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Imagine a world without c010ur-a light-and·sh 'dow world instead or
our mulli-hued universe. Colour implies life. VigOll.". variety .. ,
Primitive man realised the significance of colour and made it very much
a part of his life. He incorporated it in ritual. He used it for adornment or
to make himso:r fearsome in battle.
Modern man uses colour even more-to make life varied and joyful­
with bright colour schemes for homes. offices. automobiles-and beautiful
illustrated magazines, multi-coloured rubber and plastic articles.
All these and many others need pigments. and more so organic pigments
such as those manufactured by COLOUR·CHEM.
Textile printers usc organic pigment emulsions as well as synthetic binder
materials. bOlh of which COLOUR·CHEM were the first to manufacture
in India. With the technical knowledge of Germany's leaders in the field­
FARRENFABRlKEN RAYER AG. and FARBWERKE 1I0ECHST AG.-
and skill born of experience and unceasing research, COLOUR·CHEM
continue to manufacture the finest quality products.

UNQUESTIONABLY

COLOUR-CHEM
Distrioulrd through:
• CHIKA LIMITED. Mehta Chambers, 13. Mathew Road, Bombay-4.
• HOECHST DYES'" CHEMICALS LTD..

Parekh Mahal. Veer Nariman Road. Bombay-!.
• INDOKEM PRIVATE LTD.. 221. Dadabhoy Naoroji Road. Bombay-I.

IMaiSSI (Backrd by 100 yrars of Grmlan experience)
•..:..:..-:..- COLOUR·CHEM LIMITED

Fort House. 221. DadabhoyNaoroj.i Road,
Fort, Bombay·1.
Makers ofPigments & Binders

in collaboration with
FARBENFABRIKEN BAYER AG., Leverkusen, West Germany; and
FARBWERKE HOECHST AG.• Frankfurt, West Germany.
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"Polyphos" condenser for variable illumination for phase contrast,
dark and bright field."Binolux" Mercury Illuminator for contrast nuorescence­
Combination of phase Contrast and fluorescence.

Accessories for all modern techniques like micro vacuum heating.
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Sold and Serviced in India by:
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Kasturi Bldgs" J. Tata Road, BOMBAY-1.
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'CORNING' BRAND

CONICAL OR PHILIPS BEAKERS
Highly resistant to the chemical attack of water and al most every ac id,
in the general working range of temperature. Withstand repeated
sterilization, wet or dry.

Now available for immediate delivery. Sizes: 250 ml. and 400 ml.

.1

Other 'CORNING' Brand Glassware such as Low Form Beakers, Flasks, Test Tubes, etc.,
are also available from stock. Price List on request.

DISTRIBUTORS

B. PATEL & COMPANY
27/29 POPATWADI, KALBADEVI ROAD. BOMBAY 2

--_..-._._-- .._- --------------------
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JIIR-JUNE 1966 .A 13
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'ERMA' Japan make ABBE REFRACTOMETER
for determination of refractive index of any transparent liquid. plastic or solid
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(Indian Languages Unit)

Advertise in and subscribe for the only
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PRAGATI' approved by the Hindi speak­
ing States for subscription by all Schools,

Libraries, etc.

Single copy 0.50 paise

Annual subscription Rs 5.00

For (ull particulars, please write to the /I',anager,
Indian Languages Unit, CSIR, P.I.D. Building,
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Fluorescent lamps, etc. etc.
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Write giving details of your requirements. You
will fi, d ollr quotations for these and also
transformers, rectifier units, etc., very attractive.

These as well as battery chargers. d.c. units and
transformers for various ratings are our special
products and in demand with Industry, Trade
and Government Departments.

RADIOTONE products cover a wide range of
articles in Electrical & Electronic industry.

503, GIRGAUM ROAD. BOMBAY 2.

RADIO ELECTRIC PRIVATE LTD.
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Glassware 'Our Special it/

......
WE SUPPLY COMPLICATED RESEARCH APPARATUS

IS'R-JUNE 1966



A)6

NMR.ESR
AlWS++

POLVTRONIC
ELECTROMAGNETS
Nuclear Magnetic Resonance and
Electron Spin Resonance are used
more and more throughout the world
for basic research in Physics as well
as in chemical analysis of substances.
Both NMR and ESR experiments
require reliable Electromagnets capable
of producing High Fluxdensity with
continously variable air-gap facility.
Polytronic 'H' Type Electromagnets
fulfil these exacting requirements,

Polytronie 'H' Type Electromagnets
are available from 75 mm to 150 mm
Pole sizes with Constant Current
Regulators.

III

for electronics, Jrimce and technology

,
POLYTRONIC CORPORATION
20A, Shakli Sadan, Junction of Ta,deo

Bridge & Lamington Road, Bombay-7 WB.
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Maximum Temperature 950'C
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Working Temperature 930°C
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For further particulars please Contace manufacrurers
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394 Lomington Road, Bombay 4 BR

Phone: 41233 Grams: 'TEMPOVEN' Sl
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Recent Progress in the Chemistry of Allenes
D. LJEV.\PIL\BHAIC\IU & 1'. S. S,\\lI'.ITIII\U\I.\1<

Dl'partment of Chemistry, lndian lnstitutc..' of Tl't..:hlllllogy, 1\:lnpUf

(Il)

Synthesis of Allenes

Various unambiguous methods of synthesizing
allenes have been reported in the literature prior
to 1958. There arc a number of disadvantages
and uncertainties in these metholls. Further, they
do not lend themselves to the synthesis of both
acyclic and cyclic allenes.

In 1958, Doering and LaFlamme) reported a novel
two-step synthesis of allenes from olefins. The
first step involves the addition of dibromocarbene
to an olefin and the second involves the reaction
of the resulting substituted I, I-dibromocyclopropane
with magnesium or sodium to give the allene. Thus
the overall structural change involves the insertion
of a single carbon atom between the two of the
original double bond.

ALLENES are a class of dienes containing double
bonds in 1,2-positions (I). Thus they contain
a highly reactive unsaturated system present

in a chain or a cyclic system. They arc of interest
because they are not only monomers for poly­
merization but also unique chemical intermediates.
Though a great deal is known about the isomeric
acetylenes, relatively little is known about allenes.
Many of the reactions arc still to be investigated.
The stereochemistry is another interesting feature
in this unusual unsaturated system. Only limited
numbers of natural products containing allenic
system are known. One of them is the antibiotic
mycomycin (II).

R" /R
C=C=C

R/ 'H

(I)

HC _C-C .=C-CH=C=CH -CIl =CH -CH=CH -Cl-I,
-COOl-[

Yields were foullli to be better with sodium titan
magnesium. This two-step ml'thod has the advan­
tage of being adaptable to the synthesis of both
acyclic and cyclic :t1lenes sincl' the starting matt'rial
is an olefin which is readily available. The 0111,·
disadvantage is the formati;,n of a small amuutlt
of isomeric acetylene when magnesium m("(al i.,
used.

Cyclic allctlPs were lirst described hy Favorskii~

and Dominin 3 who claimed to haVI: preparctl
1,2-cycloheptadiene (X) hy the action of sodium on
l-hromo-2-chlorocyclohepl!'lIe (I X). .\\tl:mpts b,·
other workers, using mort: gl'lH:ral ml'thods, to pre­
pare 1,2-cycloheptadiene (X) and 1,2-cyc]oocta<.liene
(Xl) were not successful.

IX

(\'111)

rrsr

~CI

Ball and Lanl!or4,5 were ahle to obtain only l!imers
(XIII) anl! (XV) hy dropwise addition of i-chlem­
cyclohcptene (XII) allli I-chlorocyclooctenl' (XI\")
respectively to sodamide in liquid ammonia. The\"
also attempted to prepare 1,2-cycloheptadiene IX)
and I.2-cyclooctadietH: (Xl) using the proCo:Utilc _.
of Doering and LaFlamlll"l. The additlo" u;­
7,7-dibromohicyclo[4.1.0]heptane (XVI) to sodium
dispersion on alumina gave hicyclo[3.2.0]hept-2-enc
(XVII) while the products from ~,X-dihroll1obicyclo­

[5.I.O]octanc (XVIII) wcre hicyclo[4.2.0]octa-2-cnc

_·--->CII,~.C=CH-C1I,-C1I, -C1I"

·-·-----.CH,,-ClI =C=CII-CH,

(\') ,.I
.,

CII,=CII-C1 ;,-Cl-I,-CI [" ·->CII, - CI [ -CI r, -C II, - CI.' ,

"'-/
(1'1) Cllr, ("11)

Mg or" /
---+ C=C=C

N" / "

" / ,,/
C=C +:CBr,--+ C-C

/ , /, /,
C

-' "fir llr

(III)

1,I-Dibromocyclopropanes were prepared by these
workers conveniently in one step through the reac­
tion in which an olefin is treated with bromoform
and potassium tert-butoxide. Thus they were able
to synthesize 2,3-pentadiene (V) and 1,2-hexadiene
(VIII) from 2-butene (III) and I-pentene (VI) respec­
tively in 40-65 per cent yield.

CH,-CH=CH-CH,---+CH,-CH- CH-CH,---+

"'-/
Cllr,

(IV)

QNONH2~ CtO
CI

xn xrrr

ONONH2,0=0
Cl

XlY XY
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XX
(XIX) and 1,3-cyclooctadiene (XX). These results
suggest that seven- and cight-nwmbcrcd cyclic allenes
dimerize or rearrange internally when adsorbed on
alumina.

By a similar procedure, Ball and LalHlor4,5 were
able to synthesir.c 1,2-cyc]ononadiene (XXII) and
1,2-cyclodl,cadil,ne (XXIV) from I-chlorocyclo­
noncne (XXI) aml I-chlorocyclmleccnc (XXIII) and
also by the allclition of 9,lJ-clibromobicyclo[6.1.0]­
nonane (XXV) and IO,IO-c1ibromobicyclo[7.1.0]­
dccane (XXVI) respectively, to sodium dispersion
on alumina (Cbart 1).

,.--,.
CH C"
II II
C C
II II
CH (H
LJ
XXIXllvm

Brx()<Br
--+ --Br Br

xxvn

o

The generality of the reaction of Moore and Ward",1
was later extended by Skattebols,9 who prepared
2-meth yl-2, 3-pen tadiene, 2,4-dimethyl-2,3-penta­
diene, 1,2,6-heptatriene, 1, I-diphenyl-I ,2-propadiene,
l-phenyl-I,2-propadiene, 1,2-cyclononacliene and
1,2,6-cyclononatriene starting from a suitable olefin
in eacb case. Of particular interest is the synthesis
(Chart 2) of two cyclic diallenes (XXIX) and
(XXXII) from 1,5-cyclooctadiene (XXVII) and
1,8-cyclotetradecadiene (XXX) via 9,9,10,10-tetra­
tricyclo[7.1.0.0]decane (XXVIII) and 15,15,16,16­
tetrabromotricyclo[ l3.1.0.O]hexaclecane (XXXI)
respectively.

XVII

o

xV!

XYlll

~/Br,~
~8r

xxv

(~ ~aNH2
~CI ~.-CH

I II

~
x.xm B (C~H

r~ XXIV
Br

XXVI

Chart 1 -- SYnthesis of 1,2-cycJollolladicnc (XX!!) and
. 1,2-cycJodccadiel1c (XX IV)

?llolccn\ar models show little, if any, overlap of
one pair of f>-orhitals in 1,2-cycloheptadiene (X)
and only little overlap in 1,2-cyclooctadiene (XI) .
.Models of 1,2-cyclononadiene (XXII) and 1,2-cyclo­
deeadine (XXiV) can be constructed with little
difficulty.

Quite recently Moore and Ward" reported an
elgant con version of I, I-dibromocyclopropanes to
allenes using methyllithium or butyllithium. They
were able to synthesize 2,3-heptadiene, 1,2-undeca­
diene and 1,2-cyclodecadiene in 70-90 per cent yields.

Chart 2 - Synthesis of cyclic diall~l1es (XXIX) and (XXXII)

LoganlO Iound that I, J-clichlorocyclopropane
derivatives react with hutyllithium to give only
low yields of allenes accompanied by a multiplicity
of other products.

Reccntly, Craig and Moyle l1 have described a
ncw method of preparing allenes from the enol phos­
phates. Enol phosphate R'-CH=CROPO (OE1)2
is readily converted into an allene on treatment
with sodamide in liCJuid ammonia when the enol
phosphate contains a methylene group adjacent
to the central carbon-carbon double bond, and the
elimination requires the presence of a double bond
in the group R' in conjugation with the olefinic
linkage in the enol or, when R' is eCJual to H in the
group R.

Although the last two reported synthesis of aUenes
are the new methods of making allenes, the methods
are not promising in view of the better ones already
described.

Mechanism of Formation

Various possible mechanistic pathways (Chart 3)
have been proposed by Doering and LaFlammel
in the conversion of I,1-dibromocyclopropane deri­
vative (XXXIII) to an allene (I) by metals like
magnesium and sodium. Though a particular path
cannot be decided with certainty, two of the paths
shown in Chart 3 seem to be unattractive.

The first scheme depicts the opening of an inter­
mediate cyclopropyl radical (XXXIV) to the corres­
pOl)ding allyl radical (XXXV). Although this kind
of cleavage occurs at high temperature, it does not
occur in the low temperature photochemical chlori­
nation of cyclopropane to cyclopropyl chloride12•
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Moore and Rertelson26 have studied the addition
of 2,4-dinitrobenzenesulphinyl chloride (LXX) to
cyclic allenes, For example, cyclononadiene (XXII)
gives an adduct which is believed to be 3-(2,4-di­
nitrobenzenethio)-2-chloro-1-cyclononene (LXX I)
(Chart 7),

Chart 10 - Gl'lIeral roule fur the ~Yl1thl'sis uf sUhSUlJ.:.,,...,l
,";' ~'-alkylidt:J1l't:~',cl{)l)lltane

carbonitrile (LXXVII) ill 60 per cmt yiele[
(Chart 10).

Ball alld Lalldor31 have fOllnd that dibromocarbenl'
adeis to all"lles (LXXVIII) to give mcthylencc)'cl"­
propalle derivativt's (LXXIX) ill 4()-60 per Cl'llt
yield, additioll always lwill~ at the more substitutl'el
double bOlld, Thus the additioll of dibromocarhl'llc
to allelll's opells a new rollle to thl' syllthesis
of llH'thylellecyclopropalH' systems Il"hich are Ilot
readily accessible by othl'r mdhods, A later rl'port
of Hlom'lllist all,l Conlloly'" is 'inite inkrl'stini;'
The report describl's the sYllthesis of nwthylenl'­
cyclopropane (LXXX) by the photochl'mical rl'action
of propadiene (LXIII) with diazomethane, ~o

spiro pelltane or insertioll product was obtained in
this reaction,

LXXVI!

R' ('II\{

... ('-c
w/ 'J,

( I,r,

(I.XXIX!

: ('HI','

(I.XX\'III)

Quite a few studies on the Diels-Alder reaction
between allenes and activated double bonds have
been reported, Alder and Ackermann'7,'" ohtained
9,10-octahydro-naphthalene - 2,3,6,7 - tctracarhoxylic
acid dianhydride (LXXIII) from the reaction
between propadiene (LXIII) and maleic anhvdride
(LXXII) (Chart 8), -

Chart 7 - Addition 01 2,+-dinitrohenzenesulphinyl chloride
(LXX) to cyclononadienc (XXII)

CH r--CH .--Cli2
r--II MHB 1 II HOI I

(CH.,& C -(CH.)& c-SR2...l.....4(CH 2)& C=O
I • • II I •• I NaOH L....:....- I
L-----CH L-----CH2 CH 2

XXII LXXXI l XXXU

Hydroboratioll of allelH's has bl'f'n studieej33,"".
MOllohydroboratioll (}I H 11) of 1.2-cyclollonadil'llf:
(XXII) followf'd by oxidatioll of the intermediate
organobor,lIH' (LXXXI) giws mainly cyclononanolle
(LXXXII) (Chart II),

1,2-Cvclodl'cadiI'IH' and 1.2,fI-cvclollollatrielll'.
behave "similarly, This snggl'sts that'thl' attack" or­
diboranc on the alll'ne linkage occurs primaril{1'tt"
the cl'lltral carbon atom to form tris-I-cvclonolll'n \,1
boranl' (LXXXI). ~.

l'I I,

,-> CII,~ C 1

'x'II,

(I.XXX)

CI-I,=('=('II, f CII,N,
(I.XIII)

The Diels-Alder reaction between allene (LXIII)
and a conjugated (liene has been studied by
Pledger2', Hexachloropentadiene (LXXIV) reacts
with propadiene (LXIII) yielding only 1,2,3,4,7,7­
hexachloro-5-methylene[2,2.1Jhept-2-ene (LXXV)
(Chart 9).

CH2=C=CH2

LXIII

Chart R - Dicls-Alder reaction bdween an allene (l.Xll I)
and a compound (LXXIl) having acti,'ated double Ixmd

Chart 9 - Diels-Aldcr reaction hetween :In alkne (LXllil
and a conjugated dienc (LXXI\")

The cycloaddition of allenes30 to appropriately
substituted olefins affords a general route to -Cl\.
-cocm, -COOH, -CHO and -Ar substituted
3-alkylidenecyclobutanes, For example, propadiene
(LXIII) reacts \\·ith a large excess of acrylonitrile
(LXXVI) under proper conditions of temperature
and pressure to yield 3-methylenecyclobutane

Chart 11 - JIUl1ohytlrolJuratioll Ill' 1,2·l'ydol\(IJl'ldi{~IW (XXII)

It has beell shown that dihydroboration of I'ro­
padiclle (LXI I I) and snbseljul'nt oxidation yidds
predominantly l,3-propanl'diol (LXXXIII), Similar
results have been obtainl'll with I.2-hel'tadielll'
and phcnylallclH"
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DW'(arbonylation of propadienr' (LXIII) in water
in the prl'sence of ruthenium carbonyl catalyst under
suitable conditions of temperature and pressure
"a,; been reported to yield methacrylic acid
(LXXXIV)''''. "1

H~n

CH,=C=CH,-/-CO - --..,. CH,=C(CI-I,,)-COOII
(LXIII) (LXXXI\')

It h,b been shown that 2,3-heptadiene (LXXXV)
~n(l 6-melhyl-2,3-hept,uliene (LI I) undergo hydration
on shaking with 80 per cent sulphuric acid for
20 min. to yield ethyl n-butylketone (LXXXVI) and
ethyl isoamylketone (LXXXVll) respectively:!"'

:H,-(CH,),-CII=C=CH-CH,,- --..,.
(LXXX\') ()

Ii
CII" -(1-1, -Cfl, -CI-I, -C-CH, -CH,

(LXXX\'I)

ell,,-CHICH,) -CH,-CII =C=CH -CH" -- ------>
(LI I) ()

Ii
CI [,-CHICH,,) -(CH,),-C-CH,-CH,

(LXXXVII)

CH,=C=CII,

(LXIII)

11111111\
.-. - -.,.CH, -CH, -CH,

I") II, I" 1',,011 I I
I I

011 OH
(LXXXIII)

nonene (LXXXVIII) and 1,2-cyclodecadiene (XXIV)
gives predominantly cis-cyclodecene (LXXXIX).
The mechanism of the formation of these thermo­
dynamically stable isomers is discussed.

Isomerization

Although allencs to acetylcnes and dienes inter­
conversions have been known for many years, most
of these observations have not been of much value
in establishing relative thermodynamic stabilities39.
The enthalpies data40 of acyclic isomeric acetylenes
indicate that a terminal allene is of slightly lower
encrgy than an isomeric tcrminal acetylene, but
that an internal acctylene should be significantly
lower in energy than an isomeric internal allene.
All allencs and acetylenes possess much higher
energies than the conjugated dienes. If the acetylenic
ami allenic linkages arc incorporated into cyclic
systems, provided that the rings are sufficiently
large, it seems that the stability order should be
same as already described. However, when thc
ring size is reduced sufficiently to cause classical
strain, the ordcr maybe changed. The following
results indicate the relative stabilities of some of
these compounds. The naturally occurring allene,
mycomycin (11), is known to undergo isomerization
to isomycomycin (XCV) in the presence of a base41 .

CH C-C _C-CH=C=CH-CH=CH-CH=CH-CH,
(II) -COOH

OH-

,....... LXXXIX

CH CH~

II ~-.~
Ct1 CH
'Xcu'l xc IV

Reduction

Devaprabhakara allli Canlner37 have shown that
sodium-amlllonia reduction (Chart 12) of allenes
gi\'cs ole fins in goo,l yir'ld. J,2-Cyclononadiene
(XXII) and I.2-cyclodecadiene (XXIV) give cis­
C\'Clononene (LXXXVIll) and cis-cyclorlecene
(LXXXIX) respectively. Hence the reaction can
be utili7.ed in the st('r~'ospecific synthesis of these
interesting olefins. The reduction of 1,2-cyclotri­
decadiene (XC), on the other hand, gives 48 per cent
cis-cyclotridecene (XCI) and 52 per cent trllus-cyclo­
tridecene (XCI I). The synthetic utility of this
mtlhod is illustrated in the reduction of 1,2,6-cyclo­
nonatriene (XCIII) which gives only cis,cis-I,5­
c\'Clononadiene (XCIV). These results do not allow
confident prediction of the mechanistic course of
th r ,\,..(l·.ti{l!1.

I~~H~~ ,~g'~~
L-~H ~ L..--g" ~

XXI! lXXXVIlI XlIV

r---~" ICH ICH
IC"2)'O C~ICH11" II + IC",I" II
L.:.-g" L.:....::.-5" ~

xc XCI XCU

CH,-C .C-C C-C~ C-CH=CH-CH=CH-CH,
-COOR

(XCY)

Diethylallene (XCVI) has been shown to undergo
isomcrization42 to 3-ethyl-I,3-pentadiene (XCVII)
by heating it with potassium tert-butoxide in tert­
butyl alcohol.

C,H,,-

C=C=CH, --........CH,,-CH=C-CH=CH,
/ I

C,H, C,H,

(XCVI) (XCVII)

Moore and Ward43 have been able to cstablish
the allene-acetylene equilibria for C9-, C10- and ClI­

cyclic systems in tert-butyl alcohol employing potas­
sium tert-butoxide as a catalyst. The following
data (Tablc I) show that the ring-strain is more
pronounced in cyclic acetylenes than in cyclic allenes.

It has also been shown that prolonged heating
of 1,2-cyclodecadiene (XXIV) gives mainly cis,
cis-I,3-cyclodecadiene (XCVIII) and a 1,4-cyclo-

TABLE' - ALLE"E-AcETYLENE RATIOS AT EQUILIBRIUM AT
100-3°

Chart \2 - Reduction of allenes to olefins

~Ioore3s has studied the partial hydrogenation
of 1,2-cyclononadiene (XXII) and 1,2-cyclodeca­
diene (XXIV) under one atmosphere of hydrogen
in the methanol at ahout 25 0 over palladium.
1,2-Cyclononadiene (XX[J) gives exclusively cis-cyclo-

Starting material

1,2-Cyclononadiene
Cyclononyne
, ,2-Cyclodecadiene
Cyclodecync
, ,2-Cycloundecadienc
Cyclou ndecyne

Ratio

13-23
13-10

\'82
1'82
0·34
0'34

'39
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XCIX

Chart 13 - Isomerization of 1,2-cyclononadicnc (XXII)

Polymerization

A number of polymers have been prepared by
the thermal polymerization of allenes. Blomquist
anel Verdol" have been able to obtain allene dimer,
1,2-dimethylene cyclobutane (CIl) in 50 per cent
yield by passing propadiene (LXIII) over glass beads
heated to 500-10°.

mixtnre of I ,2-dimdhylenecyclobutane (CI I) and 1..1­
dimethylenccyclohutane (CV I) in the ratio 7·2: I.

Stereochem.i~try

The aton"lc orbital model of an allene (LX III) i,;
shown in Chart 15. In this formlliation, the c"lltral
carbon atom is taken to form two collinl'ar '1'--;
bonds to the terminal Sp2 hybridized carbon ,tton1'.
The two remaining electrons of the Ci:ntral CClrbu:J
atom occupy !,-orhitab directi'd at right an,"],'''' ,'-;­
each othl'r. The ",-bonds an' forll1i:d by o\·,.-r:ap
of the !,-orbitals of the Ci'n tral carhon atOl11 and
the !,-orhitals of the terminal carhons, In al],'ne
(CVIl) the !,-orhitals of the' dOllhll: bond Iii' in plane,;
peflwndicnlar to i'ach otlH:r anc! till: group,; II and 11

lie in a plane perpelldiclliar to that occllpi,'c! Ill'
groups x and .v; hence tI\(' moleclll., is asymm'.'t"ic
and silOuld Iw capable of ('xisting in non-sllpl'rimpw­
able mirror image forms. Ev.'n an al"'ne of till'
type (CV Ill) should be rl'solvabl.: into a pair ()f

enantiomers.

XCIVCIXXII

decadienc (XCIX) which probably has cis,tm1!s­
configuration26.

Devaprabhakara et at. 44 have found that
1,2-cyclononadiene (XXlI) undergoes facile isomeriza­
tion (Chart 13) via 1,3-cyclononadiene (C) and
1.4-cyclononadiene (CI) to cis.cis-I.s-cyclononadiene
(XCIV) by potassium tert-butoxide base in dimethyl­
sulphoxiele solvent at 70° for 144 hr. It thus would
appear that cis,cis-I,s-cyclononadiene (XCIV) is,
by a substantial margin, the most stable of the iso­
meric cyclononadicnes.

Chart 15 -- Stereochemical conliguraiioll of allenes

Benson and Lindsey'6 have shown that cyclopoly­
merization (Chart 14) of propadicne (LXI 1I) at
110° under 112 atm, with a phosphorus modified
catalyst gives two trimers. identified as 1,2,4-tri­
mdhylenecyclohexane (CIII) and 1,3,s-trimethy­
lenecyclohexane (ClV) and a remarkable stable
tetramer ielentified as 1,3,s,7-tetramcthylenecylo­
octane (CV).

(CX)

Ct;II',.,- /C",lr_

C=C=C'-

/ "'X-C II1 II , Cl\JJf j -'1.

n­
._>

Verification of tlw predickd stert'oclwmistn' of
alleues came tnll' when ~Iaitland and ~lills'" l'ffl'cr,'d
asymmetric dehydration of alcohol (Cl:--:) with
(--j- )-campborsulphonic acid and obtained an opticalI\'
active form of hydrocarbon (eX). while dehydration
with (-)-camphorsulphonic acid gave thl' otlll'r
,:nantionwr. La!l'r Kohler ct lit'" synthesizer!. an
allenic acid (CXI) and resolved it by fractional
crystallization of the brucine salt.

LXJl[

CH
2
;( =(H

Z

I XIII

Chart 14 - Cyclopolymerization of propadiene (LXIII)

Recently, Slobodin and Khitrov47 have obtained
mainly solid polymer plus 3 per cent dimer by heating
propadiene (LXIII) uneler nitrogen for 80 hr at
110-15°. The dimer has been proven to be a

Coil", /CO-CII,-COOH
C=C=C .

~-C'Oj-[/ "ColI,
(CXl)

Landor and Smith'· have been able to synthc,;ize
an optically active alll'nic chloride (-1- )-3-fcrl-but\'I­
l-chloro-3-melhylalll'ne (CXII) by a stcreosp"cific
method. The absolute confignration of the allene
(CXII) has also been established by ElieP'.

CI, / C(CIL,),

C=C=C
j-[/ "CH.

(CXIJ) ,

2411
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Summary
TIll' advanc!',; mad.. In the c1u:mi,;(ry of allenes

during the la,;t 10 y!'ar,; (1')54-64) have been criti­
«,III' n'I'ieIlTd with ,;pecial rderl'ncl' to the variou,;
al'a'il!lbk method,; of ,;yntlll',;i,;. nll'chani,;m of
fo"ilation. ,;pectral data and reaction,; of allene,;
including addition, reduction, i,;onll'rization aml
polymerization. Stereochemical configuration and
th,' i;olation of a fell' optically aetiVl' allene,; arc
di;cu,;,;e,l. Scope for ftHth,'r n';earch in allene
ch\'mi,;try ,;p!'cially in tht· mechaui,;m of formation
i, indicated.
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T HE valuable and exhaustive reviews in the
continually expanding series of Advances in
protein chemistry' and Annual reviews of

biochemistry2 deal with detailed up-to-date informa­
tion on the subject of protein structure. Enormous
strides in the understanding of the primary structure
of many naturally occurring peptides and proteins
have been made since 1950, and all this can ultimately
be traced to the fundamental achievcments in
improved analytical techniques, separation methods,
and methods for the degradation of polypeptides,
The following review is only intendeo to highlight
some of the achievements in the elucidation of the
primary structure of naturally occurring peptides and
proteins within the past decade. The covera,ge is
intended to be neither comprehensive nor detailed.
In many cases to avoid an excessively lengthy
bibliography resort has been made to citing reviews
rather than the original papers.

The origins of the developments, during the past
decade, in the elucidation of the primary structure of
proteins can clearly be traced back to Sanger's
classical studies on the hormone insulin (mol. wt
6000) leading to the postulation of a unique structure
for bovine insulin, and to the pinpointing of \'ariations
in the primary structure for insulins derived from
diverse species". Techniques used today to obtain
fragments from peptide chains and for determining
amino acid sequence differ from tlw techniques
used by Sanger, but the skill, tenacity and courage
which aided him in both undertaking and soh'ing tbe
structure of insulin bave prompted others to take up
the problem of structure of proteins of even much
higher molecular weight.

Thus, today the primary structure of several
proteins are known. These include ribonuclease,
tobacco mosaic virus protein, haemoglobin, myoglo­
bin, cytochrome c, lysozyme, chymotrypsin, trypsin,
papain, azurin, and others. Equally rewarding have
been the numerous studies conducted on relatively
smaller molecular weight peptides. Outstanding
,among these was the elucidation of the structures
of the hormones oxytocin and vasopressin, and their
subsequent synthesis by du Vigneaud4 ". To this
class belong various peptide antibiotics, including
gramicidin S whose structure was the first among these
to be worked out", the angiotensins (hypcrtensins)10,
(J.- and ~-melanophorestimulating hormones (MSH)ll,
adrenocorticotrophichormone '2, glucagon ':) and others.

All those features of the molecular organization
of proteins, including amino acid sequence and
cross-linking of chains, which can be discussed
within the traditional framework of organic chemistry,
come under the descriptive term primary structure.
While advances in techniques for the study of the
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primary structure of proteins ha\'e enabled tIle
protein chemist to decipher the structures of many
peptides ,md proteins, the potentiality of a notable
alternative techniql[(', namely X-ray diffraction,
has been examined with two protein,;, h,\emoglob;,.­
and myoglobin I4 -l/i . For both proteins it has heen
possible to reconstruct the three-dimensional model
of the polypeptide ch'lins and the configuration of the
heme groups. The 2 A. Fourier of myoglobin sho\l'ed
resolution of a great majority of the side chain,;,
and a unique electron density distribution \I',r;

frequently found which would allow only one kind of
side chain to 1)(" fitted at mo,;t positions along the
polypeptide chains. A 1·5 A, Fourier of myoglobin
will provide e\Tn betkr ddail of the sequence,
It is indeed a tribute to X-ray cry,;tallograph,'r,:
to note that tod<1Y an actual mapping of amino "cid
sequences of proteins has become pos,;ible by a
physical technique. Indeed, it is possible that
in the future for, good proof fur the structure of a
protein the requirement that evidence from both
physical and c!wmical tec!miqul's agrcl; will he there.
The main rl'quirl'nwnt for SUCCI'';'; with the technique
is that isomorphous he<1vy atom dl'ri\'atiw's of the
proteins 1)(' a\'ailable for study, wh,'n' the locations
of the h('<1\'y atoms are known. Uniform succes,;
dOl'S not attend ,ill efforts to form such deri\'ati\'"s of
proteins, and, as Pl'I'utz17 once remark,'d ... it appears
that some fundaml'nbl org,mic chemistry is n\"\'ded to
get heavy atom compounds". A thorough inw',;tiga­
tion of mdal-protein interactions and of methods
for preparation of well-ch<1r<1cteriz('(1 metal-protein
compounds is much needed. \\'hat surpri,;es there
may be in store is evident from one recent finding
that tryptophan residues, most unlikely candidate,;
as judged from ('arlier literature, are sites (pyrrole
ring) for mercury binding in proteins". AITuther
illustration of the impact of X-ray diffraction methods
in the protein structure lield is avai1<Lble in the
advances mack in the structure of collagcn. The
ide<1 of a triple helix h<1d been postulated in 1951 by
Pauling and Corey"', but to account for mar.y of the
experinwnbl findings }{amachandran and Kartha"O
introduced ncw ideas involving a structure in which
the configuration of the chains was related to that
for polyproline with <1 repeat of 9,5 A. containing
three residues related by a threefold screw axis.
A revised model of this structure containing the
chains forming gentle-coiled coils with a repeat
period of 28·6 A. and which can accommodate the
known -Gly-Pro-HyPro- sequence has been proposed
and accounts for most of the experimental data2J -":l.
The collagen triple helix structure (collagen II model
of diam. 13·6 A.) has an overall length of 3000 A. and
a mol. wt of 345,000"4.



I{.\:II.\(II.\\ I 1I"':--: &. S.\\IP.\TH l\lJ~I.\I{ : ASPECTS (lI' PR1M.\HY STRUC1TRE OF PHOTElNS

While consickrabk success has attended the
X-r:lY studies of myoglo'lin and haemoglobin, in cases
such as chymotrypsinogen"" at 10 A. resolution
not e\TI'j a unique path for the polypeptide backbone
chain could be traced, nor anything like an ",-helix of

. mM'."'han one turn. While the backbone chain
~~ulcl be'seen, the disulphide bridges could not be seen.
Substantial progress has heen made also in studies on
carbonic anhydrase'" and on carboxypeptidase2?

Knowledge of the purdy chemical aspects of the
structure of proteins is 'hy no means adequate to
e,,-plain many of their properties. 'I'll(' dett'rmination
of the spatial organization of proteins is a separate
and important part of the analysis of their structure.
Here it is that X-ray diffraction conws in handy,
,':Jpplementing other tools such as the hydrodynamic
methods, infrared and ultral'iold absorption, optical
rotation and optical rotatory dispersion, deuterium
exchange studies, ,'tc.

The knowkdge of the primary structure of a protein
is hdpful in several reg;lrcls, Firstly, it prOl'icks a
description of the mokcul,' in tc'rms of the framework
of classical organic c""mistry. Sc'condly, in the
elucidation of the actil'" sit,'s of hormones and
enzymes, progression from the c'numeration of
e:;sential fuuctional groups to their allocation
within the unique linear array of amino acid residues
in the polypeptide chain llL'conws possibk by studies
of sequeuce on the fragnwnts from derivatilTs of the
acti\T prott'in in which a substrak or an analogue
has b""n (;Igged on to the acti\'" groups in the
catalytic sit". This prol'ides a more cktaikd de­
scription of the active sit" region -- a description
which will !)('conw complde only when the three·
dimensional stmctun' of the ch;lin is known and the
importaut groups at the acti\'l' site can 1)(' allocated a
uniCJIIl' disposition in the threc-dinll'nsional model.
The primary strueLur" of ;\ prokin can I)('rhaps also
explain why it is more or kss Ill'lical":·2". When a
sequence of i~- or random-forming amino acids is
contiguous to an ",-helical "'ction of a protein chain,
this may be the site whne a loop or reversal of
dir'~ction can occur, and the presence of large amounts
of :~- or random-forming amino acids may ,'xplain the
relatively low helix coutent postulated for certain
globular proteins, viz. T,\lV protein.

How important a roll' th,' primary structure has
on th" final steps in th,' biogenesis of a folded native
enzyme is illustrated by tlie studies where reduced
ribonuclease A (4 disulphide bonds) regains through
reoxidation by air both the proper -S-S- bridges
as well as the physical and enzymatic prOpl'l'til'S of
nati\'e ,~ibonuclease:lll. These experiments on the
rapid cO!l\'ersion of an l'xtc'ndl'd polYPl'!ltide chain
to a specilic, actiV<' thn'e-dimcnsional structure
can only mean that th,' multitude of interactions
between functional groups along the chain, including
the interactions that oril'ut the half-cystine residues,
almost instantaneously determine a prescribed con­
formation in solution, containing a three-dimensional
geometry characteristic of that mo,;t probable of
con'figurations - the native enzyme.

Finally, numerous studies have pinpointed the
possibility of discovering principles governing the
relations between variations of the primary structure
of any selected protein and the evolution of species.

The variations are a function of the degree of
phylogenetic kinship between the species carrying the
proteins. By comparison with suitable palaeonto­
logical standards, the times elapsed since the
divergence of any two lines of evolution may be
calculated, and the number of variant amino acids,
that may be expected, predicted3'. This approach is
being exploited with the haemoglobins, cytochrome c
and fibrinopeptides. Indeed, in future years one may
look forward to a good understanding of relations
between morphological evolution of species and
evolution of primary structures of many proteins.

Methodology

The fascinating de\'elopments during the last two
decades in the field of primary structure of the pro·
teins can most be appreciated by one who is aware
of the status of the field in the forties 32 , All the
improvements can be traced principally to lle\I'Cr

techniques of isolation and analysis, Highly effective
procedures for separation and isolation were developed
based on the various forms of chromatography,
sedimentation, gel filtration, dialysis, ultrafiltration,
countercurrent distribution, various forms of electro­
phoresis, and fingerprinting; and all these have now
become common tools33. The older, tedious, and
occasionally unreliable, gravimetric procedures for
analysis of amino acids have been replaced by the
elegant manual and automatic procedures for the
determination of amino acids, by the ninhydrin colour
reaction, after separation on jon-exchange columns3'.
This shift lVas the result of the painstaking and
meticulous investigations of :'Iloore and Stein in the
field of amino acid analysis.

The specificities of a wide array of proteolytic
enzymes have been established:!" and the recent
advent of water-insoluble enzymes (proteolytic en­
zymes covalently linked to amino acid polymers) hold
considerable promise for tbe future36. To supplement
these tools there are available today several selective
and preferential non-enzymatic techniques for the
degradation of proteins3?,3.. Of all the chemical
methods developed so far, which have been discussed
at length in recent reviews3?,3., the selective cleavage
of peptide bonds adjacent to methionine residues in
proteins by the use of cyanogen bromide has been
very effective in structural studies as exemplified by
investigations on a number of proteins, e,g. ribo­
nuclease, myoglobin, trypsinogen and carboxy­
peptidase A. Specific chemical cleavages find
greater use now, and newer techniques continue to be
developed, viz, the recent investigations on the
cleavage of bonds adjacent to proline3U"o. Even
techniques such as the preferential release of
aspartic acid from peptide chains by dilute acid
may be put to good use in structural studies'I-'3.

Older methods of peptide analysis have been
refined, newer analytical tools have been developed
and chemical reagents causing restricted cleavage at
specific loci in the protein moiety are widely used.
While Sanger's classical method" of determining
NH,-terminal residues in peptides and proteins by
l-fluoro-2,4-dinitrobenzene continues to be used
in structural analyses, alternative procedures are
available. Thus, the use of 2,4,6-trinitrobenzene­
suIphonic acid for acylating and determining primary
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but also by directing the specificity of tryptic h~'dro­

lysis only to bonds adjacent :0 arginine"-·2. This is
achieved by selective acylation of the .-amino groups
of lysine. thereby making the adjacent bunds
refractory to the action of trypsin with the result
tryptic digestion of the acylated protein ~·;f.'!ds

fewer peptides and all with COOH-terminal arginin"e.
The procedures ill\'olving the reaction of Iy:;ine
side chains with carbon disulphideG' or amidination
with methylacetimidate·2 would prove of considerabk
value in that these reactio,ls af(' easily reversible.
so that hydrulysis at lysine bonds could be carried uut
later. These methods wuuld be most usefully
complemented by a methud invuh'ing modifications of
arginine residues which would permit the action of
trypsin only on bonds adjacent to lysine. Hano and_
Gotlieb·3 have suggested that treatment of proteins
with benzil in a strongly alkaline medium result,;
in the quantitative modification of arginine residues
leaving other amino acids intact, thereby restricting
the action of trypsin tu bonds adjacent to Iy"ine.
The method is still to be tested.

New points of cleavage in the protein ha\'l' bl'l'n
introduced hy modification of the cvsteinyl side chains
with 2-brollloethylamine to forlll s-thllllinol'thd)­
cysteine and a subsequent clea\"age of the corn',­
ponding bonds by trypsin 64 • Thi" nlL'thod has bl'l'n
successfully used in ddermining pL'\,tide s('qUt'net'" in
trypsinogen·5• The disulphidl' bonds of trypsinog"n
\\'ere reducl'd by nll'rcaptodhanol prior to treatment
with 2-brolllodhylamine. The din'ct use of dln'lt'n­
imine which is tIll' active intl'rlllediate in" the
acylation f('action with 2-bronlOeth'lamine has been
suggested for the quantitati\'l' cOIl\',:rsion of cy"teinyl
side chains··.

The disulphide bridges of proteins can be deter­
mined by the simple and elegant technique of HrOl\"ll
and Hartley·'. An enzymic digest of the protl'in is
subjected to high voltage eil'etrophon'sis on Whatlllan
3 mill. paper and is then l'XpOSl'cl to performic acid
\'apour which converts each cystine-bridged p('ptidl'
to a pair of cysteic acid peptides. The strip is dril'd
in l'acuo O\'l'r sodium hydroxidl', allli ionophof(·"i". i,
now done again at right angles to th,' original direction
of migration. All the peptide" will lie on a 45 ,.
diagonal, but each cystine peptidl' gins a pair of
cysteic acid peptides lying off the diagunal. The
authors were able to determine the disulphide bridge"
of chymotrypsin in this manner.

Thin layer chromatography of peptides is of reC('nt
origin··. The high resolving power of thin layer
chromatography should induce de\'l·lopments in
defining systems for resolution of pl'ptidl' n'ixtun·".
Some attcmpts have already been made in this
regard, and future reports would perhaps d,'al
with the routine applicability of thl' sy,;tem in
sequence determination studil's.

Gas chromatography of amino acid" is still at an
infant stal(e. The problems in the refinement of this
techniqul'···'o are many and a n'cent report" ha"
claimed that it is possible to effect the quantitati\'l'
scparation of 16 amino acids in 10 min. pro\'ided
they are com'l'l"tl'd to n-hutyl-(N-trifluoroacetd)
esters. The latter process takes 5 hr but many
samples of amino acids can he esterified at the
same time. 11 holds considerabk promise for the.

R'
I+ +H,N-CH-CO-NH .

R
O'2M NaOH I

--------->0 H,N·CH-COOH + )iH, +CO,
or 0-6M Hel

Another method that shows considerable promise
for the determination of NH2-terminal groups has
been suggested by Gray and Hartley50. The method
utili zes I-dimethylaminonapthalene-S-sulphonyl
chloride which reacts with free amino and phenolic
groups. The derivatives formed are resistant to acid
hydrolysis and have an intense yellow fluorescence
making the method applicable even to 1O-4.J0-3

[lmoles of peptide. These authors have developed a
system to resolve all the substituted amino acids.

Eriksson and Sjoquist·' have modified the
sequential phenyl isothiocyanate method of Edman·2

for the determination of NH2-terminal sequence of
peptides and proteins. Isle and Edman53 have
recentIy defined the set of conditions which yield a
quantitative formation of phenylthiohydantoins.
These conditions together with separation methods
for the phenyIthiohydantoins of amino acids·4 should
aid considerably in establishing the sequence of the
NH 2-terminal residues. A subtractive procedure of
sequence determination of small peptides has been
adopted by Hirs et al.··, and Konigsberg and Hill··.
In this method, the NH2-terminal residue is identified
by the difference in amino acid composition of the
peptide before and after application of the degradation
procedure. This method is being widely used in
several laboratories.

There is a paucity of effective chemical methods
for the determination of COOH-terminal residues.
Digestion with carboxy-peptidase A or B continues
to be a popular method of identifying the amino acids
at the COOH-terminus. The hydrazinolysis approach
of Akabori et al."' is also in use.

The limited degradation of proteins to a few large
peptides is carried out not only by chemical means

amino groups has been advocated4.-", and the
absence of undesirable side reactions with this reagent
under the conditions of coupling should prompt
its wide use. The advantages of 2-chloro-3,S-dinitro­
pyridine as a reagent for NH2-terminal group deter­
mination is detailed in a recent paper4". 3,S-Dinitro­
pyridyl amino acids are liberated almost quanti­
tatively on brief hydrolysis (less than 3 hr) of the
3,S-dinitropyridyl peptides in 6N HCI at 100°C.
Stark and Smyth49 have suggested the use of cyanate
for coupling with the NH2-tenninal groups. Treat­
ment of the carbamyl protein with acid results in the
formation of hydantoins that correspond to the
NH2-terminal residue. After isolation, most of the
hydantoins can be hydrolysed to the free amino acids.
The reaction sequence is as follows:

R R'
i I pH _'(1

+H,N'-CH-CO-NH·CH-CO-:>:H +-xco----~
R R'
I I H'

H,~-CO-NH-CH-CO-XH-CH-CO-NH ---~

R

dH-CO
I I

NH NH

" /CO
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weight of 11,000 and consists of 109 residues, Its
NH2-terminal residue is alanine, followed by a cystine
involved in intra-chain cross-link. The sequence
at the COOH-terminus of the molecule was Val-Thr-.
The complete structure of the molecule of 1'1 ribo­
nuclease is now available80.

Bovine pancreatic ribonuclease B, a glycoprotein
containing two residues of (acetyl) glucosamine and
five of mannose, has otherwise the same amino acid
composition as ribonuclease A. Digestion with
trypsin yielded a single glycopeptide which on further
chymotryptic breakdown also gave rise to a single
glycopeptide containing the Asp and Leu residues
of the Try-II peptide found in tryptic hydrolysates
of ribonuclease A. The carbohydrate residues are
attached to the ~-carboxyl of the Asp residue81.

Proteolytic Enzymes of the Pancreas

Since the proteolytic enzymes were the first
proteins to be purified and characterized by the
methods of protein chemistry, these served as models
in studies on the elucidation of the relationship of
structure to function. Many of these enzymes occur
as inactive precursors, and studies on the mechanism
of activation of these precursors have thrown light
on the subtle intramolecular changes which produce
the active enzyme. All the current work on their
sequence, X-ray diffraction measurements, and
behaviour of model compounds is providing \'ital
information on the mechanism of action of these
enzymes.
Trypsinogen

The activation of trypsinogen to the active enzyme
is catalysed by trypsin which directs and limits
its action to the mOst susceptible bond between lysine
and isoleucine near the NH 2-terminus of the
zymogenS2• While the same bond is split in both
bovine and procine trypsinogens during activation,
the composition of the peptide liberated is different
in each case83. Thus, a hexapeptide, Val-(Asp)4-Lys,
is liberated from the bovine zymogen, while
Phe-Pro-Thr-(Asp)4-Lys is the product of porcine
zymogen activation. It is significant that the same
characteristic structure (AspkLys precedes the
strategic bond and Ile-Val- becomes the new
NH2-terminal sequence in both the enzymes.

Conventional approaches to the determination of
the amino acid sequence in proteins were not adequate
for the long and heavily cross-linked polypeptide
chain of bovine trypsinogen. Enzymatic degradation
of di-isopropylphosphoryltrypsin or S-sulphotrypsino­
gen by trypsinS1-S7, chymotrypsin85 or pepsin88 have
given rise to many peptides whose sequences have
been determined. However, it has not been possible
to recover all the amino acids of the parent protein in
soluble peptides from any single digest. Recourse
was had to two additional methods which were
evolved for determining overlaps and for positioning
of peptides derived by enzymatic hydrolysis65.
One of these is the redirection of the action of trypsin
from peptide bonds adjacent to lysine residues to
those adjacent to half-cystine residues, by masking
the .-amino groups of lysine by the method of
Goldberger and Anfinsen60 and converting the
cystine residues to lysine analogues after reductive
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cleavage, with 2-bromoethylamine64 . The 0l'!1l'r
method involved the use of cyanogen bromide
to cleave at methionine iesidut's which causes
fragmentation of the polypeptide chain into three
fragments of comparable length after reduction of the ,:
disulphide bonds". A tentative structure of .b.!2\'ine
trypsinog-en has been recently assigned by \\'al~
Neurath90 and is given in Chart 2. The positioll of
all the disulphide bridges have to be worked out,
but it has been reported65,91 that two of the histidines
in the molecule are presen' in one of the cystinyl
peptides isolated from a peptic digest and ha\'ing the
following sequence: •

25 35
Asn-Ser·G Iy-Tyr-His-Phe-Cys-G Iy-G Iy-Ser-Leu

I
S

~
41 I 53
Val- Val-Ser-Ala- Ala- H is-Cys-Tyr-J.ys-Ser-Gly·1Ie-Gln

Th(' significance of this finding will be discussed
later under chymotrypsin.
Chymotrypsinogen

The activation of chymotrypsinogen il1\'oh'es the
tryptic cleavage of an Arg-Ile bond which may be
followed by subsequent chymotryptic clea\'ages
which liberate the dipeptides Ser-Arg and Thr-Asn
to form the well-characterized a:-chymotrypsin82•83.
The initial clea\'age occurring near the 1\H2-tl'rminus
is not followed by liberation of any peptide because
of the NH2-terminal cystine residue holding the
molecule together. Chymotrypsin has three peptide
chains: A chain (13 residues), B chain (131 residues)
and C chain (98 residues). TIll' sequence of bOl'ine
chymotrypsinogen'2 has been worked out by Hartley
and is given in Chart 2 along with trypsinogen foc
comparison. The method invoked the initial COIl­
version of eystines in O',-chymotrypsin to cysteic acid,
S-sulphocysteine or S-carboxymethylcysteine deri­
vatives, followed by separation of the three modified
chains on columns of DOlVex-SO or DEAE-cdlulose.
The sequences in these chains wen' determined by
cOl1\'entional methods employing different types-of
cleavage. The dansylation technique50 for deter­
mination of -H2-terminal residues has been employed
in the analysis of se\ual peptides. The disulphide
bridges which arc determined by the diagonal
technique67 are between residues I and 122,42 aM 58,
136 and 201, 168 and 182, and II)I and 221. This
sequence differs froIll that proposed by Keil el al. 93 ,

but the latter work is not yet complete. The 1I'0rk is
to be completed to permit comparison of the areas of
disagreemcnt.

Chymotrypsin and trypsin resemble each other in
functional and compositional characteristics. These.
include their formation in the acinar cells of the
pancreas at similar rates94 .95 as the inacti\'e pre­
cursors. Both arc formed frOIll their zymogens by
trypsin which cleaves a susceptible bond near their
respecti\'e NH2-termini. They behave in a similar'
fashion in their capacity to clea\'e peptide, al11ide
and ester linkages, and the specificity is dictated
by the amino acids donating the COOH groupS·6-98.
These carboxyl groups appear to be acylated as an
intermediate s~ep during catalysis99-101.
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Certain organophosphates like DFP (di-isopropyl­
fluorophosphoridatl') inhibit these enzymes in a
:;pecinc fashion, and the site of action of thi:; inhibitor
JJa" heeli established as a serine hydroxyl group
in a uniqm' t('trapl'ptide sequenc,', Gly-Asp-Ser-
~.•4.,'A·:.• lOa TIll' same. sequence is I>resent in

elastase, anotlwr pancreatic enzyme, which Isalso 111Ill­
hiteu by DFP in a similar fashion lO4 , An imidazole
has been implicated in the catalysis of both the en­
znl1es on the basis of pH data, photooxidation, and by
affinity-labelling stndies··,)'HoB, Both the zymogens
after acti"ation yil'!d a Ilew identical N!-[.-ll'rminal
trip,-ptidl' sequl'nc,', Ill'-Val-Gly", (Chart 2),

Chymotrypsin contains its two histidine residues
in a cystinyl pcptide having the following struc­
turc",93 :

His-Phe-Cys-Gly-Gly-Scr-Lcu
I
S

~
I

Ala-His-Cys

The determination of an identical sequence in the
sanl(' disulphicle bridged structure in trypsinogen6f>

pro\"l's another area of similarity and raises the

Chymotrypglnogen
Trypsinogen

1 2 } 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
cys-gly-val-pro-ala-lle-gln-pro-val-leu-ser-gly-leu-ser-arg-ILE-VAL-GLY.

val-asp-asp-asp-asp-lys-ILE-VAL-GLY.
123 4- 5 6 789

19 20 21 22 21 24 25 26 27 28 29 30 31 32 33 3~ 35 36 37 }8 39 40 41
asp-glu-glu-ala-val-pro-gly-ser-crp-PRO-trp-GLN-VAL-SER-~EU-gln-asp-lys-thr-GLY-phe-HIS-PHE.

gly- tyr- thr-cy s- gly- a la- asn- th r-va 1- PRO- ty r-GLN- VAL-SER- LEU-asn- - ser-GLY- tyr-HIS-PHE.
10 11 12 13 14 15 16 17 18 19 20 21 22 2;5 2~ 25 26 27 2.8 29 30

42 43 44 '15 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64
CYS-GLY-GIS-SER- LEU-I. Lf.-ASN- gl U-'5n-TRP- VAL-VAL- thr-ALA-ALA-HIS-CYS-g ly-va I-the- the- ser-asp­
CYS-GLY-GLY-SER-LEU-ILE-ASN-see-gln-TRP-VAL-VAL-see-AL~-ALA-HIS-CYS-tyr-lys-gee-gly-ile-gln­

;1 }2 3} 34 35 36 37 ;8 39 40 41 ~2 43 44 45 46 47 48 49 50 51 52 53

65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 8; 84 85 86 87
VAL-val-val-ala-&ly-glu-phe-asp-gln-gly-ser-see-s~r-glu-lys-ile-gln-lys-leu-lys-ile-ala-lys.

VAL-arg-leu-gly-glu-asp-asD-ile-asn-val-val-glu-gly-asp-glu-gln-phe-tle-see-ala-see-lys-see­
54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76

88 89 90 91 92 93 94 95 96 97 98 99 100 lUI 102 J03 104 105 106 107 108 109 110
val-phe-lys-.sn-SER-lys-TrRC~SN-s.r-leu-thr-ile-ASN-ASN-asn-ILE-thr-LEU-Ieu-LYS-LEU-ser-the­

1le-va1- hi s- pro-S ER- - TYR-ASN( pr'J, leu J th r ,asn )ASN-ASN- asp-ILE-met- LEU- t le- LYS-LEU-lys- sec-
rr 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98

111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133
ALA-ALA-SER-phe- gee- gIn- the- VAL- see-ala-val-cys- LEU· PRO- gce-a I.... ser- asp-asp-phe-a.la-ALA:GLY-
ALA-ALA- S£R- leu-a sn - see- a rg- VAL-a 1a- scr- i le- so r- LEU- PRO- tit r- ser- c ','.i- _ a I. - ser-ALA-GLY-
99 100 101 102 103 104 105 106 107 108 l09 110 III 112 II; 114 115 116 117118 119

134 135 1;6 lYI 138 139 140 141 142 14; 144 145 146 14'1 148.149 150 151 152 153 154 155 156
THR-the-CYS-val-the-thr-GLY-TRP-GLY-lou_TUR_aeg_tye_thr-asn-ala-asn-the-PRO-ASP-arg-LEU-gln­
THR-gln-CYS-leu-ile-ser-GLY-TRP-GLY-asn-TUR_lys_gee_see-g1y-thr-see-tye-PRO-ASP-val-LEU-lys­
120 121 122 123 124 125 12t; 127 128 129 130 131 132 133 1311 135 136 137 1;8 139 140 141 142

157 158 159 160 161 162 11)3 lG4 165 166 167 168 169 170 In 172 173 171, 175 176 177 178 179
gln-ala-see-leu-PRO.lel1-LEU-SER-asn-thr_asn_CYS_LYS_lys-tyr-trp-gly-thr-Iys-ILE-lys-asp-ala­
cy s-1 ru-I ys-a Ia- PRO- i Ie- LEU-SER-a sp- see- see-CYS- LYS- see- a Ia- t yr-pro-g ly-g In- ILE- the- ser-agn­
143 liUl 145 11.6 14'1 148 1119 150 151 152 153 154 155 156 1)7 158 159 160 161 162 163 164 165

180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200
MET-ilo-CYS-ALA-GLY-ala-see-gly-val_see_ -SER-CYS-met-GLY-ASP.SER-GLY-GLY-PRO-leu_VAL_
ME~-phe-CYS-Au\-GLY-tye-l.u-glu-gly-gly-lys_asn_SER_CYS-gln-GLY-ASP-SER-GLY-GLY-PRO-val-VAL_

166 167 168 169 170 1'{l 172 17) 1711 175 176 177 178 179 180 181 182 183 184 185 186 187 188

201 202 203 204 205 206 207 208 209 210 211 212 21; 214 215 216 217 218 219.220 221 222 22;
CYS-Iys-I ys-a sn-g ly- a1a- t rp- tit e- lou-va I-GLY- ILE- VAL- sor- SER- TRP- GLY-SER- ~er- the-cys- see- thr-
CYS-scr-gly-lys-leu-gln- -GLY-ILE-VAL- -SER-TRP-GLY-SER-gly-cys-ala-gln-lys-
189 ;90 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206

221. 22') 226 227 228 229 230 23! 232 253 2)11 235 2;6 237 238 239 240 241 242 24; 244 245 246
• see-the-PRO-GLY-VAL-TYR-ala-aeg-VAL-the-ala_leu_VAL_asn-TRP-val-gln-GLN-THR-leu-ALA-ala_ASN

a5~-lys-PRO-GLY-VAL-TYR-thr-lys-VAL-cys-asn.tye_VAL_sce-TRP-ile-lys-GLN-THR-ile-ALA-see-ASN

207 208 209 210 211 212 213 2111 215 216 217 218 219 220 221 222 22; 224 225 226 227 228 229

Chart 2 - Amino acid seCjurllc('s (or bodl1C' chymotrypsinogen and trypsinogen [The comparison is designed to
draw attention to till' homvlogotls arC';\s which arc shown with capitalized abbreviations]
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Subunit I

Chart 3 - Summary of the sequences known in bovine
rancrcatic carboxypeptidase A

---~--------~------~ --~- ------+
.\~

.__._- --_.-~. ---+

CNllr
.j,

.. , -Met-Glu-His-Thr-Leu-Asn-AsD
Val

......... (Cys-Va}-Gly-Val-Asp)Thr-Tyr)

.\~

-- - -------- ----. --------;..

I 1-->------>
Lys .. Ala-Arg-Ser-Thr-Asn-'( hr-Phc- \sn-Tyr-,\Ia-'] hr-T) r

(,,,Br
.j,

His-Thr-Lcu-Asp-C lu-I k-Tyr-,\sp-Phl'-~Iet- ..

(G Iy-Lys-A la-G Iy- Ala-Scr-S, T-Ser-I 'm-e' ys-Sl'f-G Iu-

peptidase AI'z and it contains N H,-terminal ;iC­
nine l20 • The ch,'mical relationship of thl'sl' IIvo
em.ynll's deriv('d from the s;:ml' source was clarified
by Sampathkumar ct al.":1 hy subjecting ch\·mo-.
tryptic digl'sts of tilt' two protl'ins, after pl'rforlllic:
acid oxidation, to the tcchniq'll' of fingerp;.<i;,\ing".
An addition:d pentapeptide, Ala-Arg-Ser-Thr-.-\.;t,""
was found in the digesb of carhoxypeptidase .-\"
and it was infern'd that this Sl"lul'nc<' precedes the
KHz-terminal sequence Asn-Tyr-Ala ... of carhox\'­
peptidase /\yand hence ·'·tlt,'rnati\·" pathwavs o[
acti"ation of the zymogen yil'id diff'Tl'l1t clwllli\al
species of the l'nzyme.

By the act ion of cyanogen bromide on Glrhox\'­
peptidase Ay a pl'ntadeGqwptid,' was isolakd ,vhich
appeared to Iw deri\·,'d from the ]I; Hz-ll'rminus of thl'
moll'cule I2 '. A paralkl study on carboxypeptidaSl' .-\~

was expeckcl to liberate an eicoS<ljwptid,' conLlining
the additional penLqwptiek se'lu,'nCe at its i\H 2­

terminus. This fr;lgnwnt not only conL,ined till'
expeckd penta]wptid(' Sl''lul'nC(', hut in additil)ll
a thn'(lIline and phenylalaninl' rc'sidue in a Thr-Phl'
Sl'qUl'nce, which has 110t h"l'n ilkntifil'd in the
fingerprints. TIll' Sl'<[ul'nCe of the i\ H2-krminal
fragment from cyanogen bromidl' C!to;II·;lg,· is gin'n in
Chart 3, and a nwchanislll (kpicting till' origin of thl'
various chemical slwcies of carhoxvpl'ptielase ,\
from its precursor suhunit I, has b""11 postlliated.
Only precise chemical tL'chni<[lll's ILI"e !wen ;Ible
to cktl'ct suhtk hut significant differences hl'twc'l'n
sl'emingly ickntiGti prokins derin'd from till' sall1e
source hut by difflTl'nt procedures. The l'Xistencl'
of thl' diff"ITnt forms of clrhoxypeptidase .-\
differing in their N Hz-ll'r1l1inal Sl'qul'nc(' has to he
J'('ckOlll'd with the studi,'s of Coomhs ct I/I.IZI who kll·c
shown that, in carhoxypeptidase Ay, the zinc atom
which is l's.sel1ti;d for ;Ictivity is hound by not I)nl\'
a -SH group but also by the single :-IH z- group
in till' polypeptid(' chain.

The single cysll'ine side chain of carhoxypeptidase
A is bound to till' zinc atom":',126. The protein :tlso
contains another amino acid residue which upon
reduction gavl' rise to cyskine and upon oxida,io'n
to cysteic aci{j1". The active sill' cysteine has het'll

question of its possible functional significance. Roth
bovine chymotrypsinogen R and porcine elastase also
possess two histidines in a similar cystinyl peptide
sequence109• It has been postulated~4.lIOon the basis
of the common -Gly-Asp-Ser-Gly- sequence that the
active sites of these enzymes might have e\'olved
from a common precursor. The demonstration of
even a larger area of identity containing the histidines
supports the postulate that the similarities are found
only in areas of functional importance. The discovery
that two histidines in trypsin are found in a deca­
peptide sequence strikingly similar to that present in
chymotrypsin, in which one of the two histidines is
an integral clement of the active site, led Walsh
et a/. 6.,91 to postulate that a functional role exists
for this unique structure and that not one but
two histidines are involved in the mechanism of
catalysis. A similar postulate has been made by
Hartley9z, and Bender and KezdyIll postulated a
general catalytic mechanism based on the presence of
two imidazoles. It is of interest to mention hen' that
two imidazole groupings have been implicated in
other unrelated enzymesJ12 •113 • Walsh and Neurath!lO
made a comparison of the molecular structures of the
two enzymes, The two see!uences, given in Chart 2,
are started with the point of activation as the
common starting point, i.e, with Ile-Val-Gly, the new
NHz-terminal sequence formed on activation of
the zymogens. As in the haemoglobin-myoglobin
comparison, the alignment makes allowance for
occasional deletions. Striking homology is evident
and approximately 40 per cent of amino acid residues
occur at identical positions. The homology can be
extended further if one equates certain amino acid
Tcsidues having analogous chemical properties.
These studies give credencc to the postulate th;lt the
degree of conservation of character is reflected in
areas, which have persisted in the course of evolution
of the two proteins from a common ancestral pre­
cursor, vital for function,

Porcine chymotrypsinogen A has a half-cystine
NHz-terminal residue and its amino acid composition
indicates considerable differences from that of its
bovine counterpart. In chymotrypsinogen 13, the
serine at position No. 14 is replaced by alanine
ncar the NHz-terminus83,

Carboxypeptidase A
Carboxypeptidasc A, like other enzymes of the

pancreas, is formed cssentially by tryptic activation
of its zymogen, procarboxypeptidase A1l4. But the
activation mcchanism differs considcrably from the
other zymogens in molecular details. This is neces­
sitated by the complex structure of procarboxy­
peptidase A which is a trimer of three subunits,
subunit I giving rise to carboxypeptidasc A, subunit
II giving rise to an endopeptidase, and subunit III
whose ultimate identity is not knownm -l17• The
major chemical species in preparations of carboxy­
peptidase A, isolated from autolysing tissues of
bovine pancreas1l8, is carboxypeptidase Ay whosc
NHz-terminal residue is asparagine1l9•120 and whose
NHz-termina! sequence has been shown to be
Asn-Tyr-Ala, ,,121. Carboxypeptidase A.. is the
major chemical species in preparations of the enzyme
isolated after activation of purified procarboxy-
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I~bdkd ,;ekctin.'l\' and th., ';"'IUl'nce of amino acids
around thi,; ,;ulpllur dl'lI'rmined127,I2" and it i,; gi\'l'n
in Charl 3 (:\1';0, Samp':thkumar, h:, S, r., Erics,;on,
L, \\'al,),l, 1\. A, eX 1\.'urath, H., unpubli,;hed results),

The u,;(' of cyanogen hromid., has facilitated
dl'll'r"):nation of tllJl COOH-terminal ""qu('nc(' of
carbOXI'pl'ptid,N' A, Since nll'tbionilll' is com'erled
to 'julIl)o';l'rilll' during thl' cleavage with C.KBr7.,

the onll' fragnll'nt d"I'oid of homoserine is the
COOH-t'l'rminal fragment. TIll' u,;(' of this reagent
ha,; IWl'n of I'alm' in dl'tl,rmining thl' S"qul'nc.' of the
CQOH-tl'rlllinal hexapeptide and in dl'lecting an
unu,;ual hl'll'rog('neity in that n'gion Whl'\'(' a "'ucine
is \'(-plaCl'd hy a I'alinl' n'sidue"", Perhaps, it is of
in!L'n',;t to mention here that in a ,;ingk cow that was
inH,;tigatl'd the carboxypeptidase Aa. con,;i,;lt'd of
tll'l) chains which differed from each other in the
mutual replac.'nwnt of leucine and I'aline near its
CUOH-krminus I2", All th., s"'Illl'nc.' knowkdge
about this proll'in i,; ,;ummarizl'd in Chart 3,

Pancreatic l'rypsln Inhibitor

The linear ';l'qucnc.' uf th., blll'ine pancreatic in­
hibitor containing 5M n'sidues (Chart 4) has been
rl'cl'ntly worked out u,;ing conventionalll'chniques of
sl''Iul'nc.' dl'lerminatiun '3U , Contrary to the clas,;ical
l'il'lI'S of Kunitz, thl' inhibition of bOl'ine trypsin
by soybean trypsin inhibitor involves inactil'ation by
an l'nZl'lllatic event, rather than by amI'\'(' l'Iectro­
static intl'raction between the two proll'ins, and an
arginyl bond in the inhibitor is ckal'l'd in the
proces,;131. However, the product of th., reaction is
not libl'rated from the ,;urfacl' of the l'nzYllle thereby
prl'l'l'nting the turnover of the enzyme,

10
Arg -I 'ro-. \sp-I 'hl'-C ys- Lt·u -(;Iu-I'ro- Pro-Tyr­

20
Thr-C Iy- Pro-Cys· r_ys-.\ la·.\ rg-II,'-lle-A rg­

30
l'yr· 1'11('-Tyr-'\SlI' ,\ la-I_ys- Ala-(; Iy·I.<,u-(' ys­

40
I; In-Thr·l'he-Val-TH·(;I1'·1;1\'·(' \s-'\rg-'\ la·

50
Lys-:\ rg-:\sn -ASI1-1 'IH'-I ..ys-Se[-.\ la-(; hl- Asp.

e ys-\1"t- Arg-Thr.e I'S-C I1'~ly-A la

Chart 4 - .\minCi ~ldd St"ClW'IH"(' for ho\'iI1(' pancr('atic
tryp:-;in inhibitor

Haemoglobins and Myoglobin

The ,;tructural studies on human haemoglobins
haw been pro,;ecuted by threl' groups of investi­
gators13H34 and ha,; led to the elucidation of structure
of the ct.- and (~-chains from Hb-A, of the I)-chains
from Hb-Az, a~d of that of the Y-chains from Hb-F.
Hb-A contains 574 amino acid residues distributed
in the four peptide chains it contains, There are two
ct.-chains each containing 141 amino acid residlll's,
while the two ~-chains contain 146 each, The
molecular weight for this globin portion works out to
61,992, while in association with heme the molecular
weight would work out to 64,458. The Y-chains of
foetal haemoglobin each contain 146 amino acids,
like the r~·chain,;of Hb-A, with 39 points of difference
in the amino acid sequence when a homologous repre­
sentation of structure is made. Numerous studiesl3a

on abnormal human haemoglobins, mammalian
haemoglobin, fish and cyclostome haemoglobins,
leghal'moglobin, and erythrocruorins have been madl',
but notable amongst these was an carly study on
Hb-S (from sickle cell anaemia cases) in which it was
shown that the grossly different physical and
physiological properties of the molecule could be
accounted for by a defect residing solely in the
~-chains which contain at position 6 in the chains
a I'aline residue in lieu of lysine which occurs at
that position in the ~-chains of Hb-A_

Sel'eral recent reviews'36-139 cover the advances
made in the past years on the haemoglobins and
myoglobin, and deal extensively with species dif­
ference, the role of hybridization in accounting for
some of the naturally occurring haemoglobins, and
the physiological role of the molecule_ The known
primary structure of the haemoglObin molecule
coupled with the three-dimensional model available
from crystallographic data together constitute the
most detailed concept yet of the structure of a
protein molecule_ A comparison of the structure
of the Y-chain of Hb-F and the ~-chain of Hb-A is
illustrated in Chart 5,

Cytochromes c

Cytochromes c from several species have been
illl'estigated in regard to their structure and much
of the work has been amply surveyed in several
papers'40-146_ The dt'tailed structure of the proteins
from species such as horse, man, dog, baker's yeast,

\'al Lell I'ro Gill S,'r-Ala,Val Ala A,p-Glu-Val
(~I I'-II is· I'1",·Thr·l; 11I-(; Ill- ..\sp·l. ~·s· ,\ la·Thr·lle-Thr·5,'r- L"u·Try-GIy. Ly,-Val-Asn -Val·Clu-Asp-Ala-G Iy.GI)'-

Ala Gill Asp Thr-
1;llI-Thr·l.eu·(; Iy-, \ 1'1'- [,"lI·I'<'lI- Val· \'al·Tyr·1 'ro·Try-Thr-GI n- Arg- Phe·J 'he· Asp-S"r· Phe-(; Iy-Asn-Leu-Ser-Ser-

Pro· Asp Val Cly-Ala-Phe-SlT Cly-L"u.Ala­
Ala·Ser- Ala-lle·Met·l; I1'- .\sn-I 'ro·I.I's- \.ai- L~'s-A la· His-(; Iy-Lys·l.ys-Val-I.eu-Thr-S<'r-Ll'u-Gly-Asp-Ala-Ill" Lys-

~n Thr
Hi>·1.l'U· ,\sp-Asp·l_eu-l_I's-Cly-Thr·1 'h,,-Ala·(; Ill- Ll'lI-Scr-G lu-Leu- Hi,-Cys-Asp· Lys-Lell- His-Val-Asp·Pro-G lu·Asn-

Arg C~·~ His Pro
Phe· Lys- Leu-Leu-(;I y. :\sn-Val-I.eu· \'ai-Thr-Val-Ll'u-A la-lie· His- Phe-C Iy-Lys-Glu-Phl'-Thr-Pro-Glu-Val-Gln-Ala-

Ala-Tyr Val Ala Asn Ala-His-Lys
SCI'-Trv-Gln-I.ys- \Iet- Val-Thr-GI y-Val- Ala-Ser· ,\Ia-Leu-Ser-Ser-Arg.Tyr-H is

Chart 5 - Amino acid seqUl'nl'l' of the gamma chain of loetal haemoglobin [The beta chain 01 adult haemoglobin differs from
the above at 39 10c'Itiuns, and the amino acid replacements arc indicated]
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Aootyl.Gly.A8p.VaI.Glu.Lys.G1y.LY8.LY8.Ileu.Phe.VaI.GluNH,. Lys.CyS.Ala.GluNH,.CyS.HiI.Thr.
10 L-HEM~

Val.Glu.Lys.Gly.G1y.LY8.His.Lys.Thr.Gly.Pro.AspNH,.Leu.His.Gly.Leu.Phe.Gly.Arg. r.ys.Thr.
~ W . ~

Gly.GluNH,.A1a.Pro.Gly,Phe,Thr.Tyr,Thr.Asp.A1a.AspNH•.LY8.AspNH•.Lys,Gly.llcu.Thr.Try.Lys.
50 60

Glu.Glu.Thr.Leu,Md.Glu.Tyr.Leu.Glu.AspNH,.Pro,Lys.Lys.Tyr.lleu.Pro.Gly.Thr,Lys.l<;,t.lleu.
70, 80

Phe Ala.Gly.llcu.Lys.Lys.LY8.Thr.Glu.Arg,Glu.Asp.Leu,Ileu.Ala,Tyr.Leu.Lys.Lys.Ala,T!lr.
W 1~

AspNH,.GluCOOH
104

Chart 6 - Amino acid sequence for hor~c heart cytochrome c [The rcsi<hH':':' in bold-fact' t~'lH' arc thosl' that arc i(kntical
in the cytochromcs c from horse, man. pig, rabbit, chicken, tuna. and Bakt'T's yeast. The n:sichlt's in italiu·; art' tit I~l'

that arc idcntkal in the vertebrate proteins onlyJ

Chart 7 - Evolution of cytochrome c

and others arc available. The work of Paleus and
Tuppy147, and Tuppy's earlier work148 had pointed to
limited amino acid exchanges occurring in the
heme region of proteins derived from ox, horse,
pig, chicken, salmon, silkworm, baker's yeast.
Rhodospirillum rubrum (c2) and further data enable
comparisons of structure with the proteins from
Chromatillm' RHP', Pseudomonas ftuorescens (c-551),
and others. Acetylation of the NH2-terminus is
found in some of the cytochromes c as in T1\1 V protein
and ovalbumin. The presence of NH2-terminal
acetylglycine was located by 1\1argoliashH9 by
identifying acetic acid upon gas chromatography of
the sulphuric acid hydrolysates of the NH2-terminal
-peptide obtained by digestion with chymotrypsin.
Kreil and TUppyl50 isolated from peptic digests

Species comparison

Horse --Man
Horse --Pig
Horse - - Chicken
Pig - - Chicken
Rabbit - - Chk.ken
Man - - Chicken
Horse --Tuna
Pig --Tuna
Rabbit - - Tuna
Man --Tuna
Chicken - -, Tuna
Horse - - Yeast
Pig --Yeast
Rabbit - - Yeast
Man --Yeast
Chicken - - Yeast
Tuna - - Yeast

Numucr of
variant
residues

12
3

12
10
11
14
19
17
19
21
18
44
43
45
43
43
48

Divcrgrncc of
in millions

of yean;

130
33

108-150

184-228

465-520

acetylglycylaspartate, and the peptide bond was
c1l~aved sl'kcli\Tly by heating at pH 2·0.

1\1argoliash l40 analysed the S('qu('no's from dinrgl'nt
species (Charts 6 and 7) to compare th(' ('xl('nt "f
variation of these structures with the known ph\'lo­
g('nelic relations of species. In an ('\'olutionan' selbe,
all these prolL'ins are truly homologous strllclure,;.
The largest differenCl''; are found helwe('n phylu­
genetically distant slll'cies like the \'('rt<-hLltl' and
yeast, while a few differenc('s are obsern'd IJl'lIn"'n
closely related speci"s. Certain "'qlll'no's in the
po!ypeptid,' chains an' ill\'ariant while otlwr,; an'
prone to variation. The extent of variation uf the
primary structure can give some approximatiuns
of the time ('lapsed since the lines of evolution h'ading
to any two sp"cies din'rg('d. Similar studies h,l\'e
also been carried out by Doolitlh' and Bloomhack"'l
who compared the sequences o[ Jihrin"peptid('s
isolated from diverg"nt speci,'s.

Lysozyme (Muram/dase)

Egg white lysozyme has h"en studied mainlv b\'
two groups of investigators l .\2-155 in recent "ea,:s
culminating in the successful elucidation or' the
primary structure of the prolL'in (mol. wi 1'1-,307,
129 amino acid residues). including the corr"ct assign­
ment of the -S-S-bridges, which latter was al,;o
accomplished by Brownl.\" employing the diagon,,[
technique67• The proposed structure is gi\'en" in
Chart 8., Lysozym"s, including "gg white lysoz\'Illl',
have lytIC actllm on b~teria and split the cell "'all bl'
hydrolysing the r:l (1-4) linkages between N-act'ld­
muramic acid and N-acetylglucosamine. Vari,;us
groups in lysozyme, such as indole, imidazole,
methionine, [re" amino groups, etc., are known
to be essential for the biological activity o[ I)'so-

6
Lys-Yal-Phe-Gly-.-\.rg-CyS-Glu-Leu-Ala-Ala-Ala-:';let-Lys-Arg-His-Gly-Leu-Asp-Asn-Tyr-Arg-Gly-Tyr-Sn_

30
Leu-Gly-Asn-Try-Yal-CyS-Ala-Ala-Lys-Phe-Glu-Ser-Asn-l'he-Asn-Thr-GIIl-Ala-Thr-Asll-Arg-Asn-Thr-,\,p_

, 64
Gly-Ser-Thr-Asp-Tyr-Gly-Leu-Lcu-Gln-Ile-ilsn-Ser-Arg-Try-Try-CyS-Asn-Asp-Gly-lIrg-Thr-)'ro-Gly_Ser_

76 80 ' 94
Arg-Asn-Leu-CyS-Asn- I1e-Pro-CyS-Ser-Ala-Leu-Leu-Ser-Ser-Asp-lle-Tllr-Ala-Scr-Yal-Asn-CyS-Ala-Lys-

" 115 '
Lys-I1e-Val-Ser-Asp-G Iy-Asp-GIy-Met-Asn-Ala-Try-Val-Ala-TrY-Arg. Asn-Arg-CyS-L ys·Gly-Thr-Asp-Yal-

127 '
Gln-Ala-Try-Ile-Arg-Gly-C~'S-Arg-Leu

Chart 8 - Amino acid sequence of egg whit.e lysozyme which contains 129 amino acid residues. The tlisulphidc alignments are
6 ->-127, 30 -..115,64 -.. 80 and 76 -...94
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~ymel5.1,l•• ,m-la.. With the structure of the protein
known it is to Iw hoped that studies on the nature
of the actin' site will ,"il' placed on a firmer footing
by the tharacterizatiOll and location of the important
groupings in relation to the known structure. One
examrle of such a j'.Ji1itful study is the identification
{li tlie singt(' Try residue, at position 62, in lysozyme,
wlllch on modification with N-bromosuccinimide
causes the ('nzynw to lose almost all activity160.

Tobacco Mosaic Virus Protein

In the past decade inll'nsive research has bet'n done
on the ",lrious aSjwch of structure, assembly,
stability and hiological activity of the tobacco
mosaic ,'irus ('I'M V) particle, The progress in this
field, arising from the Iwo groups working in Berkeley
and TUhingen, have I)('en amply surveyed161-165.
The complete covalt'nt structure of Ti\1V protein
is known and w('11 documented (Chart lJ) and a
great deal of infornHtion on chemical mutagenesis
and its consequences on t he amino acid seqUt'nce has
emerged from these sl udies166.167.

Ferredo"/n

Ferredoxin, the non-heme iron-containing protein
from Clostridium pasteurianum, is involved in electron
transport and the protein has been isolated also from
some plants and numerous anaerobic bacteria.
The structure of the Clostridium pasteurianum
ferredoxin, of molecular weight approximatl'ly 6000
and containing about 55 amino acid residues, has been
the subject of several studiesl68-170 (Also, Tanaka, M.•
Benson, A. M., Hower, H. F. & Yasunobu, K. '1'.,
personal communication). The protein contains
eight cysteine residues, six or seven moles of labile
sulphide S and seven atoms of Fe. The Fe and S
arc incorporated in a poly-ferric-sulphide chain
in which there arc two groups, comprising two and
five, respectively, Fe atoms which are non-equivalent.
At least two of the iron atoms arc in the Fe3+ state.
There are 6 inorganic sulphide bridges between the
various iron atoms, and in the poly-ferrie-sulphide
structure in ferridoxin seven S atoms, from cystine
residues in the peptide chain. alternate with the six

Acetyl-Ser-Tyr-S,"- [f"-Thr-Thr-I'ro-Ser-t; In-l'he-Val-I 'he-l.eu-Ser-Ser-Ala-Try-Ala-Asp-Pro-) le-G lu-Leu-lle-

,\<n -f.Oll-CY"i I{-Thr- ,\<11- .\la-!.ell-Gly-Asn-Gln-l 'he-GIn-Thr-G In-G In- Ala-Arg-ThT-Val-Gln-Val-Arg-Gln-l'he-Ser­

GIn- Val-Try- Ly,; -l'ro-Ser-I'ro-GI n-Val-Thr-Val-Arg-l'he-Pro- Asp-Ser-Asp-Phe-Lys-Val-TYT-Arg-Tyr-A5n-Ala­

Val-Lell-,\sp-I'ro-f.eu-Val-Thr-Ala-Leu-!.ell-Gly-,\Ia-l'he-Asp-Thr-Arg-Asn-Arg-Ile-llc-Gln-Val-Gln-Asp-Gln­

,\Ia- .\sn-Pro-Thr-Th r- ,\la-GII1-Thr-Lcu- Asp- Ala-Thr- Arg-Arg-Val -Asp-.\sp-Ala-Thr-Val-Ala-llc-Arg-Scr-Ala-A51'­

fl.,-.\sn- r.ell- [Ie-Val-t;I,,-! .ell- [Ie-Arg-t; Iy-Thr-G Iy-Ser-Tyr-Asn- Arg-Ser-Ser-l'hc-t;lu-Ser-Ser-Ser-Gly-Leu-Val­

Try-Thr-Ser-G Iy-l 'm- AI a-Thr

Chart l) - Amino add se<']lICncl: of the 158 residue-long polypeptide chain in tobacco mosaic virus

I T
Asn

I
Ala

Ala - TV r- Lv s- JI '" Ala -Asp -Sor- Cvs' Val-Sor- Cys- G1V- A1a-Cys- Ala-Sor- Cys III

I I I I +
V0/0iJV :1:

Gi" /1\)\/\7\7\fJ\:r
G)" S Y \f Y Y S S X ui
vr I I I I pto
~o-AO. -G> ,- ••,- p,,-'w•.,-A"-M.-,,.-A"-o>.-",-A.,-».- '0'_'\~I~

X H20 Asp

• Chart 10 - StructllTe of ferredoxin
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10
I le-Pro-G lu-Tyr- Va 1- A,p-Trp- Arg-G In- Ly,-G Iy- Ala-Val-Thr-I 'ro-

20 30
Val- Ly,-.'l5n-GI n-Gly-Ser-Cys-G Iy-Scr-Cy,-TTp/l!I la-Ph" //( I I,· :,1/

40
Arg- Asn -1'hr- Pro-Tyr-Tyr-Glu- C; Iy-Val-C In-A rg-Tyr-C ys- Arg- St '[- Arg·

50 60
Glu- Lys-GI y- Pro-Tyr- Ala- Ala- Lys-Thr- A'p-G Iv-V al- Arg-C; In- \. al­

70
Gln- Pro-Tyr-Asn -G In -G Iy- Ala-Lcu-l.eu-Tyr-S('r-lll'-Ala-A,n-(; Ill-

80 90
Pro-Ser-Val-Val- [.eu-(; 111- Ala- Ala-(; 1y- Lys- A'p-I 'h,,-(; In- L"u-Tyr­

100
Arg-Gly-GI y- [Ie-Phe-Val-Gh'-Pro-Cys-G 1y-A,n-l.y'-Val- Asp-II is-

110 120
Ala-Val-.\Ia-,\Ia-Val-Gly-Tyr-.\sn- Pro-(;Iy-Tyr-I k-I.eu-I k-Lys­

130
Asn-Ser-Trp-Gly-Thr-Gly-Trp-Gly-(;Iu-A,n-G Iy-Tyr-I k-Ar:~-Ik-

140 ! SO
Lys-Thr-GI y- :\sn -Lcu- .\sn-G1n-Tyr-S('f-G 111-(; In-(; 111-Leu- I.ct!- .\:-;1'­

160
Cys- Asp-.\rg- ·\rg-Ser-Tyr-G Iy-C ys-Tyr- Pro-G Iy- Asp-G Iy-TrpIIS('r-

170 180
Ala- [.cu//Val- Ala-GI n-Tyr-G I"-lIe-H is-Tyr-Arg-G 1y-Th r-I; 1y-ASll­

190
Ser-Tyr-Gly- Val-Cys-GI y- Leu-Tyr-Th r-S('r-Ser- Phe-T yr-I 'ro-Val- Ly'- ASll

Chart 11 - Tentative amino acid sequence for papain fRl'si<1u('s in St'qUl'IH'l'S within slant lines an' llnassigned pl'ptides
whm;c rclatin' positions afC nut known]

10
AIa-Glu-Cys-Ser-Val-Asp-Ile-G In-G1y-Asn-Asp-G In-Met-(; In -Phe-1\sn-

20 30
Thr- Asn -Ala-lle-Thr-Val-A'p- Lys-Scr-Cys-I. y'-(; In-I 'he-Thr- Val- ASll­

40
Leu-Ser- His-Pro-G Iy-Asn-Leu-Pro- Lys-Asn-Val-}! ct-G Iy- His-Asn -Trp-

SO 60
Val-Lcu-Ser-Thr-Ala-Ala-Asp-Met-Gln-Gly-Val-Val-Thr-Asp-(;Iy-Md-

70 80
Ala-Ser-GI y- Leu-Asp-Lys- Asp-Tn- Leu-I.y'- Pro- A,p- A,p-Sl'T- Arg-- Val­

90
I le- Ala- Hi,-Thr-I.ys-Leu-lle-G Iy-Scr-G1)'-[, In- Ly,-!lsp-Sl'T-Val-Th r-

100 110
Phe- As1'-Val-Ser- Lys- [.eu- Lys-G Iu-GJ y-(; Iu-(; In-Tyr- Md-I 'he- Phe-l ys­

120
Thr- Phe- Pro-GI y- H is-SeT- Ala-Leu- Met-L "s-C; Iy-Thr-I.<'u-Th r- f .('u-I.ys-

Chart 12 - Amino acid sequence for azurin

sulphide S atoms and thereby provide points of
attachment for the poly-ferric-sulphide chain to the
protein molecule. The proposed structure for ferre­
doxin is indicated in Chart 10.

There is the possibility that this structure may
have to be modified, since there are reportedly
observations suggesting that Fe can be removed
from the protein without loss of sulphide.

Another protein, rubrcdoxin, involved in electron
transport has been isolated from Cl. pasteurianulIl 171

The structure for the protein is not available but
it is of size comparable to ferredoxin while not
containing any alanine or serine.

Papain

A tentative structure of papain has been postulated
recently112 (Chart II). The total number of amino
acid residues is about 200 which is appreciably
higher than the 178 reported previously113.

I t is of interest to compare the amino acid sequences
around the active site of papain with that of ficin 114,

which, like papain, is also a -SH enzyme. The
two sequences are shown:

Papain Pro-Val-Lys-A.n-Gln-Gly-Ser-C)'s-Gly-Ser-c.vs­
Ficin Pro-Ile-Arg-Gln-Gln-Gly-Gln-Cys-Gly Ser-Cys-
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The clo:,e identity o[ thl'sl' sl''1uenccs probably
implies their direct il1\'oln'nll'nt in a mechanism of'
action common to both ,'nzynll's. "

Azurin.

Tbe coppc'r prot<-in, azul'ln (hlu" protein), from
Pseudu1Jlo/l.as fll/OY('sccl/s was investigated hy
AmblerJ15 ,116. TIll' nll'tal was removed by precipita­
tion of the protein with trichloracdic acid. P,,!,tide:,
[rom conn'ntional enzymic digests as well as those
ohtained by cleavag(' with cyanogen bromidc' were
isolated and the se'lll,'nces ckkrminl'd. The Sl:'llll'nce
of tIll' apoproll'in is gin'n in Chart 12. The sill' of
binding of copper in this protl'in is not known_

Miscellaneous Proteins
The structure of Bence-Jones proteins, corres­

ponding in most instances to the light chains of the
myeloma protein from the same patient, has received
attention and a nearly complete sequence for the
212 (213) amino acid residues in Bence-Jones prote:n
Cummings is available l11 , The structure work on
Bence-Jones protein Ag has also progressed apace l1H •

The structure of clupeine Z has been worked
out 119.
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o
+ Choline kinase II +

(i) HOCH,CH,N(CH3)3+ .\TP----·---+HO -!'-OCI-!,CI-!,!\(CI-!a)3
I

OH

o 0 0 0
II II II II + Pho..phurr1 dllllilll··tyLidy(

(ii) Cyt-O -1'-0-1'-0- P-OH -!- HO-I'-OCH,CH,I\(ClI,),~
I I I I ,,,,,,,I<-,.a;c
OH OH Or! OH

o 000
II Ii I: II

(Iv) Cvt-O-I'-OH+ATP---+Cyt-O-I'-O-I'-O-l'-Oll
I I I [
OH OH OJ( OH

o ()
II II

1'-1' 1-(\·t-O-I'rll-I'-(:l'II,l'H,:·q( H,',
I I
Ul-l (Ill

CH.,OOCR
I .

(iii) RCOOCH
I
CH,OH

o 0
II II +

-!-Cyt-O- P-O-I'-OCI-!,CH,N(CH3)3~
I I

01-1 OH
ClI ..OOC R
I .

RC()()('II ()

I r +
CI 1,0 -I'-(}('II,(' 1I,N(('I-I,),

I
OIL

L('l'ithin

o
I

+Crt-O-I'-(,H
[

UH

Chart 6 - Biosynthesis or lecithin from <:holim'

is a component par t of a phospholipid molecule.
Studies on the precursors of methyl groups of cho­
line6<-66 seem to indicate that all the methyl groups
of choline arise by transmethylation from S-adenosyl
methionine to PE, which in turn may arise by
decarboxylation of PS67,68 The transmethylation
of S-adenosyl methionine to PE is catalysed by a
microsomal fraction of rat tissue and does not require
the addition of synthetic, DL-dipalmitoyl cephalin.
Incubation of microsomes with ethanolamine 1,2-14C
for labelling the bound lipid ethanolamine, and
exhaustive dialysis and reincubation of the labelled
microsomes with S-adenosyl methionine have shO\I'I1
that the bound lipid ethanolamine is indeed the
methyl acceptor. Artom and Lofland69 have now
indicated a direct transfer of me·thyl group from
S-adenosyl methionine to PE hy rat liver homo­
genate. This reaction is irreversible69 . Free
dimethyl ethanolamine and S-adenosyl methionine
do not affect an isotope dilution indicating direct
conversion of phosphatidyl-c1imethyl ethanolamine
to phosphat idyl cholin(;69. These studieS show that
methylation of ethanolamine to choline takes place
via phosphat idyl ethanolamine, \\·ith phosphat idyl
(N-methyl) ethanolamine, ami phosphat idyl (N,N­
dimethyl) ethanolamine as successive intermediates
(Chart 7). Bremer and Gr(;enberg5~ have confirmed
these results in rat liver. The svnthesis of lecithin
also occurred when I'C serine was injected to rats.
Radioactivity was also found in amino-ethanol and
choline labelled HC in both hydroxyl and methyl
groups. This synthesis occurced by first decarboxy­
lation of PS to PE. All these enzymes appear to be
localized in the microsomal fraction of liver. It
thus appears that phosphat idyl choline is the first
form of choline to accumulate in tissues such as liver
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as a product of nu-thylation of ethanolamine. The
transformation of PE to lecithin constitutes an
important alternate pathway for the biosynthesis
of lecithin and for the utilization of the active methyl
groups ill animal tissues. The physiological impo-r.
tance of these reactions has not beell established
fully: however, the experiments of (;roth ct al.67

suggest that this new pathway for lecithin synthesis
is quantitatively of greater importance than the
patlmay elucidated by Kl'!l1H'dy and \reiss6s .
Through this sequence of reactions quaternarv
ammonium groups are introduced. (;ihson el 111.'0
speculated that the couversion of PE to lecithi" q,jtel"
the charge on a lipid nll'mbran,' anrl thus ha,; a pro­
nounced effect Oil its structure and permeability.
Since this system is located in the microsomfs. it
may be a detl'rmining factor in the lamellar struc­
tun~ of the endopla,;mic reticulum. Ho\\·e\'t'r. these
reactious do not lead to a net syntlll'si,; of phospho­
lipids by the living cell. but rathl'r to the transforma­
tion of olle kind of phospholipid into auother. So
far as is kllown at present, thl' nl'! production of

Ph()~Jlliatid\1 dhallldalllillc

I S-a(\t'llosyl nwthionine
j.

Phosphati(I~'1 (:\-J1H'thyl) t,thanolamin'

I . _
1 S-adt'l1l1syl rlldllHlIlIll<'

j.
Phosplw.tidyl (~. f·dinwthyl) t'than{Jlil1l1il~l'

I_I S-;\<h'nosyl IlH.'thioninl"'
j.

L('cithin

Chart 7 - Stt'pwist· llH'thylatinll of plwsphatidyl dhanol­
amine











































New Publications

THE WEALTH OF INDIA
--!!tdustrial Products: Part VI (M-Pi)

Contains comprehensive account of development and present position of 28 Indian

industries, important among them being Machinery, Motor Vehicles, Petroleum

Rl::fining, Pharmaceuticals. Paints & Varnishes. Paper & Paperboards, Metal

, Containers & Closures, Perfumery, Opium Alkaloids, Mica & Mica Products, Oxygen.

Pin & Clips, Needles, Match and Papier Mache.

Pages xiv+315+xii Demy 4to, 6 plates and 89 illustrations
Price Rs 28.00 ($ 8.00, sh.56)

DRUG ADDICTION
With Special Reference to India

by

R. N. CHOPRA & I. C. CHOPRA

Contains two parts consisting of 12 chapters dealing with: Drug addiction as a

world problem, Addiction producing drugs, Psychiatric and clinical aspects of drug

addiction, Treatment of drug addiction, Minor drug habits, Tobacco habit. Alcohol.

Roy :si'U:lrates. Cannabis, Opium, Cocaine, Control of drug addiction in India.

I' Pages <;;;+264 Royal 8yo P,ke Rs 12.00 ($ 3.50. sh.24)

Copies available (rom:

.•:-ublications " Information Directorate, CSIR
Hillside Road, New Delhi 12
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EBERT 3.4 METER PLANE GRATING SPECTROGRAPH
for

CHEMICAL ANALYSIS
OR

PHYSICS RESEARCH

World's most advanced
spectrograph. commercially
available

• Extreme simplicity of
operation (can be used and
interpreted by novices)

• Very high dispersion and
re solution at utmost flexibility

• A Photograph,c Spectrograph.
easily convertible into a Direct
Reading Spectrom~ter

Sold & Serviced in India by:

rw:wn INDUSTRIAL & RESEARCH INSTRUMENT CO.
~ 02. COMMERCE CENTRE. 7~ TARDEO ROAD. BOMBAY·H.

CENTRIFUGES

AND

SERVICE

FOR

QUALITY

* Robust design for continuous and efficient running
'QUICO' MODEL SC/CEi2 (ii) * Large range in speed variation * Noiseless "flU : ~\!.,

balanced (vibration force) movements * Lubricating r
ball bearings and resilient rubber buffers * Different types like: Hand operated or electric, close
or open model. with aluminium tubes, holders, glass tubes, or buckets. free oscillating heads
to take 2, 4. 8 tubes, etc. Working on ACfDC supply, duly painted with hospital white cr:<-J~~"""
or in metal finishing.

Please contact:

SPECIALISED IN LABORATORY EQUIPMENT

UNIQUE TRADING
.. -

CORPORATION
,- '-"d' !J

221 SHERIFF DEVJI STREET, BOMBAY 3
Gram: 'UNILAB' Phone: 325611 & 3234B9
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RESEARCH ELECTROMAGNET
TYPE NP-53

The magnet provides reasonably uniform fields and an air gap continuously
adjllstablp. from zero to 10 em. The pole pieces are 10 em. in diameter. A pair of
cylindrical pole pieces is provided with the magnet. Tapered pole pieces are
specially made and supplied. EnergiZing coils carry low current and are air-cooled.
Current Stabilized Power Supply for use with this magnet is available.

A number of these magnets are in use in Universities, Colleges and our
National Laboratories.

Also available

5 r- Electromagnet, Type P-51 • 7.5 em. Electromagnet, Type NP-52

LARGER ELECTROMAGNETS MANUFACTURED TO SPECIAL ORDER

Manufacturers:

UNIVERSAL SCIENTIFIC COMPANY
32 PAREKH STREET, BOMBAY 4
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for

Cauvery Brand

STABLE
BLEACHING
POWDER

~
~
~
~
~
~
~
~
~

~
~
~
¥§
~
~
~

.textile bleaching, ~
~.water purification. ~I

.environmental sanitation ~
:~

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED
Mettu,. Dam R. S. Salem Dist.
Monagi!lg AgflllS:
SeSHASAYEE BROTHERS PRIVATE LIMITED

CRlTERION.MC·3'o

IOWA-INOlA'S ANOTHER FIRST
~------------------

CLEAR AND LUMINOUS IMAGE
MAGNIFICATION UPTO 400
An ideal instrument for demonstration

MICRO
PROJECTOR
MODEL· TWMP

Also these Microscopes:
e STEREO BINOCULAR
e METALLURGICAL

('l BINOCULAR RESEARCH
('l MONOCULAR RESE ARCH and MEDIC AL

e MONOCULAR STUDENT

e DISSECTING

Manufactured by :

TOWA OPTICS (INDIA) PRIVATE LTD.
in collaboration with row A - Japan
Regd. Office: 4, Daryaganj, Post Box 1685, Delhi·6
Branch Office: 33, Sembudoss Street, Madr.s-'
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S. H. KELKAR & CO. (PRIVATE) LTD.
DEVAKARAN MANSION, 36 MANGALDAS ROAD

BOMBAY 2

(;r;1I1l: ' ~.\CIIEWOI~I\S·. BU:lllL\ Y-D.\DAH

Manufacturers of

NATURAL ESSENTIAL OILS, AROMATIC CHEMICALS, RESINOIDS

& WELL-KNOWN' COBRA BRAND' PERFUMES, USEFUL

FOR ALL COSMETIC & TOILET PERFUMES SUCH

AS HAIR OILS, BRILLIANTINES, SOAPS,

AGARBATTIES, FACE POWDERS, ETC.

F01{ SAJ\IPLE :\\IJ PRICE, PLEASE WRITE TO THE ABOVE ADDRESS

Phone: 272426 Gram: GRAPH MAKER

CHHENNA CORPORATION
P.O. BOX 1728 • 7;23 DARYA GUNj

DELHI 6

Leading manufacturers of

SECTIONAL TRACING CLOTH IN ROLLS

DATA CHARTS IN SHEETS & ROLLS

with

SectIOnal Graphs, Logarithmic Papers, Polar Co-ordinate

Papers, Probability Charts, Frequency Papers

Triangular Papers, etc. etc.
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SCIENTIFIC INSTRUMENTS & EQUIPMENT!
FOR

EDUCATION, RESEARCH & INDUSTRY

*RESEARCH, STUDENT & DISSECTING MICROSCOPES

* MICROTOMES * pH METERS * PHOTOELECTRIC

COLORIMETERS * OVENS * INCUBATORS * WATER

BATHS * ANALYTICAL BALANCES * LABORATORY

GLASSWARE * PORCELAINWARE & SILICAWARE

* PHYSICS INSTRUMENTS

DISSECTING MICROSCOPE

INTERNATIONAL AGENCIES
79 GHOGA STREET, FORT, BOMBAY

Gram: 'SCIENAPP' • Phone: 325375

AGATE MORTARS & PESTL~,)

(Grade AI)

Absolutely and totally flawless quality, both internally ~ ~

externally. These Agate Mortars and Pestles are I. :",g
exported to very well-known users and trade house'. ire

U.K., U.S.A., Japan and all other countries of the wxld.

Sizes available from 20 mm. to 200 mm. diameter

Also available

All types of IP THERMOMETERS for the Petroleum Testing Laboratodes

PLEASE CONTACT

LABORATORY FURNISHERS
DHUN MANSION, 186C VINCENT ROAD, DADAR, BOMBAY 14
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Phone: 442761 Telegram: LABFURNISH

Branch Office: KAPASIA BAZAR, AHMEDABAD 2
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In laboratories and industrial plants, for analysis and process control, and in a host of other
applications, these indicator papers are in continual use. They are the quickest and handiest
means of mak ing pH checks' on the spot', the paper covering the appropriate range simply
being dipped into the test solution; the colour which develops is compared with the standards
shown on each book. It is often an advantage to use B.D.H. Wide Range pH indicator papers in
the t"st instance, followed by the appropriate Narrow Range papers for an accurate pH determi·
O'ltion. Where both the Wide Range and Narrow Range papers are in use the B.D,H. Multi·
Range package IS very convenient

B.O.H. Narrow Range Indicator Papers 0 B.O.H. Wide Range Indicator Papers
B. O. H. Multi-Range Indicator Papers 0 B. O. H. Litmus Papers
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~ Laboratory Chemicals
British Drug Houses (India)
Private Ltd..
Laboratory Chemicals Division.
S Graham Road. Bombay 1
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The first Pelletislng Plants for Nickel Ore
The first plants for pelletising Nickel are will be built in New Caledonia for Messrs.
Societe Le Nickel S. A., second biggest Nickel producer of the world. POLYSIUS will supply
ell machinery and equipment for preparing and pelletising Garnierite from the Para and Nepoul
mines. Four units using the well· proven POLYSIUS Grate·Kiln process (Lepol process), will
produce a total of 1.5 million tons of pelletised nickel concentrate. POLYSIUS engineers can
solve your pelletising problems. Our pilot plent fecilities permit testing on a semi·lndustrial
scale of all ores regarding their adaptability to pelletising.
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PDLY51US POLYSIUS GMBH
4723 NtllbeQkum/We.t Germ"ny

SALES REPRESENTATIVES,

MOTWAN£
PRIVATE LIMIT.D
121 MahAtma Gandhi Road. POlt 80l No. 1312 Bombay-'
Phone: :l5.2337.Graml: 'CHIPHONE' 011 offke, • Branch.. .n
"'" Otlbl, CAI~ue. l.uc;know, KlJ"lpu(. MadrA'll and Bang.8IOl..
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Safe & Dependable
INJECTABLES

A wide range of parenteral preparations for meeting the growing requirements of the
medical profession are processed in our laboratories. They are made from standard chemicals
employing double distilled and PYROGEN FREE water. Their containers (ampoules) undergo
rigid neutrality tests before they are selected for use. These injectables are, therefore, guaranteed
to be absolutely safe and dependable.

The following are but a few of our well-known injectables:

• RETICULIN - A potent Extract of Liver
• HEXOPURIN - An Urinary Antiseptic
• CALCITOL -Injectable Calcium Gluconate
• BEVITAMIN -Injectable Vitamin B,
• CEVITAMIN -Injectable Vitamin C
• GLUCOSE SOLN -Injectable Pure Dextrose

THE MYSORE INDUSTRIAL & TESTING LABORATORY LTD.
MALLESWARAM P.O., BANGALORE 3

Selling Agent.:
Messrs Khatau Valabhdas & Co., Bombay Messrs Karnatak & Deccan Agencies, Hubl;

Messrs Ventlax, Secunderabad
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Available from Stotk
* METROHM pH-METER E 350

• Mpasuring range 0-14 pH; -500+500 mV

• Accuracy of reading: 0.05 pH, 5 mV

• Absolute accuracy: 0.1 pH, 10 mV

* KUSTNER ANALYTICAL BALANCE,
with and without air damping from Ger­
many. Models AL 49 and AF 48 with
weight box

• Maximum load: 200 gm.

• Sensitivity: I· mg.

* ENDECOTT'S STANDARD TEST
SIEVES

Contact:

PHARMA TRUST
114 Princess Street, Bombay 2

MODERN SCIENTIFIC INSTRUMENT
COMPANY

48A/48B SADASHIV CROSS LANE

BOMBAY 4

*
Direct Importers & Stockists of

I PYREX' Brand
Laboratory Glassware and

Apparatus

*
Manufacturers of

I MODERN' Brand
Laboratory Equipment

A28

SHABNAM
PLASTIC ANALYTICAL BALANCE

COVERS
HELP KEEP YOUR

LABORATORY BALANCES

FREE FROM DUST AND STAINS

AND ADD GLAMOUR TO YOUR LABORATORY

Available in Beautiful Clear Plastic
at Rs. 11.50 each

(They are cheaper 25 per cent by the dozen)

Manufacturers:

OCEANIC INDUSTRIES
(INDIA) PRIVATE LTD.

1-2 PRESIDENCY COURT
55 GARIAHAT ROAD

CALCUTTA 19
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1<11
Y/K TECHSNABEXPORT

MOSCOW (USSR)

OFFERS
.... ROMPT DELIVERY OF:

Radioactive Isotopes.

Compounds of Radioactive Isotopes.

Alpha-. beta-and gamma
radiation sources.

Neutron sources.

Standard. reference and
calibrated sources.

Deuterium and tritium targets.

Compounds of natural radioactive
elements.

Stable isotopes and their
compounds.

TechsnabexpDrt
guarantees high chemical purety
of all the preparations.

Orders are taken for continuous delivery through the year and for
a single shipment as well as for special preparations of radioactive
isotopes under agreed specifications.

The Catalogues are sent on request.

AVAILABLE uN

RUPEE PAYMENT

for further details plea~e contact

TRADE REPRESENTATION OF THE USSR IN INDIA

INTERADS 65408 l2J 58

ISIR--JUNE 1966

NEW DELHI
Plol Nos. 6 & 7
Block 50·E
Nyaya Marg
Chanakyapuri

CALCUTTA
1 Bishop Lefroy Rd.

BOMBAY
46 Peddar Rd.

MADRAS
50-A
St. Mary's
Road
Alwarpet

A29



• Micro beam condenser

• Cooling chamber up to 145 C

• Specimen heating up to 100G C

ELECTRON MICROSCOPE

for universal application in Biology, Medicine,
Mineralogy, Metall urgy

Electron Microscope SEM 3-1
is a three-stage transmission microscope
with electromagnetic lenses

1000 ... 100,000 fold
(eleven-stage)

1.5 mm

40, 60, 80 and 100 kV

Electron-optical
magnification

Resolving power

Beam voltage

EQUIPMENT

VEB WERK FUR FERNSEHELEKTRONIK
116 BERLIN-OBERSCHONEWEIDE, OSTENDSTRASSE 1-5

GERMAN DEMOCRATIC REPUBLIC

AGENCY

MESSRS K. LAL BHAKRI
P.O. Box 487, New Delhi, India
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TYPE T 24 TYpe 5 60 TYPE VAC60

Laboratory table centrifuge
Type T 10

Laboratory sugar centrifuges
Type TZ I
Rotating speed 2900 r.p.m.
Field of gravitation 520 g

Micro-haematocrite centrifuges
Type TH I

2600 g

4000 g
21,SOO g

max, 3500 r.p.m.
4500 r.p.m.

max. 16,000 r.p.m.

-S'C -2S"C

ol O"C -S'C

1250 cal/h
K60 K60S

ctO'C -IS'C
-rc -2rC

500 cal!h

Preparative ultracentrifuge
Type VAC 60
Routing speed max. 60,000 r.p.m.
Field of gravitation max. 300,000 g
Vacu urn in the rotor

chamber . 5 X 10-: Torr

M!nimum temperature
in the rotor chamber - 20°C

Cooling centrifuge Types K 60 and
K 60 S (similar to Type S 60)
Type K 60 with cooling
aggregate

Type K 60 S with cool­
ing aggregate

Minimum temperatures
Rotor freely swinging
4xlOOOmi
4x250 ml

Angle rotor
8x2S0 ml and
6,<500 ml

High-speed attachment
Rotor 6 x 10 and

12x 10 ml
Rotating speed

Rotor freely swinging
Angle rotor
High-speed attachment

Field of gravitation
Rotor freely swinging
Angle rotor
High-speed attachment

2600 g
4000 g
21.S00 g

3500 r.p.m.
4500 r.p.m.
16,000 r.p.m.

6000 r.p.m.

6500 r.p.m.

16,000 r.p.m.
21,500 g

max. 2000 g

max. 3250 g

max. 5600 g

max. 5800 g

max. HOD r.p.m.
max. 1800 r.p.m.

Rotating speed
Rotor freely swinging
Angle rotor
High-speed attachment

Field of gravitation
ROlor freely swinging
Angle rotor
High-speed attachment

Rotating speed
Field of gravitation

Rotor freely swinging

Angle rotor
Field of gravitation

Rotor freely swinging

Angle rotor

Rotating speed

(4· 100 mil

16· 100 mil
Field of gravitation

(4' 100 ml)

(6): 100 ml)

Laboratory table centrifuge
Type T 11

Stand centrifuge Type S 60

Laboratory table centrifuge
Type T 14

Laboratory table centrifuge
Type T 13

6-100 r.p.m.

4S00 g

16.000 r.p.m.

max. 20,000 r.p.m.

max. 3200 r.p.m.
mal<. 1200 g

Rotating speed
Field of gravitation

Rotating speed

FIeld of graVItation

Rotating speed of

Hacmatocritc rotor

MicrorOlor
Field of gravitation

Hacm3tocritc rotor 18,500 g

MicrorOlor 18,000 g

Laboratory table centrifu,ge
Type T 4

JANETZKI
CENTRIFUGES
a synonym for quality!
for medical, chemical and
biological laboratories

Messrs Heinz Janetzki K.G.
Leipzig

AGENTS

MESSRS K. LAL BHAKRI
P.O.B. 487, New Delhi, India
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GUARANTEED REAGENTS
indicator papers
~ and solutions

A32

manufactured
in collaboration
with E. MERCK. A.G.
Darmstadt, Germany
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APPROACH
~oo Grros

~PURITY IS OUR
,iliW' BASIC

4ft"I, No. It- 'BASYNTH' is your guarantee for
Standarised Reagent Chemicals
manufactured in modern laboratory
by qualified chemists-

Manufactured.by :

BASIC & SYNTHETIC CHEMICALS PRIVATE LTD.
25, EAST ROAD' JADAVPUR • CALCUTTA-32

Progressive/BSC-4

ATOMIC ABSORPTION
cum FLAME SPECTROMETER
for precise and rapid measurement of very low
concentrations of metallic elements

-- -t,§)lolODfl-IOO­
·'owlt...,OM"I'IOM

1~1
®' @i'~
13 13

IN INDUSTRY
for the

IN MEDICINE _

determination

IN AGRICULTURE

of
trace metal impurities in
metollurgical samples.

trace elements in industrial
electrolytes.

Ca. Fe. Na, K in cement.

Cu. Fe. Ni, Pb in catalytic feed
stock (petroleum).

wear me~als in lubricating oils.

alkali and alkaline earth metals
in body fluids and animal tissues.

trace metals (Fe, Cu, Pb, Cal in
blood; Pb, Ni in urine.

heavy metal pollutants in air
and water.

Na, K, Zn, Fe. Sr. Mg and other
elements in plants; metal dis­
persion in leaves.

micronutrient metals in salls.

heavy metal traces in feeds and
fertili.ers.

nutritional metallic elements In
animal feeds.

metals in hydrophonlc solutions.

Sold and Serviced In India by

IRIC . INDUSTRIAL & RESEARCH INSTRUMENT CO.
02 COMMERCE CENTRE, 74 TARDEO ROAD, BOMBAY·H.
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PERMANENT MAGNET CHARGING

MEAS UREMENT- ST ABILIZATI ON

A Complete System Approach

I 'CrJlllIlIClI1 II/lIgll<'ls IIscd ill

Im7'l'llillg -7e'I11',' -IIIIi,'s, ({(CC­

laoll/clas 1I1It! clt'Clro'll-IJCIIJII

jiJCllssillg ((ssell/hlies CllII Ix

IIll1glll'!i.:(d, lI//'IIsllr1'(1 ((lid

sllluiii:l'Il (1lIicldy llS/lIg II

cOlI/liillalioll (~/Iollr sllllldllrd

1111 ii.'·.

The rapidly t:xpanding u:--c of \1l'rmallClll m:l~nl't~ ha~ in turn Clll:--cd llt'\\' d\..·1ll:1[)d~ \(l he mad\.:
upon research, engineering and production pcr:-;onnl,:! for lcrhllilll1c~ I" Cll;lhk :Iccuratc ;lnd rl'a~()m,hl~'

fast l11e~ns of magnetization, slabilization :111<1 mca:--ut"clllctll of hUlll :--impl ...· :llltl CCI111plc\ magill" a~:'-c11lhlic"',

The complete procc'"'s relltlin.:~ thrci..' tq1l:~ of cljuipllH.:tll: a magnet ch:lr,PlT fOll" ini,ial ...;uuratioll ,llhc
magnet, a magnet [reater for stahiliziHio!l <!{)\\'Jl from maximulll lh!:-. k\'l'\ :llld :1 gau":-'Illclt.:r fill" llll'a~lirl'llll'nl

of the Au" d~n,ity.

These rC'-luirCll1cnts can he cOl1:-.o!id:!Ln.l illlo Olll' compktl' 'Y"'Il'Il1, u.... il1.:...:. (,If thl'-,hcl( pnlducl', \\ hich

permit the reading of the flux dl'n ... ity 1<:\"<.:1:-. :1\ the :-':lllll' lime..: a... lill.' Ill::~I1l..'iil.ali(l1l and :-.tahili~;lIil)n

processes are being performcd. Tile cnginecring- and PI'OdliClion-lilllc ...a\L,d h~ lItilil':Itillll (If :1 CO!llplete

lnagnetics system results in 10\\Cr production cn~."', Il11Jrl' accurate product ;lild gre,tler Cf)l1tI"O! of the

manfacturing process.

RADIO FREQUENCY LABORATORIES, BOONTON, U.S.A.

For details, J~II'I/sc ,,'rilt' 10 .'

Head Office: 6 Tej Bahadur Sapru Road. Allahabad

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED
SOI.E DIST\( IIlUTO\(S

NEW DELIIIMADRASCALCUTTABOMBAYALLAHABAD
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PRODUCT

GLASS WORKING
BURNER w.th
THRU (,binlU

1"

MEKER
BURNER.
With
G.lu!t Top
No.4

LABORATORY
burners

mD

~~:~:;'h ~ ~~,~'U.~", ~ :0~~~, A ~ B:;:~~:Cot.k. No.IA G.wlr lop wid, (~·{k wl!h
~"d Cock No. JA GJUlt' Top
No.lA ,lndCock

No. "lAo

~ 3I..1~.lf
I I --1... "-- _-,

I

Please contact your nearest burshane dealer
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The New Bausch
V.O.M·-7

records 500 microvolts full scale
•

Now, the one trulv versatile
Recorder that records ~'olts, milli­
amperes and ohms, \' ~1out extra
:lttachmenrs or extra cost, is a\'ail­
able in a high sensitivity model.
500 microvolt signals can be
recorded full scale with a 2'5
microvolt accuracy, ror c\'err con­
ceivable applicati(;n in gas chromato­
graphy; monitoring of pH, tem­
perature, pressure and humidity
with appropriate transducers; time­
rate studies; extending the useful ab­
smbance range of colorimeters-the
new V.0.:-'1.-7 is the ideal recorder.
t\nd it's priced very reasonably) too.

FEATURES

• 6 D.C. voltage ranges - 0.5 mv, [ my, 10 my, 100 mv,
I v, 10 V - full scale

• 5 D.C. current ranges - I microamp. [0 microamps. 100

microamps, I milliamp, 10 milliamps

• 6 linear resistance ranges - I ohm, to ohms, 100 ohms,
I K ohm, 10 K ohms, 100 K ohms-full scale, zener diode
D.C. supply (accurncy 3 per cent)

• Fast response

• Built-in full scale offset control

• Operates in lI:\t, rilr. or w;lll·llloulltcd position

• Comp;\cr anu p(lrt;\bk

• Buit-in cVc.'nt marker

• 5 chart speeds between 2'5 inches/hour to 1000 inches/hour

BAUSCH & LOMB 9
For jurther in(ormatiou, pletlse ""rite to

Sote Agmts

MARTIN & HA~RIS (PRIVATE) LTD.
(SCIE:\TIFlC Ill·:I'.\I<T\IE:\T) •

.!
SAVOY CHAMBERS. WALLACE STREET. BOMBAY I -

Printed and published by Shri A. Krishnamurthi, Publications & Information Directorate, Council of Scientific &

Industrial Research, New Delhi, at the Catholic Press, Ranchi, India

RegJ No. PT·842
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