4
NCTC 10234 S sp 0p.. 6
NCTC 7366 S, salivarius 6
NCTC 7864 S, sanquis type |1 20
NCTC 7466 S, pnetimonjae 21
NCTC 3165 S, sp. ‘viridans’ type il

In the solvent hutanol + i)yrl I|ne+water the order of separat|on was_the same
as r%ucose and in the so vent phenol 4-a %e uF ammomalg henol 100q., water
In an ammoniacal atmosphere th o ity of the unknown sugar was 2-)
relat|ve t0 glucose FCrumpton 1959). This unk nown amino su?arwas ths thought
most I|keI% to be fucosamine, and 1t showed identical mobilifies with fucosamine
btained by extraction of t hyornobackrium lividum (C.” violaceum) xctc 7917
Crumpton & Davies, 1958) in these three solvent systems.
6-Deoxyhexoses, Rhamnose was present in considerable amounts in 155 strains
and was recorded as being present in trace amounts in 10 further strains. Of these
10strains, 7 would in everyday usa%e be classified as Streptococcys viridans and are
included in the final column of Table 2, 2 were strains of S. sanguis and 1belonged to
Lancefield group 0. The possibility exists that if more sensitive methods had” been
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used for the detection of rhainnosc, the proportion of strains recorded as showing
smaller amounts of rhanmose would have been higher and. the number of strains
described as lacking rhamnose would have been correspond|nogl¥ lower, _

One strain (S320) received as Stre?tocqccus cremoris but differing from typical
strains of this species by its failure to 3/|eld an extract reacting with Lancefield
roup N serum gave a sugar travelling Closer to the solvent frort than rhamnose.

his su?ar was Obtained in chromatographieally pure form by elution from paper
chromatograms. _In the CyRIO reaction for 6-deoxyhexoses of Dische & Shettles
§19488 samgles of the unknown sugar gave spectra with the maximum valug gccur-
Ing between 396 and 400 m/t and"a zero reading at 430.in/*; indicating a 6-deoxy-
hexose. The Rimin({ values were 109 in hutariol-f-pyridine +water, and 1-20 in
butanol-(-acetic._acid+water. An authentic sample of 6-deoxy-i.-talose showed
the same mobility in the latter solvent, and similar colour reactions were gven_by
both sugars witha vanillin + perchloric acid spray (MacLennan, Randall & Smitf
1959).Electrophoresis with constant_current (-1 mA./om.) and a voltage range of
150 fo 300 V. In borate buffeM)H 9-5 showed identical mobilities of the unkriown
sugar and 6-deoxy-n-talose (MacLennan, Randall & Smith, 1961). The unknown
sugjar was therefore thought, most likely to be 6-dcoxytalose.

The strains examined

Lancefield group A (Streptococcuspyogenes). The cell-wall compositions of 26 strains
of S. pyogenes ([Lanceﬂel grouPA has beén described by Michel & Gooder (1962).
They found that rhamnose Was the only neutral sugar Present, afinding confirmed b
our examination of 3 strains. N-acetylglucosaming isthe determinant of the group
antigen gl\/IcCarty, 1958g, but the conditions of hydrolysis used will de-aCetylate
Such s_ug rs and the detection of residues found in hydrolysates of cell walls would
not dis mgmsh between glucosamine as part of & cell ‘wall polysaccharide and
glucosaminie as part of the mucopeptide.  As mentioned previously glucosamine
and muramic acid were detected in all cell walls. _

Lancefield group C. Cell walls of 5 strains of group C were examined and galac-

tosamine was the only residue additional to those found in strains of Streptococcus
p&ogenes. This sugar in the N-acetgl form is the determinant of the group Cantigen
E rause. & McCarty, 19623. All 5 strains were found to have the"same cell wall
omgosmon but Sfade & Slamp (19622 and Michel & Gooder 9962 nave recorded
|ucose as an additional residue presént in the cell walls of some group C strains,
| hree strains of group Cwere from the National Collection of Type Cultures and are
|IS'[(t9d_Ir|1 Table 3, and the two further strains were isolated from human clinical
material,

Lancefield group B.  Seven strains, of Streptococcus agalactiae (Lancefield group B
were exammged0 ePnd, of the neutral sugar_g, aﬁ contdined ﬂ\a nose, gFugose pan(]

alactose and all lacked galactosamine."Five strajns showed only frace'amounts of
lucose on the paper chromato?rams._ Strains with these three aldose sugars and
acking galactosamine form pattern 6 in Taple 1 One strain (gw 57) gave a preci-
pitate With Lancefield grou R sera as well as a group B serim but has been. in-
cluded as @ strain of S, %galactlae a5 1t had the physmlo%lcal and biochemical
reactions of this species and was unlike strains of group R. Slade & Slam _‘_1962?
and Wittner & Hayashi (1965) have both recorded galactosamine as an additiona
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constituent of the cell wall cf group B streptococci. This cell wall composition in
Talole Lis designated as pattern” 11, which with pattern 6 comprises almost one half
of the strajns examined,

ance%r rou G. Curtis & Krause 1964 have presented evidence of an anti-
gemc reIattonshtp between the ceIIwaIIg nysaoc harides of groups B and G strepto-
0cCl However our studies showed differerices in gross ceIIwaIIcomposmon In that
all 5 haemolytic strains of 1group G _contained alactosamtne and acked glucose
wh|Ie none of the strains of group B contained” galactosamine and all cofitained

Lancefleld group D. Of the species forming Lancefield grouPDsome wal| hydro-
lysates contained dlycerol some anhydroribi oI and some neither. This | |s the bais
of the leISIOﬂ ot ese stralns |nto atterns 10.and 11 in Table 1 wo strains
have been included by us |nth|sgroup foratoud rouping
reacttons talled |n aII other respects the showed the' reactions ty Ptca §tr to
cocous facealls. Six cidtures were common to our study and that of Slade Samp
519623 they. were the cultures from the National Colléction of TYpe Cultures listed
S group |n Table3 The same su?ars were detected in both studies.
roups @, R Atota o onIy73tra|ns from culture collections, were
examined |nthe rou s? Sand T. The strains in groups R Sand T showed the
re3|dues of the two most frequently found gatterns those humbered 6 and 11 1n the
Tables Land 2. Onestrain |n group S, s 1230, was unusyal in that a large amount of
glycine was found n the ce Wl and 1 IS strain was also aatolytic,
Group L. . Analysis of cell wall Pregarattons from tourdttferent cultures of group L
streBto occl showed a differen ROSIIIOH for each strain. Two straifs were
ropa Oy isolated from animals, the other two were isolated from hospital patients.
COa epen dent stregt coccl. These two straing were isolated by Fitzgerald & Keyes
51960 and were cap ble of causing dental canes in the hamster. They differed from
he ‘minute’ streptococel found in groups F and G (Deibel & Niven, 1955% in that
they required carbon dioxide for growth on normal laboratory media, that they
were non-haemolytic (indifferent) when %rown on horse bloog agar Plates and in
their absence of d recognized group antigén. Both strains had the cell wall compo
sitjon numbered6wh|Iethe mtnute stréptococci of group F examined by us had th
cel| wall attern numbered
Group F and Physmlo%cally related streptococu Streptococci of Lancefield group
F, particularly thé non- aemo ytic strains, have many physiological charactgrs in
common with strains that lack arecognlzed group aritigen but contain an Ottens
antigen (Ottens & Winkler, 1962); with streRt coccl ot the Proposed Species
Streptococcus milleri (Guthof, 1956); and with the few non-hagmolytic streot coccl
of groups A, C, and G that we have examined. The.42 strains thus grouped I%;ether
show consi erable similarity :n cell wall composition. The compositions of the cell
walls of the indifferent stratns of grougs A, Cand G are closer to each other and to
the stratns of grou F than 1o the haemalytic strains of groups A, Cand G. The
non aemo t| stre tococcus of group A mentioned inthe paper ot Michel &
Gooder (1 e similar to the o danlsms included here.
One stratn (fw113 pattern b), extracts of which Eaveadela%ed prempttate W|th
roup F antisera was of interest, for its cell walls lacked detectable amounts of both
alactose and galactosamine. Michel & Willers (1964) partially hydrolysed the
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polysaccharide of a group F strain and obtarned a drsaccharrde of glucose and
?alactosamrnew ich was a most otent Inhi |tor of Flanti-F reactions, From the
esults of inhibition tests these authors thought glucose to be the major determinant
ogsatntragenrcrty and the finding of this strarn provides further evidence for that
U

: Group N. Six cuItures extracts of which 5g{ave a precrprtate with group N serum,
were studied. They belonged to_ the species Streptacoccus lactis, S. lattis var, diageti-
lactis, and S, crenors, but their species desig natron was not correlated with their
wall composrtron One strain sent 0_us s a typrcal rePresentatrve of S. cremoris
(320, pattern 12) could not be identified by serological methods but it gave the
physrologrcal reactions expected of a strain of this species. It was this strain that
contained the unusual sugar 6-deoxytalose, a sugar identified by MacLennan (1961)
in Actrnomyces bovis,

Group P. The three strarns belongrng to group P were notable in that the aII
contained fucosamine but lacked g%a |dctosdmine.  Fucosamine was reporte rh/
Wheat, Rollins & Leatherwood (1964) as a cell wall constituent of an organis
identified as Bacillus cerets.

Grouo E. Six strains beIongrng to Lancefield groug E were examined, One
was a strain of Stregtococcus aberis two were haem Iytic, and three strarns showed
%reenrn on horse blood agar. neo te aemol trcsrarns ncte D a ern
3) has been examined by Cummins & Harris (1956a), Michel Gooder 219 and
Slade & Slamp (1962). All of these workers descrre mannose as present in, the cell
wall of this strain. Within the, limits of our techniques we did not confirm this
finding but did detect fucosamine. One of th etgreenrng strains ($322, pattern 14)
contained an amino sugar we were unable to identify. The chromatographrc mobility
differed slightly from that of fucosamine.

Streptococcus uberis. One strain of Streptococcus. uberis that did not helong to
8rou was examrned and jt differed in composition from the strain of S. uberis

8 oup the absence of galactose.

roup H an StrePtococcus sangurs Aworkrng definition of serological groups
was wen In the section on methods and this defifition needs clarification here or

oor (1964) has pointed out that both group H and group K are serol ogcay
hetero eneous. Wrth the sera we used to examine our collection, strain. Challis
gnctc 868) helonged to %rouprhrle the strain Perryer (+ % a) examined
lade & Slam P( 62) did nat, although hoth strains were |soIated and charac
terized by Professor R. Hare as group

Seven Strains of Strepococcs san?urs serological grou H were examined and the

I¥ unusual feature of the cell walls noted was that of the 4 strains with the cell

attern numbered 6, in Table 2, 3 strains contained ﬁlucose and galactose at
te west [jmit of detection. Six strajns were examined that belonged*to group
and that failed to produce a polysaccharide on sucrose-containing media,
these strains contained small amounts of fucosamine (pattern 15).

Strains that are classified as Streptococcus sanguis but lack thé group H hapten
are of Interest, for two general patterns of cell” wall composrtron can be seen in
Table.2, Some strains have the commonest gatterns found amang the strentococcr
contarnrant rhamnose, glucose and galactose and either contarnrn galac 0samine
(pattern 1) or [acking’it (pattern 6). With the exception of one Strain, the other
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strains, of S, sanguis not of group H differ markedly. The residue anhydroribitol is
to be found and"the walls Jack or contain only trace amounts of rhamnose One
of Washourn, White &erens (1946) strains of S. sanguis type 11 ..... 7864)
shows the Iatter ?enera atter,

Group K regtoco cus salivarjus. With ong exception, the strains ofgroup K
ang the strarns of Strejrtococms salivarius, whether or not they contained the K
antigen, showed one of other of three cell wall patterns, Elevén of the 15 strains
weré found to belong to the patterns 6 and 11 (Table 22 Three of the strains of
roup K that did pot™proguce levan drffered markedly in cell wall composition from
de? other 12 strains In that rhamnose was not present while anhydroribitol was

Roberts & Stewart El%lg found rhamnose to be absent from a number of their
strains of group K, but present in strains of Streptococcus salivarius that contained

e Kantigen. Our results thus confirm an extend their frndrngs

Gro ups M and O, Streptococci of rougMare described as possessrn% rhamnose
in the ceIIwaII (Roberts Stewart, 1961, Iade&Sarr%% 1962). We foun rhamnose
mteonryn aemolytic strain we examined bPatern ), while 1t was
absentfro the ceIIwaIs of the 3 greenmg strains isolated from man. In all strains,
Including the one with rhamnose, ‘anhydroribitol was detected.

The rouP 0"serum used In the identification of our strains contained antibodigs
reacting with components of streptococci of more general occurrence than the ‘Q”
antigen (Stewart 965) Thus g fuller serological analysis of the strains included in

rou O might lead to some being excluded” Of the total of 5 strains examined b
ob rts & Stewart I(1961) and Slade & Slamp (1962) .none contained rhamnose.
Six of our strains were found z0 lack rhamnose ant to yield anhydroribitol (pattern
24) and the seventh strain was found to contain rhamndse in an dmount at the lowest
level of detection (pattern 25),

The pneumococcr Three preumococcal strains were examined and our findings
confrrmed those of Roberts & Stewart (1961) in that we did not detect rhamno3e
but id detect both %Iucose ang galactose attern 20). OfRartrcuIarmterestwasthe
finding of large amounts of?I ycerol in the residues of nydrolysis. Glycerol was
detected among the residues from a number of other cell wills but then”always at
the Towest level of detection,

Strains lacking positive drstrngurshrn(I] characters. The last column in Table 2
contains the results from 37 strains thal lacked positive drstrngurshrng characters.
| these strains are divided on the basis of cell wall compasition; one stfain (pattem
26) 15 cIearIy unlike any other, for it had the residues usuaIIy found in the cell wall of
a staph Syococcus ummrns & Harris, 1956L). The 16°strains included in the

attern 510 15 had the residues ustafly associated with streptococcl, namely
r amnose, one or more additional neutral sugars and the aming acids common o
nearI all strains. The 20 strains in Ratterns 6 10 25 lacked entrrelg or contarned
maII amounts of, rhamnose. The 37 straing_ showed consideradle diversity |
Eh%/sro ogrca tests buf the strains in patterns 23, 24 and 25 were physiologi aI
ilar 19 the strains included in Lancefield group O.
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DISCUSSION

In this study the residues present in hydrolysates of entire cell walls have
been investigated as part of a taxonomic strvey of the genus Streptococcus, The
results of prévious investigations are confirmed to the extent that well-established
sRemes such as StrePtococcus Iyo enes and S. agalactiae differ from each other in
t ewcomPonent cell wall sugars, ‘out unfortunately these species are the exception
and very few taxa are composed of strains showing ong cell wall patter.

The current classification of streptococci is hased, first, on the possession. of a
Lancefield f(%rouP antigen; second, 1n a few species on the basis of a single striking
marker sych as fevan é)roducuo_n (Streptococcus sahvanus%; and third, ond composite
picture of physiological activities. The taxa defined by these different bases do not
always coincide, as exemplified agam with S. salivarius which may_ or may not be
group K. . Cell wall composition Seems to constitute yet another dimension in the
Clasification scheme. The production of a dextran-like Polysacchande from sucrose
Is the diagnostic feature of S. sanguis, the species is serologically heterogeneous, and
In addition it shows 7 different patterns of cell wall composition, .

At the same time there are some parts of the genus in.which cell-wall comgosmon
meg/ 2oerhaps offer some help. Thus the rhamnose-deficient strains (Pattern 23, 24
and 25) _me}%/ have sufficient other characters in common to syggest that they form
a significant cluster. Apart from the total pattern, cell-wall dnalyses may be of
valug when it can be shown that particular residues are associated with an antigen
as, for example, %Iucose in the [oupFanngen. _ _

It should also e possible to find methodS for seﬁaratmq the varjous structural
components of the cell wall and it is possible that this would provide a more com-
grehensmle_basm for a taxonomic classification, but much further work is needed

efore this js possible. Meanwhile the present results show that there is a sufficient
variety in the cell wall composition of the different members of the gen_us to suggest
it might be possible to find some more satisfactory grounds for defining Strepto-
C(t)cc_us viridans, therto defined on the lack of distingliishing characteristics of the
strajns concerned. _

The residues found are presumably components of the various sorts of polymers
found in cel| walls and which have Bieen discussed by Salton (1964). Glucosémine,
muramic acid and the main amino acids are presumably components of the muco-
peptide. The amino acids Ipresent in lesser amount could come from a trypsin
resistant gepnde_t_hat adneres to the cell wall, or the mucopeptide may be of more
complex composition than is usually described. Cell wall polysaccharides whether
they be ‘group’ or ‘type” in nature Could contain amino su?ars and neutral sugars,
and tejchoic acids would be exgectebd to contain a i)olyo, alanine and a sugar.
Little Is known aboyt the lipids of bacterial cell walls,"but perhaps the Iglcrol
found in the cell walls of the pneumococci might be a component of the feCent
described glycolipids of Gram-positive bacteria {Brundish, Shaw & Baddiley, 1965).

This study was supPorted by the Medical Research Council, and the authors also
wish to acknowledge the heH) given by the workers in many laboratories who sent
straing for investigation and to Dr A”P. MacLennan and Major R. E. Strange for
the gifts of 6-deoxy-L-talose and muramic acid.
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INTRODUCTION

The self-heating of haled hay has been studied in relation to the microbial and
biochemical changes during moulding (G fqory, Lacey, Festenstem & Skinner,
1963) and to the developmento anhgenso mmuno ogical significance in farmer’s

Iung disease gGre?_o I-PI etal. setal F 3) attributed the presence of
tT eeremgngpen comp Iexg to the rowth of the thermophilic actinomycetes

}/ Pora Ip spora and Micromonospora vulgaris,
boratory experiments on self-heating” of hay were made_by Miehc
5907) who used a ceritral wire confainer filled with hay surrounded by similar con-
ainers insulated with cotton-wool. Dewar flasks were used flrstb Hildebrandt
(19272 and James RettBer&Thom 1928% and later by Miehe (1

experiments in Dewar flasks began as studies on the e ects of water and

aeration on the self-heating Erocess in attempts to reach high temperatures. Hay
very rich in FLH antigen was produced so the effect of water'on antigen production

G. Microb. xli
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was examined_ in mere detail. The chopped hay used in the wide-mouthed Dewar
Masks was easily mixed with water, so avoiding sampling errors caused by uneven
water distribution, which is unavoidable in baled hay.™ A few experiménts were
made with moistened barley and oat grain.

METHODS

Two hatches of good quality air-gry hay were used in most ex¥enments; 19%1
hay from a timothy grass and fescue Ie}( (*SB”) hay, Gregory et al. (1963), used from
March. 1962 to November 1963 came Trom a stack storgd in a barn; samples were
periodically chopped into 1-3 cm. lengths and stored in polythene bags or in sacks
at outdoor temperatures. The water content was 16%, excépt for the'last batch in
November 1963, when it was 19%. _

The second batch of hay was baled in 1962 from a perennial ryegrass + meadow
grass ley; a bale was chopPed in Novemper 1963 and' used until"March 1964, The
water content, also 16% at the start, fell to 9% after storage in sacks in a heated
?reenhouse. The other hays were from bales made in 1962 (Yorkshire Fog-f- Agrostis
le g3aﬂd 1963 (tlr{]ottlw +meadow fescue +white clover ley), referred to ds 1962' and

ay, respectively. _ _

A wel}éhed IOquant|t))// of chopped hay (usually 500 ﬂl) was moistened in a poly-
thene hucket to the requirec. water content, thioroughly mixed by hand and thén
transferred to a 4 L Dewar flask. All. and'a 10 1 Dewar flask were also gccasion-
aII){(used, and in one experiment a barrel lagged with glass fibre sheet was filled with
15%kg. hay that had been moistened and mixed on a concrete floor. Water content
1S ?Nen ds percentage wet weight, and weights of hay given all refer to the weight
before adding water’. _

In experiments with barley F14% water content), 2-5 kg. rniram was used and
water added to give a content ot near 40%, but the water was fot all absorbed and
some accumulated at the hottom of the 4 L Dewar flask. In one experiment, as also
In the experiment with oats (12% water content), the grain was left to stand with
the added water with occasional mixing, for 5 hr,'beforeall the water was taken up.

A plug, of cotton-wool about 2 cm. thick was placed on the surface of the hay or

grain and one or two extra similar layers placed on top and overlapping the sides
0f the flask to lessen heat loss. A thermometer was inserted into the ceptre of the
mass and the 4 1 flasks contained a second thermometer 2-3 cm. from the bottom
of the mass 25 ¢cm. deep. The thermometer in the barrel was in a metal tube filled
with paraffin oil, to ensure_?ood contact with the bulb, ar.d also to diminish the
temperature change, when it was raised by thread to be read.
.Grain remaved at the end of the experiments was subdivided into layers accor-
ding to the visual appearance of microbial growth. The hay was occasionally sub-
divided in this way, but usually into three portions of approximately equal welght,
deanated ugrp%r m|ddI? and lower layers; only the” middle layer was usually
examined microbiologically. _

The samples were analysed as described by Gregory et at, (1963) and G,re(IJory etal
{1964)|, except that the short cho?ped nay and grain to be examined in the’ wind
unnel was placed in musljn bag(s 0 prevent too much of the material bemg blown
away. For immunological work the hay and grain samples were extractéd with
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phenol saline after defattm(‘; and the extracts Seitz filtered, dialysed and freeze
dried. All extracts were tested for precipitin reactions in a?ar gel ‘against a set of
twentg/ sera, using the double-diffusion method of Ouchterfony; and’ by immuno-
electrophoresis, as descnbed by Pepys et al. (1963) and Gregory et al. (964).

RESULTS
Factors affecting self-healing

Quantity of hay. Flgurelshows that 50 g. hay at 40% water content mall
Dewar flask self eated t0 on%/28° hut 25 atame 49, Lar er uant|t|eso
yd|d not become much hotter, 350 and 5 fg];se f-heating to 4
spectively; 15 kg. in the a%%ed barrel also reached 58°. The self heatmg patterns
were very similar, with bro

70 -

maxima and no subsidiary peaks.

60

50

B
o

Temperature (°)
A
o

N
o

—
o
1

1 1 ] 1 1 J
20 40 60 80 100 120 140 160 180 200 220

0

°r

Time (hr)
Fig. 1. Progress of self-hea t|g of different quantities o f1961 hagl mmstened to 40%
watercontent (March 1962-January 1963). 5g. 50¢.; —0—, 350¢..

L5009 0, 15kg.

Aeration. Aeration was usually by diffusion through the cotton-wool plug,at the
toB of the flask, but in some ex enments It was inCreased by passmg air down a
tune to the tfottom of the flask he flow rate wa measure With a rotameter,

Additional aeration at 25 ¢.c./min. accelerated the cooling of 350% hay after the
maX|mum temEerature was reached, but had no effect on the self-neating pattern

500% hay, Figure 2 shows the effect of var mg the rate of airflow in a flask with
500% ay Where“entry of air by diffusion was prévented by closm? with @ woogen
lid: the temperature ose to only 44° on aerating at 25 ¢.C./min eII to 32° when
aeration was sto Bed and rose to 57° on st?rtlng it af?am at 40 ¢.c/min,

Aeration of 1250 g. hay in a 10 1 Dewar flask by diffusion through a cotton-wool
plug only, was inadéquate for maximum self-heating of the hay towards the bottom
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maximum tempera
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of the flask, Maximum temperatures of 63°, 52° and 50° were attained in the upper,
middle and lower Parts,frggspecﬂvelg_ with additional aeration at 50 ¢.c./min., a
|

uré 0

Was ob

ned at all levels. Temperatures found at the

hottom of 4 L flasks closed with cotton-wool plugs were usually a few degrees
higher than those in the middle.
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Fig. 2. Effect of aeratign on self-heating of 1961 hay (500 g. moistened to 40 % water
?ontent,; February 19?3p)|-, Dewar flask with fitting wooden lid aerated as shown; O;

lask with cotton ‘woo

ug, aerated by diffusion.

Water content, storagg and, type of haX. Figure 1 shows the self-heating pattern of

191 hay in March 1

2-Janiia

Figure 3a shows that in Sepre

contents (

ry 19

' rXber-October 1963 secondary ‘oeaks developed a

thése were |:o_arncularl'y_ rominent in November 1963, esp?mal
10. 30). |g§ure 3¢ shows neating patterns' for

When there was one broad maximum 0mr¥d

at the larger water
1562 hay, s?udie at

different water contents, with mostly broad, single peaks as for the earlier 1961 hay.
Two, other hays examined at 40 % Water contént showed considerable differences,

Parncularl I the times taken, 45 and 130 hr
emperature (Fig. 3d). Increasm§

of any part|cular£1ay (Figs. 3,

heat above 30°; hg
differences in heat]

Fun
consid

:

a/s With 57 an

respectively, to reach the maximum

water content accenfuated the heatin? paftern

hays with 30% or less water content did not

68% water coptent cooled slowly. Despite the
0 pattern, there is a general relauonsh|g betweeri the maximum
temperatures reached by the different hays and their wat

r contents (Fig. 8).
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species. Spores were abundant in hays of 28 to 29, 31, 34 and 47 % water content.,
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loergnlus species gave a good guide to the initial water
us glaucus was most abundant ir. hay at 26% water
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content (Figs, Ib, 5). A. versicolor and A. nidulcms accounted for the peaks of
As _ergnlus ype s?ores at 28-29 and 31% Water content, resgectwely, and A
fu IH tus was most abundant at 40% water content. Mucor type spores; probably
most g Absidia sp. were most ahundant in hay at 34% water content gF|g. 46) and
Hwnicola lanuginosa and Paecilomyces variotl caused the peak at 47% on Fig. 4

Paecilomyces

75 |- Other
Aspergillus

Humicola lanuginosa

@07 T

S A. glaucus
25 -

—_
Aspergillus Aspergillus
ascospores

| —— ascospores
0

I 1 1 1
20 30 40 50 60 70

Water content (%)
9. 4. Micraflora in hays of different water content as determined by cascade impactor.

Fi
dJ, —, fungi,——--, actinomycetes and bacteria; (6), proportions of fungal spore types.
g = Paecno%nyces, S= Scogularlopsw, M = mlscg??anpemf)s. PR

Other species isolated included Scopulariopsis brevicaulis (most abundant at 28-
29% water content?, Mucor fousnlus (40-47% water content) and occaswn_al!Y
Malbranchea pulchella var. sulfurea, Aspergillusflavus, A. mger, A. terreus, Penicil-
lium spg., Cladospormm_sp,, and Sparatrichym spﬁ. The valties for the ha¥ of 68%
water content are those in'the upper layer, which had to be partly. dried before wind
tnuurmglersexammatlon and this may account for the apparent “increases in spore

Actinomycates and bacteria, Actinomycéte sPo_res fmd %actena as determined h
the cascade |m(pactor, Were few in ha contanm% ess than_30% water (F'é" A«
the hays of 40% water content contained a mean of 430 million spores/g. dry wt
The most, 1220 million sgores/ . ary wt. were at 4/% water content.

Bacteria growmg at 25° and 60 were isolated in Iargest numbers from hay at
47% water content, and those grovyln? at 40° from haX of 34% and 68% water
content, Ulo to 85% of 40¢ baciena rom hays of 40% water content were fila-
mentous colonies of the Bacillus lichenjformis type.
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Andersen sampler E)Iates incubated at 24° and 40° showed StreE amyces fradlae
to.be most abundant In hays at 3L% water content (F ew"colonies of
Micromonospora vulgaris or hermo?olyspora Pnlyspora were |solated from ha S at
less than 32% watér content; most were isolatéd from hays at 68 and 47%, re-
spectively. Thermopolyspora glaum occurred ina similar way o T. polyspora

100 \
/|
j
| |
90 \
/ |
SUERR
r
50 |- [\

40 1~

30+

No. colonies isolated with Andersen sampler/g. dry wt. hay

op I

20

Water content (9%,)

Fig. 5. Occurrence of Aspergillus, s eues |n avs a dlfferent wajer contents
92 A? migatus,—-- p A ersi or; - }4 .............. f glaucus

FLH antigen

The early expenments with d|fferent uant|t|es of hay at 40% water content
showed that extracts of the samples of 2 d g ay reacted in the double
d|ﬁu3|on test W|th 17 and 19 res ect|veI 0 203erate ted Extracts of samples of
teu p r and lower halves of te SQ%hay reacted with 8.and 19 sera resgec
tively; the upper layer contained predo mantly ungi, especially Aspergillus Spp
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and Humicola Ianu%nosa, and the lower Ia%er c%ntained these plus many white

actinomycetes, which were also observed in the other samples mentioned above,
Effect’of water content. Table 1 shows results for 500 ¢ quantltles of hay of water
content of 40% and less. The results are for the middle layers of the flasks only:
extracts of the lower Ia¥er usually reacted with more serd than did those of the
middle layer; extracts of the upper layer reacted with fewer sera, as with the 350 g.

sample above.

120

100

23
=}
T

20

No. colonies isolated with Andersen sampler/g. dry wt. hay
L]
o
T

20 30 40 50 60 70
Water content (%)

Fig. 6. Occurrence of actinon ycete species in hays at different water contepts, —,
Micromonospora vulgaris-,—--- ; Streptomyces fradiae; -, Thermopolyspora polyspora-,
............. , Thermopolyspora glauca.

The haEy samples with 40% water content reached maximum temperatures of
57-06°. Extracts of these samples reacted with 18-20 sera and gave typical immuno-
electrodohoretlc patterns ﬁPepys el al. 1963). Extracts of some hays’in the range of
29-34 % water content also gave typical patterns and these hay$ contained many
Thermopolyspara polllysyora, iSolated by the Andlersen samgler. _ _

The hays of 29-34% water content self-heated to 33-55° and differed consider-
gly In their content of FLH antlgen. Those hays with less than 29% water self-

a
heated little and their extracts reacted with few sera in the double-diffusion test.
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Only occasional reactions were observed in the immuno-electrophoresis test and
these consisted solely of the C ling, which is typical of reactions ?lve_n by fungi,
glJartlcularIy Mucor and b}/ the actinomyeste Micromonospora vulgaris (Jenkirs,
9%4). Very few Thermopolyspora polyspora were isolated from thesé samples.

Table 1. Occurrence of FLH antigen in self-heated hay, classified
according to immuno-eléctrophoretic analysis

ﬁallskesxperiments with 500 g. hay (initial weight). Results for middle layers of Dewar

Hay reference
1= 1%1 hay Number Number
(fora, b Water Max. reacting  T.polyspora
see Fig. 3) content temp. sera colonles/g.
2 = 1962 hay (%) n (max. 20)  dry wt. hay PH
A, B and C lines
(i) Strong pattern
%a 0 57 18 311 70
40 00 18 60 80
1962' hay 40 61 2 - 1-2
963 hay 40 6/ 19 47- [-1
o] 3 5 19 39 85
& RV 47 17 6-3 1-6
(i) Weak pattern
2 R 46 il 0-9 1-4
[t 31 4 14 0 6-9
& 30 3 14 0 6-9
& 29 32 10 0 6-9
C lines only
2 32 42 il 0-4 1-8
a 31 47 [ 0 -3
a 29 3 6 0 -l
a 28 36 b 0 1-3
No lines
1t 30 3 7 0-9 -l
2 30 30 0 0-5 -5
a 20 31 5 0 1-3
a pal 2 5 0 6-9

Table 2 shows the results for the wetter hays of 47-68 % water content, which
self-heated to, 61-65°. The more water the ha% contained, the less FLH antnI;en Was
Rresent, particularly in the lower part of the flask. Thermopolyspora pofyspora

owever, was abyndant in all such hags including the ugper layer of the iettest
hﬁy, atr_l extﬁct of which reacted with only 8 sera and gave a weak immuno-electro-
phoretic pattern.

Microfloral succession and development of FLH antigen
_ ~Inhay of 40% water content _
_Seasuent|al events during self-heating were studied by filling each of elght flasks
with 500 8 1962

hay and émptying oné flask every day. The flasks differed slightl
i heatin pattern,ypro%abl)E %/ecguse of dif?ere%es ¥n packing, but the ge%ergi
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pattern was srmrlar and the series can be regarded as sequential samples in the same

experiment
Eungr FnaI ores rncreased rapid| durrng the frrst2d¥s when yeasts Were
Eredomrnant 4 days numibers had declined to ewer than 1 million
pores/g. dry WE hay. They remained few until the 9th day, when numbers of
Humicola lanuginosa, Paecilomyces, Mucor and Aspergillus type spores all increased.

Table 2. Occurrence of FLH antigen in seff-heated- 1962 hay
of -cater content hetween 47 and 68%

No, No. Immuno-
Water Layer of reacting T. poI yspora electro-
content Dewar sera co onresA% phoretic
(%) flask pH (max 20)  dry wt. hay pattern
Iy Upper - 18 Strong
Middle [-3 18 30 Stron
Lower 0-7 19 We kg
57 6-8 18 Weak
Mrr)gdle 6-8 19( 19 Very weak
Lower 61 Negative
-6 20 Weak
o M%)dle -8 C Irnes only
Lower 71 1 Negative

Bacterja. Diution- plate counts showred that bacterra able to grow at 25° in-
creased from_about 1x 106to 3-7x 109 organisms/g f¥ urrn the first
. 7). The colonies were almost all rmctrform bu crorane eowan con-

srs ed o Gram- ?osrtrve cocC referrable to Mrcrococcus Subgroup Baird-Parker,
1962). For the first 5 days this tlype of microflora remained essentially unchanged:
alth ough the numbers fbacte ia increased still further; thereafter, the numbers
declinéd but the proPortron forming filamentous colonies, mostly Bacillus licheni-
formis, increased. After 6 days, filamentous colonies constituted over 68% of the
total faIIrng to 44% on the 8th day, when the total numbers had declined to

[

On plaqes rrrcubateh/ at 40°. these filamentous colonies formed a significant
proportion of colonies from most samples, though colonies. of micrococci were
also numerous. Numbers of filamentous colonies” changed little. throughout the
%&er]rergent but their proportion of the total increased up to the fifth day"and then

Thermophrlrc bacteria growing at 60° occurred only in the last three samples and
formed 21% of the total coloniés in the last two; most colonies were thermophilic
actrnom cetes. The And ersen sampler detected a few thermophilic bacteria'after

s dnd more from four days onwards,

Actrnomycetes Actinomycefe spores and bacterig increased rapidly during, the
first 2 days, but, after a decline, numbers were still increasing at the end of the
experrment gFg 7)... Andersen-sampler plates indicated that mast of the organisms
during the ear r(p riod were bacteria, Few MrcromonosPora VUlgaris were Tsolated
at 60”unti| the third day, but numbers rapic.ly increased to a maximum after 5days.
Thermopolyspora polyspora was first detected after 2 days at 60°, but colonies were
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rare unti| the fourth day and reached maximum numbers on the seventh day.

LH antigen was first detectable on the third day, at the same time as the numbers
of actinomycetes isolated became significant, The presence of stronq immuno-
electrophoretic patterns on the fourth’and subsequent days relates well with the
concomitant appearance of significant numbers of T. polyspora.

Effect of heating and growth offungi on Thermopolyspora
polyspora antigen _

Gregor% et al. (19643 found that the FLH antigen content of seﬂuentlal samples
of baled hay fluctuatéd. A possible causg of this could have been that extensive
development of fungi destroyed the antigen and this possibility was studied in
experiments with 50°. quantities of 1961 hay in 2 Ib. Kilper jars, as used by Pepvs
el al. (19632). Sterile ammoniated hay was inpculated with hermoPoIZS ora E_ol_y-
spora, incuated at 40° for 13 days and then inoculated with a mixturé of Absidia
sp.,. A er9|llusfum|gatus, Humjcola lanuginosa and. Muenr gusnlus, and incubated
again for 20 days at"40°, Samples both with and without added fungi had a pH of
/-5 and extracts reacted with seventeen sera in the double-diffusion test. Typical
Immuno-electrophoretic patterns (A, B and Clmes] were observed, though the
extract of the hay inoculated with Tungi was slightly less reactive than the éxtract

of the hay inoculated with T. polyspora alope. . _
_Thermdpolyspora i)quspora grows unevenly on hay in jars, so to ensure its equal
distribution, “severa Aars werg incubated for 6 weeks at 40°, when areas of ha
showing good growth were bulked, well mixed and re-distributed in four jars.
Propyléng oxidé was added to these jars In the_usual way to sterilize them and the
vapour allowed to disperse (fPe vs et'al. 1963). Two of the éa_rs were then inoculated
with_the mixed fungi as before, the third treated with sterile water and all three
{ars incubated at 40°. One jar containing the fungi was removed after 1week and
he other two after 3 weeks. The hays from all these jars as well as from the unincu-
bated jar had similar FLH antigencantents, sugqestm% that prolonged incyhation
at 40° with or without concomitant fungal growth, did not alter FLH antigen in
any way.
Self heating of barley and oat grain

In the first experiment with barley at a nominal 35% water content, the tem-
perature slowly increased to 58-5° in 13 days, remained between 55 and 59° until
47 days, when'it sIowI}/ fell to 46-5° at 55 ?ays. There were UP to 90 million Asper-
gillustype spores/g.d wt. nthe wer ayers mostlgl A. flavus. Humicola lanu-

Inosa was most abunant in the miaale layers (UP t0 29 million spores/g. dry wt)
ut few colonies were isolated and there were few tungi in the lower layers ofgiram.
Actinomycete spores and bacteria were most abundant in the middile and Tower
layers, with Streptomyces fradiac Predommant near the surface and Thermopoly-
spora polyspora and “an upidentitied white aetinomycete in the midale. Mot
Mlcromonosgora vulgaris colonies were isolated towaras the hottom, but this species
Was otherwise not abundant, _ _

I[mmuno-electrophoresis showed that FLPI antigen was present in extracts of
barley taken from the middle layers of the Dewar flask, with pil 7-2-/-t S_Table 32.
The fayers above were more alkaline (pH &1 and 8-4) and extracts contained less
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antigen; extracts of the lowest layers, with 53 and 58 % final water content, did not
gontatmtd(ejtectable amounts of antigen, but gave a non-specific reaction with all
eratested. _ .
A second experiment with barley at 33% water content which ended after 7 days,
showed a similar slow rise of temperature as the first to 43-5°. Aspergillus flavus
was similarly abundant in the upper layer, but the number of Penicillium colonies

Table 3. Occurrence of FLU antigen in self-heated barley and oats grain

Weiqht of Final No,

sample (g.) Water reacting _
final wet content sera Immuno-electrophoretic
weight) (%) pH (max. 20) pattern
(Expt. 1) 2-5 kg. barley (14% water content) + 800 ml. water
104 (top) 12 6-3 6 Negative
155 18 6-9 10 Negative
140 I 15 13 Negatlve
333 23 81 16 Vely weak
176 21 84 6 Weak
212 24 -4 ! Strong
168 20 -2 7 Strong
291 20 -3 8 Strong
170 38 [-3 4 Very weak
229 03 6-9 2 Negatjve
389 (bottom) 58 6-9 1 Negative
Control 14 6-6 - -
(Expt. 2) 2-5kg. barley+ 700 ml. water
242 (top) = . . Y
471 30 6-4 3 C line on
1690 il 63 i ¢ {16 only
446 44 0-4 1 C line only
280 (bottom) 46 6-5 10 Negative
(Expt. 3) 2-5kg. barley soaked with 1000 ml. water

153 (top) . - _ -
246 20 -l 10 Negative
1326 33 -l 9 Strong
1106 (bottom) 40 -l 8 Strong

25 kg. oats7(12% water content) soaked with 1000 ml. water,

2-167 kg. moistened oats placed in Dewar flask

32 (top) - . .

84 - 6-3 17 Very weak C line only
100 - 6-3 15 Very weak C line only
492 20 -5 19 Wedk C line only
293 23 65 19 Weak
150 28 6-0 15 Weak
239 (bottom) 3 6-6 1 Negative
Control 12 6-4 12 Negative

isolated increased with increasing depth and probably accounted for most of the
19 million/g. Aspergillus and Penicillium type spores in the lowest layer, Absidia
EP' was also abundant in the up?er Ia¥ers. etinomycetes increased with increasin
epth nearly to the bottom of the flask, but decreased again in the fowest layer:
Streptomycesfradiae and unidentified white and grey colonias were most abundan,
with a féw Micromonospora vulgaris towards the' bottom. FLH antigen was again
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not detectable in extracts of the wettest lower region, with 4-6% final water con-
tent.  Extracts of the other layers yielded onIY lines which, considered in con-
%unctmn with the few M. vulgaris isolated, and the low pH values of the grain, may
ave been fungal in origin. _ _ _
Athird sam%le of ba eY was allowed to stand with water for 5 hr to increase its
water content to 40%, 1t heated more rapidly than the previous samples; the
temperature exceeded 60° on the eighth day and reached a maximum of 66° after
12 days. 1t was still over 60° when the experiment ended after 19 days. Asper-
?nlus, Mucor and llumicgla lanuginosa spores were all ahundant inthe upper
ayers and man Asgergnlus fum%atus_were isolated. Actinomycete spores and
bdcteria were post abundant in_the middle layers, Streptomyces'fradiae near the
top, Thermopolyspora polyspora in the middle and. Micromoriospora vulgaris most
abundant near the bottom of the Hash. FLH antigen was not detectable in the
%%per layer, but stron9 reactions were obtained with the remainger of the grain.
e lowest layer (pH T-1) had 40% final water content and despite its largé bulk
1106 g.), was; uniform in aplpearance 10 the bottom of the flask. Extracts™of this
nd the next layer above it reacted with 18 and 19 sera respectively in the double-
diffusion test and both extracts gave typical patterns in the immund-electrophoresis

test.

A sample of oat grain was also allowed to absorh water to reach a water content
of 37%. The temgerature, which rose faster than in any of the barley samples,
reached 60° after 3 days and a maximum of 64° after 10 days. It remained near
60° for a further 23 days, but then fell below 50° during the next 3 days. The pH
of the grain at the end of the experiment was 6-3-6-0. ~Aspergillus funtigatus was
abundant in the upper half of the flask, whereas A. nidulans, Absidia sp. and
llumicola lanuginosa were most numerous (UB to 14 milljon ores/g. dr)( W) in
the middle layers. Actmomycetes, also most abundant inthe upper half of the flask,
were more abundant (Up to 568 million/g. dry wt.) than in any of the barley samples.
Streptomycesfradiae was again most abUndant in'the upper layers, whereds Thermo-
polyspora polyspora and. |cromonosP_ora Vulgaris were mast numerous towards
the middle, with the maximum A)o,oula lon of M. vul anssllg?htlglh%heru the flask
than that of the T.palyspora, The lowest layer with 33 % final water Content contain-
ed no detectable antigen and the uplger layers gave reactions in the C region only in
the immuno-electrophoresis tests.  FLH antigen giving A, B and ClineS was found
in the middle of the flask. As with the second Barley ex&enment, the scarmtay of
(I}/Iri.g}/nulgans and the low pH suggested that the C lines may have been fungdl in

DISCUSSION

The initial studies on the conditions favouring self-heating in Dewar flasks led to
the chojce of 500 g hay ina4 1 flask plw%ed with cotton-wool as the most suitable
for stuqying the &ffects of varying the water content, , ,

The impartance of oxygen for eself-heatln? process was first shown by Miehe
1907) and also bg Hildgbrandt (1927); Carlyle' & Norman (1941) found that a
otton plug gave Satisfactory aeration of oat straw in a quart DeWwar flask, with
least likelinood of heat loss. The efficiency of the cotton-woo|, Iug in aII_owmg
diffusion of air was shown by the experimerit where the wooden lid was substitute
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gFi%. 2). The effects of aIternateI_Y starting and sto_pﬁinr(\; the air flow were large,
s noted by Glathe (1952) in similar experiments with chiopped hay, |

The maximum temperatures of 57-67° reached by 500°q. quaritities_ of hay at
40% water content (Fig. 3) were similar to those in field experiments with balés of
40% water content and a Stack of 30% water content (Gre%ory et al. 19632' There
was o special advantage in using 1250 ¢. hay in a 10 1 flask, Which self-héated to
%Iergltlaard teeqm teerlatures, but requirdd extrd aeration for the hay in the lower part to

uately.

Table 4. Predominantfungus and actinomycete species in hays
allowed to mouldat different watér contents

Water
content _ _
(%) Predominant species

Aspergillusglaucusprqup _ o

28-29 A, versicolor, Scopufariopsis brevicaulis

A. nidulans, Absidia sp., Streptomyces fradiae

4 A fu_mlgatus, Humicola lanugingsd

47 Humicola lanuginosa, Thermopolyspora glauca, T. polyspora
57 Micromonospora vulgaris, Paecilomyces varioti

wLWCOPrLO
— 3,0

_The final products of the Dewar flasks hays with 40% water content were all
visibly mouldy throughout the mass. The pH Values of the hays were usually near 7,
or above (Tafile 1}, résembling hay from mouIdY bales (Gregory et al. 1963) rather
than brown hay from the centre”of a self-heated stack, with” pH values of 5 or
below, which does not contain FLH antigen (Gregory et al. 1964). Miehe (1911)
described the hay from his laboratory experiments”as also quite unlike the brown
hay of self-heated haystacks. The fmdmgs from our experiments, therefore, seem
{0 arﬁ) Ig/to wet bales rather than to wet Stacks, excePt or those particular regions
In the stacks where mould had developed (Gregory et al. 1963).

Hildebrandt (1927) was the first to_examing thie microflora of self-heated hays
from Dewar flasks and he isolated Actinomyces thermophilus, Aspergillusfumigatls
and Bacillus calfactor, all previously identified by Miehe (1907?\,m hay.. Many'more
species were isolated In our experiments, although A. thermophilus and B. calfactor
were not recognized. Inocula of most species. must be widely distributed on hay,
because the same t?/pe of moulding occurred in different hays wetted to the same
water content. Table 4 shows the predominant s|oeC|es arising at the different water
contents. Thus from a knowledge of the Angergl lus spp. and"actinomycetes present
on a samPIe of mouldy hay, the initial water"content and maximum temperature
durm% se f-heatln% can be assTssed. _ . .

Walter content 5 also critical for producing FLH antigen and Fig. 8 relates all the
results in terms of water content. Hay of 40% water Content invariably produced
FLH antigen (Table 1) and very ma Micromonospora vulgaris and. Thermopoly-
spora polyspora.. Hav of 29-34 % water cantent gave FLH anhgen in_only some
experiments; this range of water content is critical, because thé maximum tem-
perature reached, the” numbers of thermophilic actinomycetes and the anhﬁen
content all increased greatly with small increases in water content. Hay of less than
29 % water content, which developed only Clines, showed no T. polyspora but there
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were a few M. vulgaris. Hay with less than 25% water seems, unlikely to develop

FLH antigen. These conclusions accord with the results of field experiments of
Gre orye a, 9964% who found that hay haled at less than 30% water content did
not develop FLH antigen readily.
- 100
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FI? 8. Summary of results in relation_to water content of hay and occurrence of FLH
antigen. «, maximum temperature; 7, T. polyspora; x ,M. vulgaris; O, No. reacting sera.

With the hays of water content of 40% and less, extracts from the lower regrons
of the flask reacted with more sera than those from higher up Th euép per ha 0f the
flasksdrred faster than the lower half (F I(t] 7),s0th eupper ayersm X have hecome
too dr to support mrcrobral ﬁrowth n Contrast, With hays of 47-68% water
conte tewtterte hay, the less FLH antigen was produced (Frg 8), partl-
cu arIy in the bottom ofth ﬂask (Table 2). Resfricted aeratron andm rewater n
th e |ower a%ers maey have adversely affected the growth of ermogo R/slpora
polyspora, which weré fewer the wetter the hay (F ? but the decreas
ar?ttltgeesne segrtnﬁalasrge by comparison. Micromoriospora Vulgaris was most abundant
| W

Differences |h heating pattern of hag apparently influence FLH antigen pro-
duction. Table 1 shows that the old 19%1 hay with multi-peaked heating” pattern
roduced antrgen more readily than 1962 hay wrth only one temperature maxrmum
Fr% . This may beafunctron of the tygoe of a% ItS age and mannero storage

e amount of Inocu um present Fr shows that the wette 1962' hay too
long as 70.hr before it began to heat, utt eserrle uential sampl mﬁ study wrt 1962
hay (Fig. 7) showed that FLH antigen appeared after 70 hr, wheri the temperature
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had reached 54° and was still rlsm?. Temperature is obviously a better criterion
than time after vvettmg of the hay 0 assess when ant|gen_|s likely to develop.. In
their field experimentS done wifh fresh grass after Cutting and partial drying,
Gregory etal, 19642 showed that FLH antigen was detectable'4-6 days after baling

hich fits inwell with the results for the Dewar flask experiments doné with rewetted

ay.
¥LH antigen.can be groduced in as little as 250 g. hay (Fig. 1), so that even small
P_ockets of hiay in a bale or stack, given the right conditions of water content, aera-
lon and thermal insulation, may mould and produce antigen. _ _
Grain can also self-heat when wet and d_eveIoE a considerable, microflora, in-
cluder_the thermophilic actinomycetes forming FLH antigen,_Evidently, as with
hay, FLH antigen occurs in  crifical ranPe of water content. The minimum water
content for moulding of various materials_including cereals, meat and textiles is
%enerally accepted as that in equilibrium with a relative humidity of 75 % (Milner &
edaes, "1946). The egumb_num water content depends on the nature of the material
and Snow, Crichton & Wright (1944a, b) estimate the safe levels for shart perlods of
aerobic storage for wheat and oat 8ra|n and hay, as, 157, 145 and 12-6% resznec-
tively and as 14-6, 134 and 11-0% respectweI%/_ for Iong periods {at 18-20°).
Christensen & Linko (1963gsuggest 14-3% as the highest water content for storlnﬁ
wheat safely. Waite (1949) émphasizes. the importance of temperature, whic
affects mouldgrowth. Hay kept at a relative humidity of 85 % (22 % water content)
and a temperature of 6° (winter conditions) moulded only after 120 days, whereas
at 15° (summer tem _erature3 It moulded after 2 days: under summer"conditions,
(5% relative humidity (15% water contenf) and “15°, the ha¥ did not mould.
Barley and oat ?ram_ will start mouldlng at similar water contents to those for
ha%/_, and, the safe minimum water-contént for grain, to avoid producm% FLH
antigen, is probably the same as for hay, assessed™as 25%, but this has yet to be

determined.

We thank Miss Joan Thurston for identifying grasses in the hays, and Miss Ann
Macefield and Mr K. E. Fletcher for technical &sSistance.

REFERENCES

Baird-Parker, A. C. (1962). The occurrence and enumeration, according to a new classi-
fBlc%UOEsosfSnzncrococm and staphylococci in bacon and on human and pig skin. J. appl.
ad. :
Carlyle, R.E. & Norman I/-\ G. (1941). Microbial thermzienesis in the decomposition
of plant materials. Part Il Factors involved. J. Bad. 41, 699, ,
Christensen, C. M. & Linko, P. (1963). Moisture contents of hard red winter wheat as
determined by meters and by oven drying, and influence of small differences in moisture
content upon subsequent déterioration of the grain in storage. Cer. C|I6I‘F. 40, 129.
Glathe, H. (1952E. Zur Frage der Selbstentzindung des Heus. Brandschutz, 6, 111
Gregory, P. H., Lacey, M. E,, Festenstein, G. N. & Skinner, F. A. (1983). Microbial
and biochemical changes during the moulding ofhag. J. gen. Microbiol. 99, 147.
Gregory, P. H., Festenstein, G.N., Lacey, M. E., Skinner, F. A, Pepys, J &
Jenkins, P. A, (1964). Férmer’s lung disease: the development of antigens in moulding
_haa/. . gen. Microbiol. 30, 429. "
Hil ebrandf F. (1927). Beitrage zur Frage der Selbsterwarmung des Heues. Zentbl.
Bad. Abt. Il 71, 440,
% G. Microb. x1i



406 G. N. Festenstein and others

James, L. H., Rettgel’, L.F. & Thom, C. (1928). Microbial thermogenesis. 1l. Heat
production in moist organic materials with special reference to the part played by
microorganisms. J. Bad. 15, 117.

Jenkins, P. A. (1964). Immunological studies in farmer's lung. Ph.D. Thesis, London
University.

Mieiie, H. (1907). Die Selbsterhitzung des Heues. Eine biologische Studie. Jena, Fischer.

Miehe, H. (1911). fiber die Selbsterhitzung des Heues. Arb. dtsch. Landwges. 196,1

Miehe, Il. (1930). Die Warmebildung von Reinkulturen im Hinblick auf die Atiologie
der Selbsterhitzung pflanzlicher Stoffe. Archiv. Mikrobiol. 1, 7s.

Milner, M. & Geddes, W. F. (1946). Grain storage studies. IH. The relation between
moisture content, mold growth and respiration of soybeans. Cer. Chem. 23, 225.

Pepys,J., Jenkins,P. A, Festenstein,G. N.,Gregory,P. H.,Lacey,M. E. & Skinner,
F. A. (1963). Farmer’s Lung. Thermophilic actinomycetes as a source of ‘Farmer’s
lung hay’ antigen. Lancet, ii, 607.

Snow, D, Crichton, M. G. H. & Wright, N. C. (1944a). Mould deterioration of feeding-
stuffs in relation to humidity of storage. Part I. The growth of moulds at low humidities.

Ann. aé)pl. Biol. 31, 102.

Snow, D, Crichton, M. G. H. & Wright, N. C. (19446). Mould deterioration of feeding-
stuffs in relation to humidity of storage. Part Il. The water uptake of feeding-stuffs at
different humidities. Ann. appl. Biol. 31, 111,

Waite, R. (1949). The relation between moisture content and moulding in cured hay.

Ann. appl. Biol. 36, 496.

APPENDIX ON TAXONOMY
By J. Lacey

A comment Is necessary. on the taxqnomy of some.of the species isolated. To aid
comparison with our earlier publications on moulding of hay and farmer’s Iungz
disease, the same names have been used throughout, dlthough we recognized tha
for some_species gther names are preferable. Apinis (1963) and Pugh, Blakeman &
Morgan-Jones (1964) propose that Humicola Ianurqmosa (Griffon. & Maublanc
Bunce 1961 should be referred to Thermomyces fanuginosus Tsiklinsky, 1899,
However, Griffon & Maublanc '1911) and Buncé Rersona_ communication) regarded
Tsiklinsky’s description as insufficient to delimit the species, and Cooney &Emerson
(1964) paint out that the photographs, if the stated ma%nlﬁcanon_ls orrect, show
spores smaller than 36 ji diam."instead of the 6-10 ji of H. lanuginosa. Also, the
photographs show only smooth spores, which are €ither immatdre, or if mature
are more like H. griséa var thermoides Cooneg & Emerson than the sculptured
aleuriospores of H. lanyginosa. Tsiklinsky (1899) proposed the name Therm m}/ces
Ianugemosms provisionally ‘en attendant que A’en aie etudie la morpho]oqm’bu no
subsequent description "hy her nhas been found. laentification of isolates, with
T, Ianugﬂ,nosus would seem to be largely conjectural, the few known sﬁeues of
thermo |I|,cfun%| and the abundanceof'H. Ianu%mosa, making it most likely that
Tsiklin kIy isolated the same species. 1t is gues lonable, however, whether such
conjecture is a good basis for a taxon, and we follow Cooney & Emerson (1964) in
retaining the ndme Humicola Ianu%mosa proposed by Buncé (1961), _

A new species Mucor miehei was described b%/_Cooney &Emerson %1964). This has
not been distinguished from M. pusillus Lingf in our work, although we have now
jsolated it from hay. The Absidia, species is Erobably referable’to A. corymbi-
fr?nreadfgttg(%g?rnssome 1solates resembling A. ramosa were found and a range of inter-
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Micromonospora vulgaris Waksman, Umbreit & Cordon, 1939 and Thermoacti-
nomyces vulgaris Tsiklinsky 1899 are s%/nonxmous (K(ister & Locci, 1964) and the
lattér name™is generally preferred, although some of the same objections can be
raised to it as to Thermomyces lanuginosus. _

Thermo ol_ysp_orasqlauca orbaz, Gregory & Lacey, 1963 is a synonym of Thermo-
monospora viridis (Schuurmans et al.) Kster & Locel, 1963 bat the colour of the
aerial m%/cehum cquld pernaps be better described as grey-blue rather than r%real-
?reen, and some of our isolates also produce black or dark brown soluble pigment,
solates described by Corbaz et al, $19_63 as Thermo olfyspora poloyspora have heen
examined by Henssen who considers it to be distinct from T. palyspora Henssen,

1957. 1t should 8robably be referred to Micropolyspora Lechevaliér, Solotorovsky
& McDermont 1961
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SUMMARY

rotepoids synthesized by Mycoplasma laidla cholesterol incor-
oraatd‘grom@* wﬁwnt/ tt/ F\)/vere |‘dn He ce eprae
ncre sed caroteno enss In uc on of so .acetafe to the
érow eno ne5|s g : |umaeaeor

. wm A ten.tn : tetr.ete'a'aans ;
10 |e the ? lnC tenet afV\nem ranes Wi

el g antea%ﬁi o, S

INTRODUCTION

% pIasmaceIIs are||m|ted by athin lipoprotein ‘unit membrane’ (Razin, 1963
w IC can be isolated following osmotlcl sis of the organisms (Razin, Arﬁaman
Avigan, 1963). The saprophytic Mycoplasma laidlawil stratns are especially suited
for preparatton of membranes, becausethehy/lgrowfastert an the other mycoRIasmas
and are very sensitive to osmotic shock. Membranes of M, [aidlawii were therefore
the subject for recent studies on membrane composition (Razin, et al, 1963), mem-
brane subunits (Razin, Morowitz & T err%/ 1965) and enzymic activities (Pollack
Razin & Cleverdon, 1965). The results of these investigations adyogate the use of
Mycoplasma membranes as models for studying the properties of biological mem-
branes in ?eneral The ability of mycoplasmas {0 mcorgorate substantial amounts of
cholesterol from the ?rowth mediUm nto their membrane |IpIdS can he exploited
In studies of the, function of cholesterol in biological membranes. M. |aidlawii may
be espemallr suited for this purpose as the amount of cholesterol in jts membrang
can pe easi y regulated by varymg the concentration of cholesterol in the growth
medium. M. laitlawii waS found, however, to incorporate much smaIIer amounts of
free cholesterol than the parasitic mycoplasmas, and was racttcal y mcapable of
|n orporatlng choles erk//I esters Argaman & Razin, 1965), ‘M. laid ét Il straing
iffer romthe ara5|t|c gcoplas alntherrability to qrow thoutadde chol esterol
Razm ht, 1960) and synt esize carotenoids Tocated In the cell membrane
othblat m|th 1961 Razin et al. 1963; Smith, 963a? Smith $19636
ostulated that caroten0|ds in the saprophytic Mycoplasma fuffill the same roles as
hat of cholesterol In the parasitic strains. Amlong the arguments broulght by
Smith to support his hypothesis were the resemblancg of the Rydrocarbon structure

* Present address: Department of Clinical Microbiology, the Hebrew University Hadassah
Medical School, Jerusalem, Israel.
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of carotenaids and cholesterol (Smith, 1963b) and the finding that PPLO-serum
fraction, when added to_the fgrowth medjum of M. laidlawii, Suppressed caroteno-
genesis (Smith, 1963a). This finding was interpreted b){ Smith as a sparing effect of
cholesterol, included in the PPLO-Serum fraction, on the synthesis of carotenoids.
The above arquments led us to suggest that the carotenoids may interfere with
cholesterol uptake b occupk//lm? the'same sites in the membrane, thus explaining the
Jow cholesterol content of M. Taidlawii (Argaman & Razin, 1965). The purpose of
the present Investigation was to test this suggestion.

METHODS

Organism. MycoBIasma laidlawii strain = (pg9) Obtained from Dr D. G. ff
Edward (Wellcome

esearch Laboratories, Beck(gﬁ]ham, Kent) was used throughout
thig work

Growtn conditions. The basal growth medium was tryptose broth consisting of
g/L): Bacto-tryptose, 20; sodium chloride, 5; tris iZ_—ammo-Z-h droxymethylpro-
ane-1:3-diol), ;%Iucose 7, and penicillin G (cgstalme) 100,000 units. The pH of
he medium was 82 to 8-4without adjustment.” All other Supplements to the growth
medium were added gs sterile solutions. The same batch of Difco PPLO-serum
fraction was used in all experiments, to avoid variations in the cholesterol content
ofthis medium component. Cholesterol (Calbiochem, Los Angeles, California, U.S.A.)
was recrystallized twice from ethanol, dissolved in Tween 80. and added to the growth
mediym- Various amounts of an ethanolic solution of cholesterol (20 mP./mI. were
mixed with a constant volume of Tween 80 (10%, viv), heated to complete solution
and added to the %rowth medium. By this method up to 20 mg. of cholesterol in 1 ml.
ethanol could e dissolved in 1 ml. of Tween 80 (10%, v/v), and remain in solutign
on aqdition to 11, of the growth medium. A solution of 10% (wfv) bovine albumin
fraction V ECaIblochem Was prepared In de-lonized water, sterilized by filtration,
and added to the growth medium in a final concentration ofOl%(w/vXto neutra-
lize the toxicity of the Tween 80, . _ _

Growth was done 1n 11 volumes of medium dispensed in 2 L flasks incubated
statically at 37° for 20-24 hr. The organisms were harvested by centrlfu?anon at
000g for 15 min. and washed once in /ouffer (Pollack, Razin, Pollack & Cleverdon,
1965)" consisting of: sodium _chloride, (0-15m; tris, 0-05m; 2-mercaptocthanol,
00L'm In de-ionized water, adjusted to RH -4 with HCL . _

Isolation of cell membranes, The washed _or%amsms obtained from 11 medium
werelysed by resuspension in 40 ml. of ge-lonizedl water ERazm, 1964). The suspension
was incybated at room temperature for 30 min, and then centrifuged at, 7000Iq
for 30.min. to collect the membranes, The membranes were washed” once in 40 mF
of de-onizeg water and resuspended in 10 ml. de-lonjzed water, Membrane protein
was determined in a 0-2 ml. sample of this suspension according to Lowry, Rose-
brou?_h, Farr & Randall (1951). _ ,

Estimation of carotenoids, Part of the membrane syspension gusuall one-fifth)
Was c_e_ntrlfu%ed at 37,000q for 30 min. The resulting pellet was extracted with 7 ml.
of bmlm{q ethanol for 10 min. in the dark and undgr a nitrogen atmosphere (Roth-
blat, Ellis & Kritchevsky, 1964). The extr?cted membranes were removed bg
centrifugation and the extinction at 442 mji of the supernatant fluid was measure
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in a Beckman DB spectrophotometer, Extraction of the carotenoids from wet
membrane material with boiling ethanol was found superior to extraction of freeze-
dried membranes with chlorotorm+methanol (2+1, by vol.). The absorption
spectrum,of Mycoglasma laidlawii carotenoids measured in ethanol showed absorp-
tion maxima at 418, 442 and 472 my; the peak at 442 my was the highest. The
amount of carotenoid pigments in membranes was expressed therefore as"extinction
at ;142_ Ty x 1000 per mg. membrane protein or per mg. dry-weight of membrane
materjal.

Estimation of cholesterol. The residual part of the membrane sus[Pensmn Was centri-
fuged at 37,000g- for 30 min. The result|_n% pellet was freeze-aried and welﬁhed.
Lipids were extracted from the freeze-dried material by a chloroform + metfanol
mixture (2+ 1, by vol.) as described A)_rewously (A{%aman & Razin, 1965). Chole-
sterol In the lipidf was Separated by thin-layer chromatography and determined by
the FeClgmethod (Argaman & Razin, 1965).

_ RESULTS _
Location of carotenoids and cholesterol in the cell

The confinement of the carotenoids and cholesterol to the cell membrane of
Mycoplasma laidlawit was demonstrated in an experiment in which the same batch
oforganisms was divided into two e(iual portions. One portion was osmotical p( lysed
and the membranes recovered quantitatively and freeze-dried. The other portion of

Table 1. Total lipid, carotenoids and cholestergl in cells and
membranes of Mycoplasma laidlawil
L TR o S ) Rl ol AT
urrer and aiviae méo two ¢ L{a eﬂortlon. NE portl as (%%motlca I¥) ys? nd the
e il Gl 0 e e o8 e ek
were dpe?ermlned In 5rle(}/ rﬁalterial aerescr'ibed uno'gr e%oég.
Tota ot rofenalds
el e

0. pid)
mEE % B bk 7

cells was freeze-dried without Brewous treaiment. Table 1 shows that the membrane
fraction, which constituted about 32% of the total dry weight of the organisms
conkame (ﬁractlcal_l the same amount of total lipid, carot?nmds and cholesterol
as the whole organiSms, Hence, carotenoids and cholesterol seem to be exclusive
constituents of the cell membrane of M. laidlawii.

Effect of variations in carotenogenesis on cholesterol uptake _
Rothblat & Smith (1961a_repo_rted that the addition of 0-5% (wiv) of Sodium
acetate to the growth medium increased carotenoid formation by M. laidlawii.
Flgure 1 shows that the addition of increasing amounts of sodjum dcetate to tryp-
tose broth increased pigment formation very markealy. The increase in the caro-

e
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tenord content of the membranes had no significant effect on the amount of choles-
tero mcor orated into the. membranes from the growth medjum.Sodium acetate
so¥ve Isr()Fegrg)wth inhibition, reflected by the decrease in the yield' of membrane
material (Fig."L

Table 2. Effects of inhibitors of carotenogenesis on the cholesterol
content of Mycoplasma laidlawii membranes

'nge_gr anisms, Were grown IH 11r\|/I%IH(rJnreseg{etryptose broth supplemented with 1% (vv)

erum fraction and the in
s C oIe teroI
Inhibitor in m\e(rlr?dhdra?t]es
growth medium (mg. ary wt.) Phhranes ranes

Thallium acetate

apd i H t:t

Diphenylamine
5 . S
No inhibitor 17-8 244 85

Thallium acetate was found to mhrbrt markedIY pigment formation by Myco-
plasma laidlawii (observed orrr[nnagr g/ % Diphenylamine“alsg de-
creased significantly the amount of caroténoid prgments prouced ytheor anisms.
Both agents mhrbrted the rowth of the test organrsm as well (Table 2). Inhibition
of pigmentation by diph en}/ amine was rever ible to a certain extent, since the
organisms which were completely devoid of pigment when harvested, turned yellow
on”subsequent washings. . Decréased of prgnmentatron by the mhibitors was not
accompanied by any srgnrfrcant change in the amount of cholesterol incorporated
Into the cell mémbrane™(Table 2).

Effect of variations in the cholesterol content of ihe membranes
0N carotenogenesis

PPLO serum fractron serves as a source for cholesterol in mang/ %owth medra
co lasma. The amount of cholesterol incorporated into the membranes of
asma Iardlawn Increased from nearIy zero In the tr ptose me |um wrthout
-serum fraction, to @ maximum of about 8 ry welght of memb ranes

When the concentration of PPLO-serum fraction | | the me lum reached 2% (v

Some decrease In the carotenoid content of the membranes was noticed when the

concentration of PPLO-serum fraction in the medium was Increased, confirmin

revious results of Smith 61963a) PPLO-serum fraction |mgroved the growth ¢
Iardlawn in tryptose Droth, “as reflected by the increase in membrane yield

1qo test whether the decrease in carotenoids caused bg/ PPLO-serum fraction was
dependent on Its cholesterol component, cholesterol Itsélf was added to the %rowth

medium instead of PPLO-serum fraction. Table 3 shows that the amount of choles
teroI mcorporated into the membranes increased with the increase of its concentra-
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tion m the growth medium, reaching about the same value (above, 7 jig cholesterol/
ng ¥ lght of membranes obtained wigh PPLO-serum fraction. “The amount

of carotenoids in the memb ranes was not affected to any significant degree by the
changes in the cholesterol content of the membranes (Table™s).
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Table 3. Effect of cholesterol adged to the growth mediym on the
carotenoid and cholesterol content of Mycoplama laidlawii membranes
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DISCUSSION

Cholesterol and carotenords seem to be restricted to the cell membrane in Myco-
plasma laidlawii. Rothblat & Smith (1961) reported that only about 70% of the
cell cholesterol and 80 % of the carotenoids could be found in the insoluble fraction
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or ‘membrane fraction’ of M. laidlawii and the rest in the “soluble fraction’. In
light of the recent work of Pollack et al. (1965) it seems that the ‘soluble fraction’
anaIYsed by Rothhlat & Smith contained small membrane fragments, not sedi-
mentable by centrifugation at 30,000q for 20 min., resulting from disruption of the
delicate membranes by the sonic treatment. Osmotic |¥SIS 0fthe organisms, used in
the present work, has been shown to be Preferable for the separation of membranes
from other cell constituents (Pollack et al. 1965). Qur data show that M. laidlawii
under the growth conditions tested was capablé of incor _oratmg cholesterol up to a
valye of 7- /tg/mg.drywe_l(?ht ofmembranes, corresponding to about 3% by weight
of the total memBrang lipids. Thus, cholesterol seems to be a minor component of
M. laidlawii |(IPIdS. In parasitic, Mycoplasma cholesterol was found to constitute
up to one third of membrane lipids {Argaman & Razin, 1965), The carotenoid pig-
ments are apparently also minor components of M. laid|awii I|P|ds_. Preliminary
experiments to determine  the Eng ents grav;metncalloy, following chromatd-
?ra_phm separation, have indicated that they constitute 1-3 % of the total membrane
Ipicls (Razin, unpublished results). _ _

No attempt was made in the present work fo determine non-Plgmented, more
saturated, carotenqids in Mycoplasma laidlawii. They were certainly present in
organisms %rown with diphenylamine, known to inhibif the final oxidative stages in
carotenogenesis leading to formation of the more unsaturated p|ﬁ;_m_ented products
(Cho,. Corpe & Salton,” 1964: Rilling, 1965). Remaval of the infiibitor during_the
washm% of orgamsm_s and derived membranes resulted in some Flgment formation,
ap_Pare tly dueto,oxidation ofthe saturated carotenoids accumulated during growth
with diphényl-amine. We do not as yet know the stage or sta%es of carotenogenisis
inhibited b}/h thallium acetate. The marked reduction in_growth of M. laidlawil

|

caused by thallium acetate, in concentrations used routiniely in selective media
for Mycaplasma, suggests the omission of this agent from growth media for Myco-
plasma whenever possible. o
Our experiments did not show any relat|onsh|5) between the. amount of caro-
tenoid Pugfm_ents and that of cholesterol in Mycoplasma laidlawii membranes. The
amount o either of these comgonents could hé markedly changed without affecting
that of the other. Decreased carotenogenesis following the” increase in PPLO-
serum fraction concentration in the qrowth medium does not involve the choles-
terol component of this medium supplement. The lower capacity of the saprophytic
Mycoplasma to incorporate cholesterol does not seem thus to depend on the pre-
sefce of carotenoid p|(\;lments In.their membranes, The éex(PIanatmn for this pheno-
menon may rather Involve differences in phospholipid composition hetween the
saprophytic and parasitic strains, _Phosphohénds form the mallor lipid component of
Mycopldsma membranes (Morowitz et al, 1962 Razin et al. 1963). The two ma{or
fractions of M. laidlawii Strain . phospholipids were found to contain covalently
bound glucose (Smith, & Henriksan, 1_96?% differing from the phospholipid cont-
05|Hon of the “parasitic M. gallisepticum as reported by Tourtellotte, Jensen,
ander & Morowitz (1963).

Contribution No. 124 ofthe Institute of Cellular Bjology, University of Connecticut,
gne of the authors (S R? %eld a Seqior Foreign Suent?syt FeIIowsﬁl%/ of&we Nat}onal
clence Foundation during the work,
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THE SOCIETY FOR GENERAL MICROBIOLOGY

The Societyfor General Microbiology_held itsfortyfourth General Meeting at King's
College Ak?erdeen, on Thurs_day, ndag ang Saturday 16. 17 and 18" September
1965. 1 he following communications Were made:

ORIGINAL PAPERS

The Metabolisr&aquro_matic Compounds by Yeasts and Moulds._ By R. F. Bilton
and R. B. Cain (Microbiology Group, Department of Botany, The  University of
Newcastle upon Tyne)

Apart from the studies with Neurospora crassa (Gross, S. R., Gafford, R. D. & Taturn,
E. L. (1956), J. biol. Client. 219, 781), the way in which fungi utilize aromatic compounds
has received little attention. . _

Several yeasts and yeast-like moulds have been examined for enzymic patterns of
aromatic ring degradation. . _ o

Ability to grow upon an aromatic substrate seems widely distributed among the yeasts,
but two groups are apparent: {a) strains of Saccharomyces cerevisiae, S. pastori and Candida
tropicalis utilize only catechol and resorcinol of some 30 compounds tested: while (6), a
Iarger group, Rhodotorula mucilaginosa, Pichia membranaefaciens, Sporobolomyces spp.,
De argom ces subglohosus, D. hanseni, a torula-like organism VC4, two unidentified yeasts
IC and YX, and a Fusarium spg. utilize these aromatic compounds and also show growth
on some or all of p-hydroxybenzoate, protocatechuate, vanillate, quinate, ferulate,
p-coumarate and clilorogenaté. Washed cells of grou_EJ (b) grown on p-hydroxyhenzoate,
oxidized g-h droxybenzoate and protocatechuate without any lag; catéchol is similarly
oxidized by the Débaryomyces spp. and yeast IC but the remainder of the group show an
adaptive response for catechol oxidation. Cell-free extracts of all isolates, when suitably
induced, oxidize protocatechuate to /?-ketoadipate, which was characterized chemically
from oxidations by Sporobolomyces, Rhodotorula and Fusarium and detected cliromato-
grayl\i)hlcall?/ in the products of every other organism. .

one of the Yeast isolates cleave protocatechuate by a 4,5-oxygenase type of splitting
(Dagleﬁ/J S.etal. (1964), Nature, Lond. 202, 775), aIthou%h we have isolated a Penicillium
spP. vp]/ |cth forms pyruvate, a recognized end-product of this type of ring fission from proto-
catechuate.

Spectropliotometric studies have shown that the yeasts and Fusarium which degrade
Frotocatechuate do so through /?-carboxymuconic acid and /?-earboxyrnuconolactone and
hus resemble Neurospora crassa. None of 70 strains of bacteria examined have this
lactone as an intermediate. _

The Debaryomyces spp. and yeast IC are anomalous in that the extracts ofP-hydroxy-
benzoate-grown cells oxidize catechol (but not protocatechuate), through ci's-cfs-muconate
and (+ )-muconolactone to [{_—ketoad!pate. There seems, onthe presentevidence, to be aclear
differenceinthe routes by wilichfungiand bacteria form /2-ketoadipate from protocatechuate.

UtiIizatio?:g_farom atic Sulphonic Acids by Micro-organisms, By D.R. Farrand
R. B. Lain (Microbiology Group, Department of Botany, The University of Newcastle
upon Tyne)
About a dozen strains of Pseudomonas fluorescens, isolated from sewage, were capable of
growing upon benzenesulphinic, benzenesulphonic and p-toluenesulphonic acids as sole
source of carbon. The molar growth yields obtained on these substrates, however, were low

b
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when comFared with the yields when grown on benzoic acid. None of the isolates grew
upon ethylbenzenesulphonate or the corresponding (detergentz derivatives with 4-18 C
atoms in‘the side-chain. Growth of the or%anlsms was correlated with disappearance of
ring structure_and appearance of the sulphonate group as sulphite ion (Simpson, J. R.
(1954), M.Sc. Thesis, University of Wales). Washed cells of two strains, a and b, oxidized
only 46% of benzenesulphonate and toluenesulphonate ; the remainder was presumably
assimilated because no aromatic substrate was detectahle at the cessation ofoxygzen uptake.

Cell extracts from isolate a oxidized catechol with the transient formation of 2-hydroxy-
muconi¢ semialdehyde, which was isolated and characterized chemically. On further
incubation the same extracts degraded this intermediate to acetaldehyde and pyruvate.
In contrast extracts of strain | degraded catechol via cis-cis-muconate and F)+ )-mucono-
lactone to /J-kctoadlfate. Five of our original 12 isolates resembled strain a, the remainder
strain b, although all strains were obtained from the same sewage sample.

The nature ofthe growth substrate markedly affected the route of ring fission adopted by
strain a. Growth upon fumarate yielded extracts with no catechol oxygenase actmtg_ of
either type; benzoate induced 1,2-0x qenase cleaving catechol to cis-Cis-muconate whilst
growth upon benzenesulfhonate or /X—oluenesulphonate induced 2,3-oxygenase yielding

-hydroxvmuconic semialdehyde from catechol, _ .

Growth upon pP-toluenesulphonate induced in washed cells of strain a the ability to
oxidize only catechol and 3- and 4-methylcatechols. Possible intermediates such as
%-cresol, p-hydroxybenzoate and protocatechuate were oxidized onlg after long periods.

xtracts prepared from these cells oxidized 3- and 4-methylcatechols by a route analogous
to the oxidation of catechol, yielding the cor.requndmg methyl-2-hydroxymuconic
derivatives with characteristic absorption spectra in acid and alkali.

Utilizagon of H(flogen%:tee‘_d Aromatic Compounds by Nocardia erythropolis. By
A. dmith and R. B. Cain (Microbiologi/ Group, Department of Botany, The University
of Newcastle upon Tyne)

Halogen analog_ues of benzoic and p-nitrobenzoic acids were incapable of supporting
%rowth of Nocardia erythropolis which had been induced to utilize benzoate or p-nitro-
enzoate respectively.” Growth of the organism on benzoate and p-nitrobenzoate was
suRpr_essed by the presence of halogen analogues, the fluoro-analogue being a more potent
innibitor than the chloro-derivative. o

Benzoate and p-n!trobenzoate-%row.n cells readily oxidized the halogen-analogues of the
original substrates in order of effectiveness: fluofo- > chloro- > hromo- > iodo-. Con-
versely, halogen analogues inhibited oxidation of the normal substrates, the lluoro-
c?fmrgounds being the most effective inhibitors and the bromo-analogues having negligible
effect.

The respective halogen-analogues acted as non-metabolizablc enzyme inducers for
benzoate and p-nitrobenzoate oxidation and were also observed to accelerate enzymic
induction of the organism to the authentic substrate in the case of benzoic acid ; however,
the1y retarded enzyme induction in the case of p-nitrobenzoic acid. o

he inhibitory eéffects of fluoroacetate and fluorocitrate on aromatic substrate oxidation
sug%estthatthe fluoro-aromatics are degraded to fluoroacetate. Chromatographic evidence
forthe production of fluoroacetate and traces of fluorocitrate from 2-lluoro-4-nitrobenzoate
by dried cell preparations of A. erythropolis has been obtained.

Escherichia coli. nox, Alina laylor izabeth Work (Tmyford
Laboratories, Tvcyford Abbey Road, London, N.W. 10

Lysine-requiring mutants of Escherichia coli which lack diaminopimelic acid decarboxyl-
ase are known to accumulate ciaminopimelic acid and other comeunds_, including lipid,
when grown under Igsme-hmltmg conditions; they also show |pha3|cN?row_th E\LW,
M.D. Clarke, P. H. & Meadow, P. M. (1963), <. gen. Microbiol. 32, 103; Municio, A. M.,

An Extracellular Lipopolysaccharide from a Lysine-requiring Mutant of
i By AR Ta )z{ndéu ;
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Diaz, T. & Martinez, A. (1963), Biochcm. Biophys. Res. Commun. 11, 195). The lipid
%roduced under such conditions was shown to be an antigenic lipoglycopeptide by BIShO{P,
. G. & Work, E. (1965), Biochem. J. 96, 567). Heating the Ilpolg_lycopeptlde in 45%
aqueous phenol at 68° for 15 min. yielded a lipopolysaccharide which was purified by
precipitation with magnesium ions. _ _ S _

The carbohydrate components of the lipopolysaccharide have been identified and esti-
mated; they “are L-glycero-n-mannoheptose, u-glucose, D-galactose, glucosamine and
2-keto-3-deoxy-octonic acid. In addition, the pr_e[)_aratl_on contains ethanolamine, phos-
phate, lauric acid, myristic acid, /M |¥d_roxy-myr|s ic acid and small amounts of palmitic
acid. These components are tﬁplcal 0 IlpopQI){sacchande_s isolated from the endotoxins of
Gram-negative bacteria; further, the material has the biological properties of endotoxin,
bein pyro%enlc toxic and an effective adjuvant. Mildacid hydrolysis ofllpOFonsaccharlde
yiel edaF osphorylated polysaccharide containing heptose; glucose and galactose, and an
Insoluble fraction with the composition typical of lipid A from endotoxin. These results will
be compared with those reported for lipopolysaccharides from cells of rough strains of
E. coli and Salmonella. _ o _ _

The rate of appearance of lipoglycopeptide in the culture fluid durlnq the growth cycle
has been determined by the quantitative precipitin test, using homo oqou_s antiserum.
Lipoglycopeptide is not'detectable until after ﬁrowth has ceased owing to lysine depletion
(6 hrF}. Durmg the subseguent Ferlod of 16 hr, when there is no increase in cell mass,
lipog ¥copept| e is released at a linear rate ; the resumPtlon ofProwt_h did not change the
rate of production ofllpo?chopeptlde. Cells collected at intervals during growth have heen

ron microscope and the results are reported by Vesk, M.. Knox.

examined under the elec the r ,
K. W. & Work, E. (1965), Proc. Soc. gen. Microbiol, following abstract).

The Effect of Lysine Limitation on the Morpho ofa Lysine-requiring M utant
of Escheric%ia coli. Bg M)aret \/gesk, |2 W anx andLEyIizabetr?Worlg(Tivyford
Laboratories, Tmyford Abbey Road, London, N.IT. 10)

Escherichia coli ATCC 12408, a Iysme-requwmgi mutant, was q[own under conditions of
lysine limitation and the rate of aEpearance of extracellular _|pog]ycopept|de followed
E\ nox, K. W., Taylor, A. & Wark, E. (1965), Proc. Soc. gen. Microbiol., abstract above).

s a control, cells were grown in the presence of excess lysine, when extracellular lipo-
egcopande was not formed. _

samples of control and IYsme-Ilml_ted cells were taken at reqular intervals up to 26 hr
and examined under the electron microscope, using the technlques of negative stalnlng
and thin sectioning. To observe any material adherlnﬁ to the cells, cells were not washe
prior to fixation. Lysis was not observed in the control or lysine-limited cells. Cytoplasmic
membranes were present in both control and I%sme-l_lmlted cells. Samples of lysine-limited
cells contained a number of extracellular globules in close association with the cells, the
amount mcreasmﬂ with the age of the cells. These globules were identical with those
deposited from culture medium }/centrlfu ation at 100,000? forone hour. In thin sections,
the globules were seen to be y from some of the cell-wall
components. o o ,

The morphology of the lysine-limited cells is discussed, and the multilayered structure
ofthe cellwall of both lysine-limited and control cells is compared with structures observed

by other authors.

ormed wholly or partial

Growth Phﬁ_se and Mating Ability Relationships in Escherichia coli KI2. By
K. W. Fisher (Department of Physics, Kansas State University, Manhattan, Kansas
66504, U.S. A .; present address Meédical Research Council, Microbial Genetics Research
Unit, Hammersmith Hospital, London, W. 12)

Mating experiments in Escherichia coli K12 have usually employed logarithmic phase
cells. Inthe present experiments cultures of Hfr cells have been examined at various times
after re-inoculation from a stationary phase culture into fresh warm growth medium.

6-2
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Their ability to form z[gotes as well as their ability to adsorb and support growth of the
male specific phage fi2 (Dettori, Maccaearo & Piccinin (1961), Giornale di Microbiol. 9, 289)
has been determined. The results obtained indicate that Iagéahase cells, immediately after
inoculation, show a low probab|I|t¥_ of zygote formation and adsorb phage /;2 with a low
eificiency. At apcprommately the time at which cell division is initiated (determined by
counting with a Coulter counter) the ability of male cells (Hfr) to perform both functions
increases until the culture has entered the stationary phase. With increasing time in the
stationary phase there is a decrease in both the aspects of malcness measured in these
experiments. Furthermore, the Ferlod of maleness can he extended by d||ut|n|g a
Iogarlthmlcally.dgrowmg male culture with fresh warm medium. These results [lend
support to the idea that the male cell performs aJ)rocess 0r p0ssesses a structure essential
to matlngpand ft2 plating, such as the sex fimbriae described by Brinton, Gemski & Carnahan
((&964),, roc. nat. Acad. Sci, Wash., 52, 776). Consistent with this hypothesis are
observations that male cells can be temporarily emasculated either by violent agitation
before mating or by separation of mating pairs. The latter treatment prohibits mat!ng
Wflth asehcon female F cell. Either type of damage can be repaired by a short perio
of growth.

gxperiments with recipient F_ cells indicate there is a higher efficiency of zygote
formation when logarithmic phase F_ cells are employed.

A Surver of the Distribution of Pon-(3-|J.gydroxy*butyrate iE) Azobacter and
Related Genera. By H. Stockdale,D. W. Ribbons™and E. A. Dawes (Department
of Biochemistry, University of Hull.

The presence of pon-/Hiydroxybug_rate (PH B{ has been reported previously in Azoto-
bacter cliroococcum, (Lemoigne, M. & Girard, H. é 943&, C.B. Acad. Sci., Paris, 217, 5573,
A. vinelandii S\Forsyth, W. G.G., Hayward, A. C. & Roberts, J. B. (1958), Nature, Lond.
igé) 800) and A. agilis (Sobek, J. M. & Clifton, C. E. (1962), Proc. Soc. exp. Biol. Med. 109,
An investigation was carried out with representative strains of all known species of the
Benera Azotobacter, Beijerinckia, Derxia and Azotomonas, to determine the distribution of

HB_ throughout this group, and to see if possession of it could be used as a criterion for
classification. All strains of Azotobacter, Beijerinckia and Derxia grew well at 30° in
Norris’s nitrogen-free medium with 1% glucose and laid down PFIB, ranging from 5 to
70% of the dry weight, The authenticity of the PHB samples isolated was checked by
elemental analysis, and infra-red spectra of polymer films. PHB was assayed bK the
method of Law, J. H. & Slepecky, R. A. 5(1961), J.Bad. 82, 33). Interestinthe remarkably
high PHB content of A. beijerinckii led us to carry out further work on this organism.

he only available strain”of Azotomonas, namely A. insolita NCIB 8627, showed no
growth on’ nitrogen-free medium. Growth was luxuriant on nutrient broth with 1%
glucose, at 30°. No PHB could be detected in the lipid fraction of this organism, either
|3r51/me|d|ately after harvesting or after incubation for 24 hr in nitrogen-free medium with

6 glucose.

Dgring growth, the polymer content of the organisms followed a fairly standard Rattern,
remaining reasonabIY constant during exponential growth and reaching a peak in the early
stationary E_hase, after which it declined, ra?|dly at first, and later more slowly.

An investigation of the infra-red spectra of organisms depleted of their PHB reserves by
starvation was also carried out. Samples were freeze dried and pressed into KBr discs.
No significant spectral differences were found amongst the members of the group.

* Present address: ‘Shell’ Research Limited, Milstead Laboratory of Chemical Enzymology,
Broad Oak Road, Sittingbourne, Kent.
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A Trial of Association Methods for Selecting DEeterr&i_native Characters from a
Collection of Micrococcaceae Isolates. By E. B. Pike (Bacteriology Department,
West of Scotland Agricultural College, Auchincruive, Ayr)

The choice oftaxonomic boundaries and key characters for the aerobic Micrococcaceae is
controversial (Cowan, S. T. (1962), J. appl. Bad. 25, 324). Statistical association methods
have heen used to select key characters for bacteria (Levine, M. (1918), J. Bad. 3, 253)
and the author decided to apply similar treatment to a study of 41 characters displayed hy
73 strains of Micrococcaceae freshlz isolated from dust, skin and cheese. Data handllng
wasgerfo_rmed manually with punched cards. Association was measured between all vali
combinations of character pairs using Yule’s coefficient, Q; individual Q values were fused
Into a ‘characters x characters’ matrix. A strip method of cluster analysis (Sneath, P. H. A.
(1957), .7. gen. Microbiol. 17, 20_1?] was used to obtain a rearranged order of characters in
the matrix, sothat characters with similar distributions of Q values were placed adjac,e,ntIY.
The re-arranged matrix displayed four square clusters (A, B, C and D? of positively
associated character Faws arranged along the principal diagonal; these subtended clusters
of negatively associated pairs vert|call¥_and horizontally from their sides. The characters
in these clusters were assumed to define the specific positive and negative character
reactions of four warrantable taxa latent in_the collection of strains, while the cluster
distribution were assumed to reflect taxonomic relations. _

Cluster Awas large and distinct; its posmvelk/ associated characters have been attributed
to Staphylococcus epidermidis. Central characters were growth in 15% (w/v) NaCl broth,
glucose fermented anaerobllc.allly, and acid production from glycerol. Clusters B, Cand D
showed overlappin of[Josmve y associated characters whichappeared to define: cluster B,
Mlcrococcusroseus?cen ral characters: pink pl%ment, acid from mulin, dextrins hydrolysed);
cluster C, M. luteus or Sarcina lutea (starch hydrolysed, lemon pigment, tétrads) and
clusktetr I)J S. afermentans Shaw, Stitt & Cowan (no attack on glucose, heaped rough colony,
packets).

Varim_ion__in Sgore Morphology in a Streptomycete. By W. llodgkiss and T. G.
itciiell (Torry Research Station, Aberdeen, Ministry of Technology)

Electron microscopy of the surface structure of st{egtomycete spores has been reported
by FIa|?_ etal. ((1952), Plant dc Soil, 4, 118); Baldacci & Grein ((1955), G. Microbiol. 1, 28);
and Ettlinger etal. (19583, Arch. Mikrobiol. 31, 326). The spores of 600 strains examined by
Tresner etal. ((1961), J. Bad. 81, 70) were found to"conform to four types—smooth, warty,
spiny and hairy, These authors considered that spore surface structure was a constant
featdre of considerable taxonomic valug. . . _

During participation in the International Streptomvces Progect (1.S.P.) it was noticed
that spore preparations ofStreptom%/cesgnseomycml. (1.5.P. 5159), grown on yeast extract-
malt extract agar (1.S.P. medium 2) showed smooth and spiny spores on the same sgoro-
Ph_ore. Further examinations were made at weekly intervals of cultures grown at 25° on
his I.S.P. medium 2, on oatmeal agar (1.S.P. medium 3), on starch salts agar (I.S.P.
medium 4) and on glycerol-asparagine agar (1.S.P._ medium 5?. The nature of the medium
considerably influenced the morphology of spores. The ratio of spiny:smooth spores varied
from 92:8 on medium 4 at 3 weeks to 1: 99 on medium 2 at L week. ‘Development of aerial
mycelium was extremely slow on medium 5; spores were first detected after 4 weeks
incubation and all these Spores were smooth, On media 2, 3 and 4 the peak spiny:smooth
spore ratio was reached at 3 weeks: the relative number of spiny spores declined thereafter.

he spiny appearance was most consistent on medium 4; on media 2 and 3 spines showed
variation in size and in numbers per spore. _

The occurrence of very occasional smooth sgores amongst the usual spiny spores of
S. viridoehromogenes was noted bg Leehevalier & Tikhonenko ((I9603, Mlkroblologlya, 29,
43). Preobrazhenskaya et al. ((1960), Mikrobiologiya, 29, 51) reported that some strains of
S. coerulescenspossessed smooth spores although these strains did not differ in cultural
characteristics from spiny-spored strains.
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Results indicate that some of the reasons for variation in spore morphology in S. griseo-
mjicini are the ty_i)_e of medium employed, the rate of development of spines and possibly
the relative fragility of these spines.

Inter-oceanic Relationships of Tropical Phytoplankton. By E. J. Ferguson Wood
(Institute of Marine Science, University of Miami, Florida)

~Inastudy of tropical phytoplankton from the Indian, Pacific and Atlantic Oceans, one
is struck by the similarities that occur, both in regard to the distribution of numbers and
ofspecies. The greatest Freponderance_ of diatoms occurs in regions close to shore, especially
in areas of heavy rainfall such as the Timor, Java and Arafura Seas, the northern Coral Sea,
the coast of Venezuela and the Gu_fof Guinea and in regions ofupwellln? such as the north-
eastern Indian Ocean and the Benguela current south of Sao Thome. [n the open oceans,
dinofiagellates especially _naked dinofiagellates or coccolithophores, are much more
numerous than diatoms.” The relative numbers of coccolithophores and naked dinodagel-
|lates varies in different regions but so far no correlations with hydrological conditions have
been made. C_occolgthotphores predominate in the Gulf of Guinea, the Timor Sea and the
Straits of Florida, dinofiagellates in the north-eastern Indian Ocean between Sumatra and
Western Australia, in the"’Amazon region and the north coast cf Brazil and in the Coral
and northern Tasman Seas. IRed tide "blooms ofthe blue-green Trichodesmium eurytliraeum
occur repeatedly in certain areas such as the Indian Ocean north-west of Freemantle, the
Java and Timor Seas, the Coral Sea, Gulf of Mexico and western tropical Atlantic. Causes
of these intense blooms are as yet unknown.

Organic Ag?regation in Sea water by Alkaline Precipitation of Inosr_ganic Nuclei
during the Formation of Ammaonia bK Bacteria. By J. McN. dieburth (Xar-
ragansett Marine Laboratory, University of Rhode Island, Kingston, U.S.A.)

The dominant form of particulate organic matter in the ocean is in the form of non-living
‘organic aggregates’ (Riley, G. A. et al. (1964), Limnol. ife Occanogr. 9, 546) which presum-
abIY are derived from dissolved organic matter by bubble extraction in surface waters
(Sutcliffe, W, H., Jr. et al. (1963), Deep-Sea Res. 10, 2332. However, the widespread
occurrence of ag re%ates throughout the water column wi
bottom water indicates that other mechanisms may oceur.

While using ‘magnesium hydroxide’ coprecipitation (Jeffrey, L. M. & Hood, D. W.
(1958), J. Mar. Res. 17, 247) to_concentrate trace quantities of aromatic comijound_s from
sea water, the efficacy for organic ag?reﬁatlon became apparent. Only{_sl_lgh_ta kalinization
Is required since precipitates form at pk ’s.apf)_roachmg . Such alkalinization must occur
(at least mmroz_onally% when ammonia is liberated during protein decomposition by
bacteria. Experimental observations indicated that this mechanism of organic aggregation
can occur.

“Without bubbling, natural bacterial populations formed aggregates in sea water when
either soluble or insoluble proteinaceous substrates were decomposed to produce ammania.
Naturally, chemically, and bact,enal(l_jy produced aggre ates were indistinguishable micro-
scopically, stained similarly with Gram stain and dissolved upon acidification below
PH 3. Emission spectrpscwy indicated that Ca was dominant in naturally and bacterially
ormed aggregates while Mg was higher in chemically produced aggregates. Fe and Al
were also present in all preparations. Complex mineral assemblages have recently been
shown to be associated with organic aggregates (Chave, K. E. (1965), Science, 148, 1723[).
If the mechanism described is operative in the sea then bacteria would play a central role
in the food web b¥ taking organic matter out of solution and Frowd.lng agqregates for filter
feeders and for further bacterial activity which would release inorganic nutrients for
ph%toplankton.

ther processes may also be involved in the formation of naturally and bacterially
produced aggregates.

h apparent concentration in
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Micro-organisms and Organic M atter Attached to the Surfaces of Marine Sand
Gerallns. B)yJ. G. Andubsox and P. S. Vleadows {Department of Zoology, University
of Glasgow

Little detailed information is available on the distribution and abundance of organic
matter and micro-organisms on the surface of marine sand grains. We have therefore
studied sand from intertidal sand flats, to obtain some estimate of the organic matter and
mmr_o-organlsms present. The sand used was clean to the naked eye, and had an average
particle diameter ranging from OT to 0-5 mm. Our experiments fell into three groups.

(«) Treatment with de-ionized or distilled water causes many bacteria to detach from
the surface of marine sand grains (Meadows, P. S. (1964), .7. exp. Biol. 41, 499-511), and
s0 provides a useful method of estimating the abundance of bacteria on the surfaces of
marine sand grains. Sands were therefore shaken vigorously in de-ionized water for
3-5 min. and viable counts, total counts, and optical density measurements were made on
the resultant washings. Viable counts ran%ed from 4 to 40 bacteria/mm.2 of sand grain
surface, and total counts from 2 x 104to 1 x 105mm.2 Total counts were hence about x 1000
as greatas viable counts. This difference was not due to mortality induced by the de-ionized

water.

(b) Samples of washings obtained as in (a) were evaporated almost to dryness on micro-
scope slides, fixed in 0s04 vapour and stained. Microscopic examination of the stained
washings showed that, besides many bacteria, there were slabs of faintly staining material,
and many diatoms. o _ _ _ _

(cz Sand %rams were fixed in Os04 vapour, stained, and examined microscopically.
On their surtaces were many bacteria and algae, and stalked organisms of the same size
as stalked protozoa. Some parts of the surfaces were covered by intensely staining organic
material, while others were bare and transparent.

Growth D_Y_nami,cs of a Marine Photosynthetic Flagellate under Coptinuous Flow
Conditions in Limiting Vitamin B2Concentration. By M. R. Droop (Marine
Station, Millport, Scotland)

A 250 ml. chemostat was used to measure the yield (Y) and saturation (Ks) constants
respecting vitamin B22in the ch{riysom_onad Monachrysis lutheri. The notations below are
after Herbert, D., Elsworth, R. & Telling, R. C. ((1956), J. gen. Microbiol. 14, 601).
_Forty-five steady-state measurements of cell numbers (x) and flow (D), with vitamin B 12
limiting (sr = 10 p/ig./ml. in the input) %ave a linear regression of D = 0-8—023* for
flow rates between 0-2 and 0-5vol./day. The flow rate for maximum output (Dm) was
therefore 0-40 vol./day. . (i.e. the specific growth rate i when s = s.) in batch culture
was 0-645/day. Hence K's, computed from Dmlfir = (KJsr+1)(1—J[KJ;K_ + 5«)]), was
6-0//lig.Iml. Asa check, assay of the outflow concentration (sg gaves = 2 fl/l%./ml. when
D = 0-39 and x = 1-86 x 106cells/ml.;ands = 6-5when D = 0-b5and* = 1-23 x 106cells/ml.
The values of K's, computed from K s = (liiR—D I(DIs—/lr/sr), were 3-21 and 4-7/;/ig./ml.,
resp_ectwelE/H both values lying within the 95% fiducial limits of the previous estimate.

e

Similarly, the values of Y,"computed from Y - /.- -+, were 0-26 and 0-25 x 106cells/
ppgasg?ts)i)ectlvely.

e reasons will be discussed for the disagreement of these results with previous
batch culture estimates (Droop, M. R. (1961), . -mar. biol. Ass. U.K. 41, 69), when
Ks< 0-1 /t/tg./ml., and Y =0-8x 106 c_eIIs/_t//g?. Chemostat measurements do not
take into account sequestration of the vitamin, tor which there is some evidence, and
the saturation constant could be much lower than that measured. Interpretation of the
role of vitamin B12in marine ecology may thus now have to take into account variation of
apparent K, with population size and of Y with specific growth rate.
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Bacterial Chemostat-Enrichments from Sea water. By H. W. Jannasch (Woods
Hole Oceanographic Institution, Woods Hole, Mass. U.S.A’)

The selective factors of the homogenous continuous culture system have been used for
enriching various heterotrophic bacteria from natural waters {Jannasch, H. W. (1965),
Zbl. Bakt. SuPpI. vol. 13. In recent experiments aboard a research vessel, unsterile sea
water from a teflon-lined pipe was passed through a number of chemostats (11. capacity).
Slmultaneouslr, a sterile medium containing a limiting substrate (([;cherol, lactate, “or
acetate) as well as phosphate and ammaonia in"excess was metered in at a much slower rate
than the sea water. A variety of strains were enriched by selecting substrate concen-
trations within the range of 0-1-100 mg.fl. in the reservoir and dilution rates within the
range 0f 0-05-0-5 hr-1. Samples from the enrichment cultures were streaked on a?ar plates
at intervals of half of the retenticn time. The change in the proportion of colony types was
recorded, and isolates were collected, The enrichments could be reproduced in'the labora-
to_r¥I under identical cultural conditions except that sterile filtered sea water inoculated
with an unsterile sample was used. Experiments with a multi-stage chemostat showed
that, with the substrates used, no satisfactory enrichments could be achieved be}/_ond the
second stage. Tire purpose of enriching and isolating bacterial strains of high affinity for
a substrate (i.e. low substrate saturation constant) was to study the metabolic activities of
these forms as representatives of the marine autochthonic micro-flora.

Classification of Bacillus spp. from Maring Sediments. By G. J. Bonde (Institute
of Hygiene, University of Aarhus, Denmark)

During an investigation of pollution bottom and water samples were collected from
184 stations. The main programme comprised an examination of Gram-negative rods and
anaerobic spore-formers, but 95 Bacillus strains comprising 16% of the aerobic isolates,
were also collected, Sevent)g-two of these Bacillus strains were subjected to 64 tests
glvmg for classification 145 characters. Identification was attempted according to the keys
of Gibson, T. ((1938), Soc. Agric. Bact. Proc. Abstr. 43-4); of Smith, N. R., Gordon,R.E.'&
Clark, F. E.. 19523, Aerobic Sporeforming Bacteria, Agriculture Monograph, no. 16, U.S.
De[g. of Agric.) and of others. OnIIy the Gibson-key permitted a grouping of all strains.

ata from 31 of these sedimental-strains together with that from 14 strains of Bacillus
from spoilt foods were examined by computers using cluster analysis and by grouping
according to overall similarity. — ~

Three groups were distinguished joining to a common stem at the 67% S-level. When
compared with the key classification the largest group of 11 were cereus-like, a group of 8
were sphaericus-like, and a small group of 3 consisted of strains of the licheniformis group.
The remaining strains were either intermediates between the three t[]roups, or joined the
common stem at a lower level. The marine strains were all placed in the two main groups,
or were intermediate between them.

Some Aspects of the Catabolism of the Marine Bacterium, Pseudomonas
natriegens, BY R. G. Eagon and H. W. Cho (Department of Bacteriology, University
of Georgia, Athens, Georgia, U.S.A.)

Pseudomonas natriegens has been shown to produce sufficient acid in carbohydrate broth
when grpwm% under aerobic conditions to give a positive methyl red test and’a pH of 4-5,
Production of gas could not be detected when P. natriegens was cultivated in fermentation
tubes. The acids produced were identified as acetic, pyruvic and lactic acids. Resting
cells, however, converted glucose transiently to the a-keto acids, pyruvic and a-keto-
glutaric, with yields of ever 40%. When glucose was oxidized by resting cells, only 42%
of the theoretical Oauptake was observed. Radio-respirometric experiments revealed that
92% of the glucose actually catabolized bY growing cells was dissimilated via an aerobic
Embden-Meyerholf pathway, wnereas only 8% was dissimilated via the hexose mono-
phosphate pathway which appeared to be limited by the supply of NADP+. Both d- and
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L-lactic dehydrogenases were detected and were shown to be flavin-linked enzymes. The
?yruvw delydrogenase reaction sequence appeared to be able to utilize NADI™ as co-
actor. Isocitric and ?Iulamlc dehydrogenases were also shown to be XADP+ linked while
malic and a-ketoglutaric dehydrogenases were XAI) “linked. Succinic dehydrogenase
apPeared to be a flavoprotein. The si)ecmc activities of these enzP/mes were higher in
extracts from nutrient broth-grown cells than from glucose-grown cells, indicating depres-
sion ofthe tricarboxylic acid cycle by the glucose. Isacitric lyase, but not malate synthetase,
was detected in extracts of glucose-grown cells. Malate synthetase was induced by culti-
vation on acetate when isocitric lyase was increased b%more than sixfold. These results
are consistent with the hypothesis that the rate of NADP+ _suppl?/ plus depression of the
tricarboxylic acid cycle by glucose results in the accumulation of acidic end products.

SYMPOSIUM OX MARINE MICROBIOLOGY

Marine Bacteria eSBeciaIIy Micrococcaceae. By J. Brisou,C. Tysset,Y de Rautlin
de la Roy and R, Curcier (Ecole Xationale de Medicine et de gharmaue de Poitiers,
University de Poitiers, France)

Marine bacteria have wide and varied physiological properties despite the low concen-
tration of nutrient organic matter in the sea. The physiological activity of marine bacteria
can be examined either by studying the biochemical properties of the isolated bacteria, or
by studying their enzymic activities under natural conditions. Their biochemical properties
were deduced from more than 120,000 experimental observations, 75-80% of the isolated
samples produced proteolysis, reduction of nitrates to nitrites and had an action on sugars
and fats. Indole and h dro%_en sulphide production ﬁmore frequently encountered in
l\/r|1.etd|telrra.nean than in Atlantic waters) were ecologically related as were ureolysis and
chitinolysis. _ _ , _

W ith“regard to nutrient organic matter, 400 analyses of Atlantic, English Channel and
Mediterranean waters showed the content of organic matter to be on the average 4T5 mg./l.
rising to 10 mg./I. near beaches and ports. These concentrations are probably the minimum
which will allow the growth of heterotrophs in natural sea water. Xative bacteria such as
Vibrio and Pseudomonas spP. will grow in sea water containing 8-10 mg./l. organic matter.
On the other hand, heterotrophic mesophiles and pathogenic bacteria such”as Staphylo-
coccus aureus or Escherichia coli cannot grow under these poor nutritional conditions.
Consequently they are seldom encountered in sea water except on fish, shell fish, plankton
and in some sediments. However, alth_ou?h sea water is too poor in nutrients by a factor
of 100-500 to allow pathogenic bacteria to ?row, the latter can survive for a fong time,
retaining their biochemical properties and in tact they are good ‘tracers ’of currents and of
pollution. 'In the non-growing, ‘quiescent’ form they are quite resistant to hactericidal
agents. When adsorbed on organic or inorganic particles or on plankton they can grow and
by selection, mutations, etc., can give rise to new varieties. -

“Marine bacteria generally are Gram negative; only 0-5-5% are Gram positive and hence
itmight be of interest to report some recent work on about 200 Micrococcaceae comprising
2% of our total isolates from sea water. _ _

The bacteria were isolated either on the usual media or on selective substrates such as
tellurite and azide, and, after purification, were submitted to a series of tests including
respiratory type; action on bile salts, on skim milk containing 0-1% methylene blug, on
sugars and on casein; growth at 45°; proteolysis and haemolysis; and coaﬁulase_ activity
and pha?e sensitivity for positive strains. As a result of these tests, the micrococci
isolated from three main sources Ipla_nkton, open sea and shore waters, have been arranged
into anumber of specific or physiological groups. Most species are non-proteolytic and do not
reduce nitrates. Some fermentcarbohydrates, othersare non-proteolytic butreduce nitrates.

These results are different from those obtained with Gram-negative bacteria in which
proteolytic and nitrate-reducing types predominate, The sea-water micrococci have been
well documented; ZoBell & Upham (g1944), Hull. Scrlpgs. Inst. Qceanogr. 5, 239), Kriss
((1963), Marine Microbiology ‘(Deep Sea), Oliver and’ Boyd, Edinburgh and London),



XXIV Society for General Microbiology: Proceedings

y\lood,((f%z, 7._gen. Microbiol. 6, 205), Cviie (Bibarstveno-bioloska ckspedicija mjb
lIvor’, [2V)eCSa, Rep. 4, no. 1), Anderson ((1962),./. appl. Bact. 25,362) and Brisou 8(195 ,
Mlcrobloloq e du milieu tnnrin, Flainmarion, Parls%._ Anderson considers it too early yet to
suggest a classification for these bacteria; but we think we have obtained a fairly composite
picture which agrees with the actual taxonomic position. _

On the whole, all micrococci grow well in sea water except for a few strains of M. afer-
mentans, M. Intern, M. Candidas and M. aquivivus. The main species found have heen
M. luteus (30 strains), M. Candidas (2@, and Strhe}]p, faecalis (16). M. luteus Fredomlnates
in the oEen sea off Dakar, while off La Rochelle, M. candidus and Strep, faecalis occur most
frequently. Authentic strains of Staph, aureus are very rarely found in sea water even near
the”sh.ore, while Strep, faecalis is quite numerous on the beaches and is good evidence of

ollution,

d From this study we propose a determinative scheme for the marine micrococci based
mainly on their physiological characteristics and respiratory types. So far, about 200
species have been described in the literature, but since the original descriptions of many
of these are very incomplete, they have been omitted from our scheme, thus smphfymg
the systematics. We Bropose cne key which comprises 44 species and all the isolate

bacteria are classified by a simple set of tests.

Marine Sedentary Bacteria. By G.D. Fioodgate (Marine Science Laboratories,
University College of North Wales, Menai Bridge, Anglesey)

_ The ability of aguatic bacteria to adhere to the solid particles usually found susFended
in natural waters is well established (Henrici, A. T. (1933), J. Bact, 25, 277: ZoBell, C. E.
E1_946), Marine Microbiology, Chronica Botanica; Kriss, A.E. (1962), Marine Micro-
|0I0gk/) (Deep Sea), Oliver and Boyd). The use of the term J)enphync’ by Henrici to
describe this phenomenon is unfortunate on several counts and the terms ‘,sedentarY’ or
‘settled” are preferred here, The ability to settle and grow on solid surface is probably of
great importance in the mineralization cycle in the sea, particularly in coastal waters.

The easiest way to demonstrate the phenomenon is to allow microscope slides to remain
suspended in water for periods varying from about Lhr to several days. Bacteria will be
found adhering to the glass as sm%_le rod-shaped cells, as microcolonies or as long filaments
mcludm%_ some containing spore-like structures. Cocci appear only ra_relr. The degree of
colonization depends upon the length of submersion and the bacteriological condition of the
water mass. The method has been used extensively by Kriss in the major oceans, and he has
demonstrated bacterial settlement down to a depth’of several thousand metres. In many
seas he observed large numbers of an unusual organism which consisted of a long, slender
thread, one end of which was attached to the slide, while the other end formed a bulbous
head. Kriss created the class Krassilnikoviae for these organisms. The validity of these
observations has been challenged, however, and it has been suggested that the alleged
organisms were, in fact, detached colloblasts of ctenophores. Attempts to observe organisms
that clearly be on? to the Krassilnikoviae on slides submerged in the Menai Straits have
failed; but carefu observatlon.sug%ests two organisms growing in close proximity may
produce an appearance not unlike that of the Krassilnikoviae as illustrated by Kriss.

Another form of bacterial settlement recently described by Christie & Floodgate
may be confined to tuibid, fast-flowing water, such as the Menai Straits. In this case
small, fragile, branching structures, not unlike certain hydroids in apFearance, have
been found rowmq on plastic panels and glass slides. They are found on ¥fr0_m October
through to March. 1In sprmgan summer, the structures are overgrown by fouling macro-
organisms. The structures are composed of mineral crystals, organic detritus and
bacteria. The latter may be partly responsible for maintaining'the [ntegrm{ of the structure
bly producing sticky capsular materials, though the mutual adhesion of clay particles may
also contribute. The presence of a greater concentration of caleite in the Structures than
in the surrounding water suggests that the bacteria may precipitate calcium carbonate
in situ from the sea water by a local pH change, caused by ammonia produced from
proteinaceous material.
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Field observations such as these have sug ested laboratory experiments. Past workers
ge.g. ZoBell, C. B. & Anderson, D. Q. (193 )q Biol. Bull. mar. biol. Lab. Woods Hole, 71
24: Harvey, H. W. (1941) J. mar. Biol. Ass. U.K. 25, 225) have shown that when natural
sea water, in which dissolved nutrients are present only in very low concentration, is
allowed to stand, there is a rapid rise in bacterial numbers, and that one important factor
governing the rate and amount of growth is the surface area of the vessel. These results
were attributed to the absorption of nutrients on the %Iass to which the bacteria also
attached themselves. A similar relationship between dilute nu_trlentsulpply and growth on
the walls of the vessel has been shown for E. coli by Heukelekian & Heller ((1940%, J. Bad.
40, 547). Bacterial settlement has been further investigated in this laboratory usm?_a pure
culture’of a Gram-negative rod isolated from the Menai Straits. Bow concentrations of
washed cells of the organism have been suspended in artificial sea water containing no
organic material. Acid'washed glass surfaces and surfaces on which nutrient material had
been pre-adsorbed were submerged for varying periods in the suspension. Some bacteria
settled on clean slides in the absence of organic material. Settlement on the surfaces with
adsorbed nutrients showed no evidence of chemotaxis; cells were observed both to settle
on the glass and to leave it again. However, once the organism had finally settled the
adsorbed nutrients apparently affected the rate of cell division.

Some Recent Studies on Marine Bacteriophages. By Perviz N. Chaina (Torry
Research Station, Aberdeen)

~Large numbers ofb_acteriophagies have been isolated and studied, and they are abundant
in soil, sewage, decaying vegetable matter and inland waters. However, knowledge of their
occurrence and activity in the sea is very fragmentary. The present paper records a study
of the bacteriophages present in Indian ‘waters, and in the North Sea.

In the Indian work, sea-water and mud samples were collected at various depths from
the surface down to 800 m. The area mvestlgated was between latitudes 16° 18'N. to
20°42'N. and longitudes 62° 52" E. to 72° 55'E. The temperature of the sea water varied
from 10-8° to 31° and that of mud samples from 27-3° to 29-3°. ‘Lemco’ agzar, sea-water
‘Lemco’ agar and ZoBell’s medium 2216 were used for the isolation of bacteria and sea-
water ‘Lemco’agar to isolate and study the bacteriophages. After preliminary isolation of
the bacteria, attempts were made to isolate bacteriophages by direct and indirect methods.
Usmg incubation at room temperature (25°-2_8°%, a total of'629 cultures of bacteria were
isolated, of which 10 were sensitive to bacteriophages. The sensitive cultures belonged to
the following genera: Pseudomonas (5), Flavobacterium (2), Achromobacter (22_and Vibrio (1).
Identification was carried out according to Bergey’s Manual of Determinative Bacteriology
(7th ed.) and ZoBell & Upham ((1944), Bull. Scripps Inst. Oceanogr. 5, 239-92).

The bacteria and the bacteriophages were mildly halophillic and could tolerate a salt
concentration up to 17%. The bacteriophages were more stable to heat than their hosts
and could tolerate 50° for 30min. All bacteriophages were killed at 60° for 15 min. but were
viable at 60° for 2-5 min. All were active at pH 7-3-7-9, one showing sllght,acnv%y at
gH 7-0, two at pH 8-0 and one at pH 8-5. Compared with bacteriophages isolated by

pencer from the North Sea it would appear that those from tropical waters are the more
resistant to heat. _ _ o

The marine bacteriophages were tested against 25 species of bacterial fish pathogens;
onISy one was active against one bacterial species, namely, Vibrio iclithyodermis.

‘Some recent electron microscope studies of bacteriophages isolated from the North Sea
will also be discussed.

Experimental Studies on Some Representatives of the Haptophyceae. By A. D.
Boxey (Department of Botany, University College of Wales, Aberystwyth)

The class Ha_p_to(fhyceae has been created in recent years to include those organisms,
ongi_lnally classifiea in the Chrysopliyceae, which, in their motile phase, bear paired aerone-

matic flagella; in many instanices these motile organisms also bear a specialized organelle,
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the ha_ﬂtonema (Parke, M. (1901), Brit, plujcol. Bull. 2, 47; Christensen, T. (1962), Alger,
Bolanik, Bd. 2, no. 2, 178). Where these organisms bear scales they are either organic of of
a calcarous nature (coccol;ths?. With a number of marine representatives of these motile
coccolithophorids, growth in clonal culture without frequent subculturing produces benthic
forms which, in their thallus condition, are similar to ?_Iants earlier described as separate
entities in the _Chrysoh)h geae (e.f. Apistonema, Chrysotila, Chrysonema); (Stosch, H. A. v.
&1955) Naturwissenschaften, 42, 423; Stosch, H. A. v. (1958), Naturzvissenschaften, 45, 140;
ringsheim, E. G. (11955), Arch. Mikrobiol. 21, 401; Parke, M. &1901), Brit, phycol. Bull. 2,
47; Valkanov, A. (1962), Rev. algol. 6, 220). A similar range of form of benthic phase has
been observed in cultures of coccolithophorids isolated from various localities, including
some from the coast of Wales. The benthic forms obtained from these coccolithophorids in
culture have been compared with similar plants found in nature. _ _

In fresh culture media these benthic phases release again the motile coccolithophorids.
Studies have been made on the release of motile cells from the benthic phase under experi-
mental conditions simulating the environmental factors in habitats characteristic of the
benthic phase in nature. These have shown that release of motile cells can take place over a
wide salinity ran([].e (0-3-9%), and that benthic cells can survive protracted immersion in
media of high salinity (9-24%) without releasing motile cells, and still release them on
re-immersion in normal media.” A possible selection of ‘physiological races’ seems to occur
when coccolithophorids are cultured over protracted periods in media of different salinity.
ToHether with the euryhaline nature of coccolithophorid release, the benthic phase appears
well adapted to chan%esmtemperature and exposure to air of different humidities. Release
of coccolithophorids has been obtained in a pH range of 3-4-10; at pH values lower than
5-7, motile cells were obtained lacking coccolith cover. Lowered salinities similarly result
in a release of cells lacking coccoliths. Studies have been made on the growth in culture
of these motile cells which lack coccoliths. _ ,

The coccolithophorids are well known constituents of the marine microplankton. The
benthic forms (as distinct entities) have been described from estuarine and intertidal
habitats. The results of these experimental studies have indicated that benthic forms of
marine coccolithophorids, obtained in clonal culture, are well adapted to habitat conditions
ofthis natyre. These observations give added weight to the recentinclusion ofthese benthic
algae (Apistonema, Chrysonema, "Chrysotila) in" the Haptophvceae (Parke, M. (1964),
J."mar. biol. Ass. U K, 44, 518).

The Effect of Moderate Temperature ona Vibrio marinus, an Obligate Psychro-
hilic Marine Bacterium. By R. Y. Morita (Departments of Microbiology and
ceanography, Oregon State Univérsity, Corvallis)

Numerous obllgate psvchropliilic bacteria, until recently thought to be non-existent,
have been isolated from the sea below the thermocline and the Arctic area.

Vibrio marinus ATCC 15381, which has a maximum (t;rowth temperature of 20' and an
optimum growth temperature of 15°, was selected for studies to determine why exposure
to temperatures between 20° and 30° killed the organism. Inactivation of the metabolic
mechanism involved in oxygen uptake either endogenousl%or in the presence of glucose
occurred when the cells were heat shocked at temperatures between 20° and 30°. The data
suggested that biochemical lesion(s) had occurred in a metabolic pathway involved in

oxwen uptake. , _
hen the cells were subjected to moderate temperatures leakage of cellular materials
occurred. After the heat treatment of the cells, the samples were centrifuged at 0°,
decanted, and the supernatants stored on ice. The supernatants were aswxed for protein,
RNA, DNA, and amino acids by the biuret, orcinol, diphenylamine and ninhydrin methods
respe_ctl,veg. After protein déterminations had been made, the supernatants were de-
proteinized by heating adding 10% (w/v) TCA, and clarifying by filtration. The subsequent
supernatant contained malic dehydrogenase, glucose-6-phosphate dehydrogenase as well
as other protein material, RNA. DNA; and amino acids.
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Malic dehydrogenase in the organlsm was stable at temperatures from 1° to 14°.
Increasing the temperature beyond 14° for 60 min. inactivated the enzyme in the cells.
In cell-free extracts in 0-2m tris-sulphate near!f/ 95% of the malic dehydrogenase was
inactivated in 10 min. at 30°. Exposure to moderate temperatures inactivated partially
purified malic dehydrogenase. The addition of ammonium sulphate protected the malic
dehydrogenase against the effects of moderate temperature. Other salts did not stabilize
the "enzyme. When cells were subjected to moderate temperature in the presence of
ammonium sulphate (7-5%) leakage of malic dehydrogenase was decreased, presumably by
the stabilization of the cellular membrane. -
fIhhe abﬁ)ve data suggest that moderate temperatures destroy the control of permeability
of the cell.

The Role of Inorganic lons in the Ph)ﬂﬂsiology of Marine Bacteria. By R. A,
MacLeod (Department of Microbiology, Macdoriald College of McGill University and
Marine Sciences Center, McGill Univérsity, Montreal)

The highest bacterial counts on sea water or marine materials are obtained if the ’[J/llat[ng
medium 1S precpared_wnh sea water or with 3% NaCl (see ZoBell, C. E. (1946?, aring
Microbiology, Chronica Botanica Co., Waltham, Mass.). Studies usm? chemically defined
medja have shown that the need for sea water reflects a requirement of marine bacteria for
Bartlcular inorganic ions. Most notable is a highly specific requirement for Na+ which has

een detected in all marine bacteria (see MacLeod, R. A. (1 65%, Dacl. Rev. 29, 9). Na+
dependent transport mechanisms have been found in marine actsrlal ells (Drapeau,
G. R. &MacLeod, R. A. (1963?1, Biochem. Biophys. Res. Commun. 12, 111). The quantita-
tive requirements of these mechanisms for Na+ were examined u_smgﬂ non-metabolizable
analogues of metabolizable substrates and were found to varY with the substance being
transported. These variations in requirements for transport correlated well with the
amounts of Na+ needed for growth when the corresponding metabolites served as sole
sources of carbon in the medium (DraPeau, G.R. & MacLeod, R. A., unpublished). It was
thus concluded that in the case of at least one marine pseudomonad the Na+ requirement
forN?rowth represented a requirement for Na+for the transport of substrates into the cell.
any marine bacteria lyse when suspended in distilled water. Studies with isolated
envelopes of a marine pseudomonad showed that at low salt concentration both non-
diolysable and dialysible maten_alapﬁeared in solution. This occurred with both heated and
unheated preparations suggestmg that the breakdown of the envelope was not enzymic.
At higher temperatures, |?her salt concentrations were required to prevent the loss of
soluble material from the cell enveIoPes. The non-diolysible material appearing in solution
at low salt concentration was found to contain amon% other things, glucosamine, muramic
acid and diaminopimelic acid. Electron micrographs of thin sections of the envelopes
revealed thatat low salt concentration the outer layer of the cell wall remained intact. These
flndlndgs are consistent with the.theorly that in this marine pseudomonad the rigid muco-
peptide layer is composed of units held together by cross-linkages between polyanions on
adjacentunits. The units would be able to come close enough together to form a continuous
layer only if the negative charges on the polyanions were screened by the cations of a salt
(Buckmire, F. L. AT & MacLeod, II. A, Can. J, Microbiol., in the Press).
A third function_for inorganic ions in the life of marine bacteria has recently come to
light. Thisisarole in maintaining intracellular solute concentrations and was first ghserved
with a marine pseudomonad (Drapeau, G. R. & MacLeod, R. A. (1965), Nature. 206, 531).
The results have been extended to include studies with a Photobacterium (Srivastava, V. &
MacLeod, R. A., unpublished). Cells of both species were allowed to accumulate [14C]-a-
amino |sobutYr|c acid, a non-metabolizable substrate that can be concentrated by the cells.
When the cells were removed from the incubation medium and resuspended in various salt
solutions, the labelled compound w'as retained bg, the cells in some suspensions while in
others it was lost to the medium. Viability studies conducted with the Photobacterium
species showed that salt solutions permitting retention of the labelled compound also
maintained the viability of the cells.” Conditions which did not permit the retention of the
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labelled compound, however, did not necessarily lead to loss of viability of the cells. These
findings su ([J_est that a critical solute whose loss leads to rapid death of the cells is retained
under-conditions which are somewhat different from those required to maintain the intra-
cellular level of a-amino-isobutyric acid.

Gaffkaemia, the Blood Disease of Lobsters. By P.C. Wood (M.A.F.F., Fisheries
Laboratory, Burnham-on-Crouch, Essex)

The death of lobsters associated with infection by a tetrad-form |n8 micrococcus was first
reported by S. F. Snieszko & C. C. Taylor (1(1947), Science, 105, 500) and since that time
the disease has been identified in Eire, Holland and Canada. Tﬁe condition is tyﬁmed by
the sudden death of large numbers of lobsters during commercial storage in tanks of sea
water. In 1962 the disease was observed in stora?e tanks in southern England and deaths
occurred for two periods of several weeks. The lobsters became weak, and died without
external symptoms, except that the blood of damaged lobsters failed to clot. Examination
of the blood revealed large numbers of tetrad-forming encapsulated micrococci which haye
previously been described as Gaffkya homan’\anronson, . (1956), J. gen. Microbiol. 15
178), Pediococcus homari (Deibel, R. H. & Niven, C.F. (1960), J._Bad, 19, 175) and
Aerococcus sp. (Coster, E. & White, H. R. (1964), J. gen. Microbiol. 37, 15). The organism
was also isolated from the water in the storage tanks, and from the walls and equipment.
The strain isolated was compared with those recovered from dead lobsters in America,
Eire and Canada. All strains had marked cultural and biochemical similarities, producing
white colonies of 1mm diameter cn blood agar base (Oxoid Lt,d%and a zone of /1-haemo-
lysis on sheep blood a?ar. All were Gram-positive cocci which could ferment glucose,
sucrose, lactose and maltose in 24 hr, and mannitol in 48 hr; they were unable to produce
indol, acetyl methyl carbinol, catalase and gelatinase. AIthou%h there maY be some dispute
about the ‘precise'nomenclature of these strains, there can be no doubt about the close
similarity of strains isolated from lobsters from a variety of sources.

There’is evidence that the organism is present in healthy lobsters when they are taken
from the sea. Over 50% of lobsters examined by J. E. Stewart ar.d J. F. MacDonald_ in
Canada ((1962), Circular No. 9, Fish Res. Bd. Can? were infected with Gaffkya-like
organisms and’ the or%anl_sm has also been isolated from two lobsters taken from the
North Sea. A survey of British lobster stocks was indeterminate, for although strains were
isolated which were culturally and biochemically identical with the known pathogenic
organisms, injection of broth cultures into healthy lobsters failed to cause infection. This
may have beén due to the loss of virulence of cultured organisms.

Taxonomic Studies of Strains of Marine Luminous Bacteria, By Margaret S.
Hendrie, W. Hodgkiss and J. M. Shewan (Torry Research Station, Aberdeen)

Luminous hacteria are not uncommon in the marine environment and even as early as
1920, many species had been described and assigned to no fewer than 15 different genera.
In 1889, Beijerinck (Archs ngerl. Sci. 28, 401 IPro_posed that all luminous bacteria be
Placed in the genus Photobacterium, but in 1916 (Folia microbiol. 4, 15) he reco?mzed that
here was already much confusion in their nomenclature. At present almost 100 generic
and specific epithets have appeared in the literature and the resulting confusion is dealt
with In the 7th edition of Bergey’s Manual (1957). _ o
Breed & Lessel ((1954), Antonie van Leeuwenhoek, 20, 58) reviewed the classification of
luminous organisms and proposed that they be placed in the genera Photobacterium (a qenus
within the famlljv Pseudomonadaceae) and Vibrio. Spencer ((1955_)0, J. gen. Microbiol. 13,
11%) also pointed out the affinities of some of these organisms to Vibrio and to Aeromonas.
hepore_sent position in Bergey's Manual is that four species (Photobacterium phospho-
reum, P. pierantonii, P. fischeriand P. harveyi) are placed in the genus Photobacterium and
four species are placed in the genus Vibrio (V. albensis, V. indiens, V. luminosus and
V. pierantonii). The type species, P. phosphoreum, is described as a coccobacillus which is
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either not motile, or only shows an occasional motile cell. All the species having a motile
phase are described as Eossessmg one or more polar flagella. . o
Our present studies have been carried out on 50 strains of luminous bacteria in the
National Collection of Marine Bacteria. All the strains are Gram-negative rods which,
although sharing the common feature of luminescence, exhibit morphological differences
which, to a lesser extent, are reflected in their biochemical activities. _
Electrqn_m|proscopty has shown three main types of cell morphology: (a) non-motile
coccobacilli without flagella; %b) motile rods with 1‘polar flagella, and {c) peritrichously
flagellate rods. The last group s owaunlquetylpe of flagellation. In addition to fine lateral
flagella each cell possesses a much thicker flagellum at one or both poles. Although the two
types of flagella were described bK Johnson et al. ((1943), J. Bad, 46, 167) in Johnson’s
original strain of Photobacterium harveyi, this characteristic apppears to have been over-
looked in subsequent literature. The thicker, polar flagellum of P. harveyi shows a distinct
sheath, a structure analogous to that described in some Vibrio spp. by Follett & Gordon
8519633, J. gen. Microbiol. 32, 235) and Ogasawara & Kuno ((1964), Nagoya J. med. Sci. 26,
and 109). Some strains of P. harveyi also possess fimbriae, organelles which we have
not previously detected in marine micro-organisms. . _
Starch-gel electrophoresis of the esterases and catalases of all the strains examined show
three main types of pattern, one of which shows some affinity to the genus Vibrio.
Ph%swloglcal studies indicate that the optimum conditions for luminescence are variable,
but the majority of strains do not grow in the absence of NaCl and most prefer 2-3% NaCl.
Usually the temperature range for growth is limited and, although some strains grow at
37°, most prefer temperatures between 5° and 30°. All strains ferment glucose. Some are
oxidase positive ana sensitive to 2,4-diamino-6,7-di-isopropyl-pteridine which indicates
that these strains mag be correctly asmgned to the genus Vibrio (Shewan et al. (1954),
Nature, Lond. 173, 208; (19602 J. appl, Bad, 23,379, _
The taxonomic position of he remaining types is more difficult to assess but possible
assignments will be discussed.
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