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SEQUENCE AN ALYSIS OF PROTEINS AND PEPTIDES

2. DNS DERIVATIVES

93

(A) Derivatization

In prin ciple, the technique of dansyl ation has not changed and most workers
recommend that the reaction be carried o ut in 0.1 M NaHCOJ • In addition to the
techniques described in our pre viou s reports, it would perhaps be reasonable to refer
here to the method of Varga and Richards", which , when carefully carried out, allows
thequantitation of Dn s-amino acids after polyamide thin-layer chromatography (TLC)
at the picomole level.

To 3.6 x 10-IJ mole of the protein to be analysed, contained in a test tube,
5III of 0.1 M NaHCOJ are added and made to cover the base of the tube by vibra t ing
it on a Vortex mixer; 5,u1(approx. 500 molar excess) of Dns chloride (Dns-Cl) solution
(2 mg/rnl) in acetone are then added and , after briefly mixing it, the reaction mixture
is allowed to react for 12 h at 20°. The mixture is hydrolysed with 6 N HCI , the
residue obtained after evaporation dried in vacuo and the Dns-amino acids and side
products of the reaction are then extracted by vibrating the test tube with 25,u1 of
ethyl acetate saturated with water. The extract is spott ed on two polyamide layers (2
III each) such that the spots on the starting line are less than 2 mm in diameter.
Simultaneously, a standa rd mixture of Dn s-amino acids is run in parallel, thus pro­
viding an internal control for accurate qu antitation, as it eliminates differences in
TLCplate batch behaviour, humidity, solvents and minor discrepancies in the chro­
matographic proce ss itself.

For hydrol ysis under the ab ove conditions, 25,u1 of 6 N HCl are used and the
evaporated residue after hydrolysis taken up in pyridine-acetic acid (1 : I). Different
amino acid derivatives exhibit different levels of stability towards hydrolysis, as sum­
marized by Casola et al,": (Table I) .

TABLE I

RECOVERY OF Dn s-AMI NO ACIDS AFTER TR EATMENT WITH 6 N HYDROCHLORIC
ACID AT IW FOR 16 h

Amino acid Recovery ( %)

Lys 92
Phe 93
Leu 92
lie 86
Val 93
Pro 14
Ser 65
Thr 97
Asp 93
Glu 100
Gly 64
Ala 87

(B) Flat-bed separations

As mentioned in many earlier papers, one of the considerable problems in Dns­
amino acid chromatography is that the unreacted Dn s-CI hydrolyses to the corre-
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eth yl acetate-methan oi-acetic acid (20: I: I). In order to separat e Dn s-Arg, Dns-serine
(Ser) and Dns-threonine (Thr), th e eth yl aceta te-met hanol- acetic acid mobile phase
is run over the plate develop ed previou sly in formic ac id-wate r ( 1.5 :98.5 or 15: 100).
Positions of individual spots are summarized in Fig. I. Perhap s th e most unique
feature of this procedure lies in the use of polyamide layers th at are covered on both
sides with the so rbent. Usually, the reference mixture is spotte d on the reverse side
of the layer. Th is arrangement is neces sary for subseq uent quantitat ion, as will be
described later.

The only disad vantage of the ab ove procedure is th at it con stantl y obscu res the
spot of Dns-cystein e (Cys ), which is ind istingui shable fr om that of the free acid. It
is therefore recommend ed that so me of the so lvent syste ms that offer almost co mplete
separat ion of all Dn s-amino ac ids, as evolved by Deyl and Rosmus" and A rnott and
Ward", be applied .

Quantitation of th e spo ts ca n be achieved by direct sca nning of emitted fluo­
rescence as reported by Seiler" for silica gel plates. Th e fluorescen ce depends, however ,
on the wetness of the plate, a nd apparently some decomposition or evaporation of
the Dns der ivati ves occurs even if th e plates a re stored in a co mpletely dark plac e.
In the recently rep orted method of Varga and Richard s", suita ble for polyamide
layers, the heating procedure of Boulton et al." , which increases the sensi tivity of
detection , is omitte d . Essent iall y, th e procedure of Va rga a nd Richards" is a more
precise applicat ion of the o rigina l tri als of Bruton and Hartley", Wein er et al." and
Spivak et al.22 for quantitative microanalysis.

In addition to direct in situ spect ro fluo rimetry, Varga and Richards" described
the possibility of qu antitati on of fluorescent spots by ph ot ocopyin g den sitom etry.
This method is somewhat more laborious than di rect scanning; however, it offer s the
advant age that perma nent records can be kept. In principle, a sa ndwich is mad e by
using contrast film on one side of a gelat in filte r (Ko dak Wratten No. 93) and a double­
sided polyamide thin-layer plate o n the other, with the layer contain ing the Dn s-amino
acid spo ts on the outside, thus directly facin g the ultraviolet (U V) source. The plate
transmit s th e visible light but pre vents penetration by U V radiation. At th e concen­
trations used for qu antitation , the Dn s-amino acids on th e inside layer of the double­
sided polyamide plate do not receive eno ugh UV light to interfere with qu antitati on .
The interference lim it of the se spots is a 1000-fold excess com pared with the qu anti­
tated amount on the outside layer. The sandwich, held firmly together with a ppro­
priate clamps, is exposed to the UV lamp (UVS- I l min erall ight ) for 10 sec fr om a
distance 17.5 em . Th e sandw ich is then ta ken apart and the film developed and
scanned in an appropriate densitom eter. Normally, quant itation is carried o ut a t the
5-20 pmole ra nge; however , the sensitivity extends down to the fentomole level. A
further increase in sensit ivity can perhaps be achieved by vary ing th e excitation wave­
length of fluore scence. The co rres ponding fluorescen ce intensities are now available,
as indica ted in Tabl e 2.

In seq uence ana lysis, not only qu antitati on but also identifi cation may cause
considerabl e problems. To facilitate identificati on th e recent suggestio n by Lederer
that layers with di fferent sorbent paths sho uld be used with a sing le-so lvent system
seemed promi sing and res ulted in the dat a rep orted by Dey! and Rosmus" . Th e
spreading device has been divided into three equal parts and silica gel (silica gel.
Woelm 210, neutral , 67 g per 100 ml of water ), a luminium oxide (a luminium ox ide
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Fig. 2. Identification scheme for eighteen comm on amino acids as their Dns derivative s. Solvents :
(a) chloroform-benzyl alcohol- acet ic ac id (70 :30 :3) and (b) n-butanol-pyridine- acet ic acid-water
(30:20:6 :24). Sorbents used : a lum inium oxide (hatched squares), silica gel (o pen squa res), and poly­
amide (filled squares).

(aluminium oxide), the components cannot be dist inguished. In the aqueous system
(see Fig . 2b), similar combina tions a re Asp-l ysine (Lys), Lys- Arg-proline (Pro) or
glycine (Gly)-alanine (Ala ). In orde r to facil itate identificat ion, a simple system for de­
scribing the three spots relating to a particular amino acid derivative ha s been used :
assumin g that the accuracy of a n RF determination lies in the ran ge of 0.05 RF , each
spot on a particular sorbent is ch aracterized by the neare st RF value ending in 0 or 5
(0.05, 0.10, 0.] 5, etc .). These help to make the system handy without using man y
layers for reco rd purposes.

An imp ortant way to increase the sensitivity of an N-terminal a mino acid
determination is to make use of 14C-Dns-CI. This technique, developed by Casola
et al.", offers a 50- to 100-fold increas e in sensitiv ity over th e convention al procedure.
In combination with the preci se separa t ion procedure itself, it is possible to approach
the picomol e level. Qu antitation is ca rr ied out with cut-out spo ts and the separa tion
itself is two-dimension al with two subsequent runs in the second direct ion carried out
with different so lvent systems. A polyam ide layer serves as so rbent.Aqueou s formic acid
(1.5%) has been used in the first dimension whi le ben zene- acetic acid (90 :10) served
as the mobile phase for the first run in the second direct ion. Ethyl acetate-methanol­
acetic acid (20:) . l ) was used for re-runn ing the chro ma tog ra m in the second dimen­
sion. This last run is sometimes referred to as a third dimension run.
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Fig.9. Schemat ic represen tati on of the separa t ion of dab syl derivatives.

In the above system , sever al combinations of a mino acid s are not separated,
thus the spot of cysteic ac id is fused with th at of dabsyl-OH , methi onine (Met) sul­
phone is indistinguisha ble from hydroxyprol ine (Hy p) a nd Thr, a nd a-Lys derivat ive
and a-His derivati ve form a combined spo t; Arg and Lys are also difficult to sepa rate.
The use of other so lvent syste ms th at allow th e separa tio n of th ese ove rla ps was sug­
gested. Thus da bsyl-OH a nd cysteic acid (co rrespo ndi ng deri vat ive), dabsyl-Nl-l , a nd
Ala, methionin e suiphone, Hyp and Thr, a nd a-mon ohistidine, a-mon olys ine and
Arg, can be sepa rated (a lways from the last-mention ed amino acid derivative) by
developing the plate in wate r- py ridine-28 %a mmo nia- fo rmic aci d (100: 20: 10:2). Ar g
can be separate d from mon osubstituted Lys and His by developing the plat e in
water-28% ammo nia-etha no l (9 : I: 10). Very recentl y Creaser'? used the isothiocya­
nate derivative of the dabsyI reagent for direct seq uencing wo rk.

5. PIVALYL AND BENZOYL DERIVATIVES

(A) Derivatization

Both pivalyl and benzoyl chloride are reagents that are very reacti ve towards
the N-terminal a mino gro up. Also, the introduction of a benzoyl or pivalyl group
facilitates the hydrolysis of an N-t erminal a mino acid ; both of these reagents were
used for the first time by Cavadore et al:", The final identification was achieved by
gaschromatography after converting the liberated benzoyl and pivalyl derivatives int o
their corresponding meth yl esters. Schematicall y, both reaction s can be rep resented
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Fig. 13. Separation ofPTH-amino acids by HPLC on Zorbax SIL. Elution performed with a concave
gradient solvent system from hexane-methanol-propanol (3980:9:11) to methanol-propanol (9: 11).
Detect ion is by UV absorption at 254 nm. The PTH-amino acid peaks are identified by the single
letter notation for the corresponding amino acids. The elut ion positions of the two peaks obtained
both from lysine (KI and K2) and from threonine (T) are shown below the main diagram.
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authors, however, indicate that in practice this fact should not cause difficulties,
because lysine and thre onine give double peaks in actual Edman's degradations, which
are probably due to the format ion of N'-phenylthiocarbamoyl-NU-PTH-Lys and
dehydro-PTH-Thr, in addition to the expected PTH derivatives.

It should be stressed that the above procedure holds for ethyl acetate extractable
PTHs. Therefore, problems arise when PTH-Arg or PTH-His have to be assayed.
When adjusting the pH of the aqueous phase (which remains after the ethyl acetate
extraction) to about 8.0, PTH-His is susceptible to ethyl acetate extraction and can
be chromatographed in a linear gradient from hexane-propanol (95 :5) to pure
propanol. No system was devised by the above authors for the separation of PTH­
Arg.

The procedure described by Frank and Streubert'" involves the use of two
independent liquid column systems for the separation of PTHs, those which are more
and tho se less polar. It is claimed that the high-resolution liquid column chromato­
graphic separation is superior to both gas and thin-layer chromatography. The less
polar amino acid derivatives, e.g, the PTH derivatives of Pro, I1e, Val,
Phe, Met, Ala, tryptophan (Trp) and Gly, are eluted with the system dichloromethane­
tert.-butanol-dimethyl sulphoxide (500:4:0.4). The more hydrophilic group
consists of the PTH derivatives of Asp , Asn, glutamine (GIn), Glu, Thr and
tyrosine (Tyr) and t:-PTH-Lys , for which series of compounds a mixture of dichloro­
methane-dimethyl sulphoxide-water (80 :15:2) was successfully applied. The separa­
tion s illustrated in Figs. 14 and 15 were carried out with a Siemens S 200 chromato­
graph using Merckosorb Sf 60 as column packin g. Column dimen sions were 500 X

3 mm and the column was operated at ambient temperature with a flow-rate of 1.9
ml/min.

Another high-speed procedure that offers excellent result s in the separation of
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Fig. 14.Separation of PTH-amino ac ids , " hydropho bic group" ; pressure , 250 bar ; flow-rate, 1.65
ml/min; mobile phase: CH,C1 ,- d imethyl sulphoxidc-rerr-butanol (1000 :0.8: 8) ; column: 500-mm
tantalum, 3 mm I. D. ; pressure, 290 bar; flow-rate , 1.9 rnl/rnin ; sensiti vity, 1 a .f.s.d .: wavelength,
260 nm; bandwidth, 20 nm ; room temperature ; sample volume, 10 rnrn"; packing : Merckosorb SI
60 (Slim).

Fig. 15.Separation of PTH-amino acids , "hydrophilic group". Pressure, 250 bar; flow-rate, 0.83
ml/min ; mobile phase: organic phase of C H, CI,- dimethyl sulphoxide-H,O (80 :15:2); other condi­
tionsas for Fig. 14.

PTH-amino acid s is that described by Bollet and Caude'": in this instance the separa­
tion was carried out with a 25 em x 2.1 mm column packed with Micropak CN
(moderately polar alkyl nitrile phase bonded to silica gel of IO-,um grain size). It is
possible to see (Fig. 16) the stepwise elution of individual peaks due to the change in
mobile phase composition. Optimum loading capacity in this instance was 3,u1 of a
samplecontaining 1-3 mg /rnl of the particular amino acid derivative.

Hexane-dichloromethane-isopropanol mixtures of different composition were
employed for the preparation of complex gradients used for elution of the individual
amino acid derivatives, and the flow-rate varied between 50 and 100 ml/h. The results
are summarized in Fig. 17.

(C) Gas chromatography

Gas chromatography has been shown to be a potentially suitable method for
the separation ofPTHs; however, considerable difficulties are met with when handling
somenon-volatile derivatives. Trimethylsilyl (TMS) derivatives (Pisano and Bronzerr"
and Harman et al.54

) have proved useful, especially when on-column derivatization
has been used. The main disadvantages of the above silylation procedure, as sum­
marizedby Inglis et al.55

, are as follows: the inability to handle the arginine derivative ;
widely differing responses in the flame ionization detector; and the limited stability
of the derivatives . Recently, Inglis et al.55 and Brian et al.56 reported attempts to over­
come these difficulties by acylation. These first indications of the plausibility of the
acylation procedure were further developed by Inglis et al.55 , who used the acetic
anhydride-pyridine (I :1) mixture to acetylate PTHs ; usually 100,u1 of the reagent
were sufficient for a 3-mg sample. The reaction was terminatedafter a suitable period
of time (see'Table 7) by"shaking the mixture with 1 ml of water.

The actual separation was carried out with a Hewett-Packard Model 7620A
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Fig. 19. Gas chromatogram of 18 TMS-MTH-am ino acids on an OV-17 column. Oven temperat ure
initially 1600

; 3 min after solvent peak appeared, the oven temperature was programmed to 260 0 for
12min until TMS-MTH-tryptophan eluted from the column ; 2 nmole of each derivative injected,
except for the glutamin e and lysine der ivatives, when 6 nmole was injected. Range sett ing 10, a ttenua­
tion 16, resulting in a full-scale deflection of 3 x 10- 10 A with a 5-mV recorder. Peaks: I = Trp;
2 = Lys; 3 = Tyr ; 4 = Gin ; 5 -~ Asn, Phe ; 6 = Glu ; 7 = Met ; 8 ,= Asp ; 9 ~ Thr, Pro ; 10 =

Ser; 11 = Leu; 12 = lie; 13 ' " S-CM- Cys; 14 = G ly, Val; 15 = Ala.

is presented in Fig. 19. Derivati ves of glycine and valine are not resolved under the
above conditions and therefore a second run on the OV-I co lumn has to be carried
out. For this purpose, the initial temperature of the oven is 1300 and 3 min after the
solvent peak has appea red a gradie nt of 5°/min is set so as to enable the temperature
to reach 260° in the final stage of the separation. Am ounts ran ging between 2 an d 6
,umole appear to be the optimum for the an alysis. The results of the separation on the
OV-l column is presented in Fig. 20.

The trimethylsilyl deri vati ves of MTH-amino acids can be prepared by adding
N,O-bis(trimethyl silyJ)acetam ide- acet onitrile mixture (1 :3) to the dried MTH deriv­
atives in a small screw-capped vial fitted with a PT FE liner, which is then kept at
room temperature for 5 min. The pract ical procedure used for cleaving the particular
N-terminal amino acid fro m a pr otein or peptide sample is described by Vance and
Feingold", and a further description is given by Waterfield and Haber".

Val

S-CM Cy.
Pro

Gly ..
"..'II
o
:0..
It

190 110 150 130

Temperature

Fig. 20. Gas chromatogram of five TMS-MTH-amino acids on an OV-I column. Oven temperatu re
initially 1300

; 3 min after the solvent peak appeared, the oven temperature was programm ed to 2600

at SO/min; 4 nmole of each derivative injected. Range sett ing 10, attenuation 16.
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the form ation of MTH-allo-Ile during the silyl ation procedure. As the mass spectra
of the correspond ing sta ndard a nd the newly formed peak were identical, this explana­
tion seems very prob able ; on the other hand , simila r racemization of MTH-Thr was
not observed . With the separatio n of TMS-MTH-Gly, a double peak was a lso fre­
quently observed, which is rep orted to be the result of th e format ion of th bis-TMS
derivative.

Precaut ion s have to be tak en with th e first p rogramme as otherwise the partial
decomposition of MTH-Asn , GIn, Om and Ly s and the complete decomposit ion of
His may occur. No problem s are rep orted to a rise with the identification of any of
the amino acid derivati ves exce pt His, because th e degree of decompositio n is well
reproducible. With the second pr ogramme higher res ponses a re o bta ined a nd a lso
histidine can be ide ntified . Phenanth ren e and «-c ho les ta ne served as internal stan­
dards in the ind ividu al programmes de vised .

Further investiga tion of the ga s chro ma tograp hy of MTH-amino aci ds was
devoted to the search for a method th at would not require an add itional run for the
separation of som e of the deri vatives of commonly occuring amino acids. Although
not completely successful, th e proc edu re descr ibed by Lamkin and co -wo rkers's ."?
represents at least a further simplifica t ion. Fo r thi s kind of separatio n two types of
column were used: firstly, a co lumn mad e of borosilicate glass, 165 o r 179 ern X 4 mrn
J.D. in size, pack ed with 2 %O Y-17 o n 80- 100-mesh G as-Chrom Q was used . For an
additional check, a co lumn packed with OY-25 o n 80- 100-mesh Supelcoport, which
served to confirm the pre sence of asparagine in the mixture, was a lso used . In the
actual separation pr ocedure, the first co lumn was temperature programmed, sta rt ing
with 1450 for th e first 15 min, fo llow ed by a temperature gra d ient of 4°jmin. Up to
230 0 and maintained at thi s temperature for a n addit io na l 12 min. For th e identifica­
tion of arginine the tempera tu re was kept constant at 203 ° (second column). A typical
separation is presented in Fig. 2 1. Retention ind ices o n SE -30 a nd OY-17, as reported

His

Pro l s

Phe

Glu

145·C ----1'-4 CO/min ~230·C

T r

1.0rT""~-------'------~-'

0.1

0.0 u-__-'--_---:-'--__'::-_----,:'::-__,
o 10 20 30 40

MINUTES

Fig. 21.Gas chromatograph ic separatio n of tr imcth ylsilylated met hylthiohydantoins (Tracor MT
220). Each peak represents 2.5 nrnole of trirnethylsil ylated methylth iohydanto ins, except those for
MIH-His and MTH- e-MTC-Lys, which rep resent 5 nmol e each. Silylation was at 100° for 10.0 min
in bis(trimethylsilyl)acetamid e- acetonitrile (I :3). Colu mn : borosilicate glass , 165 em x 4 mm 1.0.,
containing 2.00 % (w/w) OY-17 on 80~ 100-mesh Gas-Chrorn Q. Flow-ra te : N 2 at 50 ml/rnin ; H 2 at
50ml/min; and air at 375 ml/rnin. Tem perat ure : colu mn programmed as indicated; flash heater,
240°; flameionization detector , 270°. Atte nuat ion as shown; sensit ivity, (attenu ation) x 10- 11 A/m Y.
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Fig. 24. Two-dimensional separation of lTH-amino acids, diphenylindonyl isothi ocyanate and
mono- and bisdiphenylindo nylthiourea. Sorbent: Kieselgel G; layer thickness, 0.5 mm. First run:
solvent system B, chloroform-methanol (90 :10), up to 65 mm from the sta rting line, and in solvent
system A, chloroform-methanol (98 :2) ; second run : solvent system C, n-heptane-I,2-dichloro­
ethane-propionic acid (60 :20 :20). Spots : 1 ~- ITH -cyste ic acid ; 2 = ITH -Arg; 3 = ITH-Asp ; 4 =

ITH·Glu ; 5 = ITH-His; 6 o~ ITH-Asn ; 7 = ITH -Gln; 8 = ITH-Ser ; 9 -re- ITH -Th r ; 10 = ITH­
Tyr; II = ITH-Hyp; 12 = ITH-Gly ; 13 = lTH-Lys ; 14 = lTH-Trp ; 15 = mon odiphenylindonyl­
thiourea; 16 = ITH-Ala: 17 -- ITH-a-amin obutyric acid; 18 = ITH-Met; 19 = ITH·Phe ; 20 =

ITH-Yal; 21 = ITH -Leu ; 22 = ITH-Jle ; 23 ,= bisdiphenylindonylthiourea; 24 = ITH-Pro; 25 =

diphenylindonyl isothiocyanate.

none of the mobile phases specified ab ove is capable of completely separating all of
the common amino acid derivatives. Therefore, a special type of two-dimensional
chromatography has been applied : the plate is developed in chloroform-methanol
(90:10) up to 65 mm from the sta rting line, and the mobile phase is then changed
abruptly to chloroform-methanol (98 :2). The development is carried out for an ad­
ditional120 mm and the plate is then dried, rotated through 90° and developed in the
second dimension with n-hept ane -I ,2-dichloroethane-propionic acid (60 :20:20). The
result of such a separation is presented in Fig. 24. No detection is needed in this
instance because 10- 9 mole of am ino acid derivatives is already visible as a yellow­
orange spot.

9. 4-N,N-DiMETHYLAMINOAZOB ENZENE-4'-THIOHYDANTOINS (ISOTHIOCYANATE
DERIVATIVE OF TH E DABSYL REAGENT)

4-N,N-Dimethylaminoazobenzene-4'-isothiocyanate has been synthetised by
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New trend s in the chro ma tog ra ph ic ana lysis of N-t ermin al a mino acids have
been reviewed. It appears th at while attempts have been made to achieve more
precise separations of PTH a nd Dn s der ivat ives, sepa rat ions that could be subjected
to quantitat ive eva lua t ion are preferred . Other trends favo ur the applicat ion of dif­
ferent fluorescent der ivatives, such as the dabs yl o r ban syl derivat ives, which could
be used for seq uencing of very small a mo unts of proteins. M iniaturizat ion of sca le
can be discerned as th e seco nd major trend in th is area of chro matographic techniques.
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compounds, and ha s a fundamental role in the separation, together with the dif­
ferences in solubility of the sugars in a given elution system.

On layers of silica , the partition processes seem to be replaced , to some extent,
by adsorption phenomena, so that the chromatography of carbohydrates on thi s
material is clearly influenced by the concentration and type of inorganic salts present
in the silica matrix. In this case, the sepa ra tion is det ermined not only by the partition
coefficient but, also, by the selectivity of the solid matrix.

3. SOLVENTS

The elution systems in the chromatographic separation of sugars are usually
organic solvents of bin ary or ternary composition . Water is an indispensable compo­
nent, since water-free so lvents, or so lvents having low water contents, give somewhat
diffused spots which compromise the separation (Fig. I). The content of water varies
from 10 to 20 % in the solvents for use on cellul ose or silica gel, the optimum being
15%. Kieselguhr systems require less than 10%of water.

The binary, water-active so lvent, mixtures are efficient eluents, espe cially for
use on layers of silica gel. An active sol vent is one which is sufficiently polar to be
water-soluble and, at the sa me time, capable of interacting, through weak solvation
bonds, with so lutes. Systems such as 2-propanol- water (17 :3) and acetone-water (9: I)
are among those mo st frequently used in the analysis of monosaccharides. The ternary
systems are made up of water-acti ve so lvent- d iluting solvent mixtures. The diluting
solvent is usually a, or a mixture of two, water-insoluble, or almost insoluble, organic
solvent. It influences the flow velocit y of the eluting band, whil st the resolving power
of the system depends largely on the water-active sol vent ratio, which varies from 1:6
to I :2. For good reproducibility of the results, the ternary system mu st remain mono­
phasic for the entire chromatographic process. For thi s purpose, a small quantity of
a polar solvent or an organic acid may be added.

The addition of an organic ac id to the elution system, other than as a solving
agent, has a particular significance in two-dimensional chrom atography of carbo­
hydrates, which will be explained later. The best elution systems found in the literature,
together with comments, are given in Table I.

4. SORBENTS

The materials mo st often used as so lid supports in the TLC of carbohydrates
are silica, cellulose and K ieselguhr. Some workers have experimented with the use of
other adsorbents such as gyps um", polyamide", aluminium oxides and polycarbonate".
The choice of support mu st be made according to certain criteria : (a) the chromato­
plate capacity; (b) the pos sibility of using at least one of the reagents for the detection
of the sugars, and of obtaining a high degree of sensitivity on a clear background ;
(c) the possibility of resolving a sufficient ly high number of carbohydrates.

-1. Silica gel

Silica does not give a satisfac tory sepa ra tion of sugars unless it is impregnated
with inorganic salts such as bisulphite!", boric acid11 -1J, tetraborate, mono- and di­
basic phosphate" 16and sod ium acetate'P-!", which are capable of interacting with the
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TABLE 2

s, VALUES OF SUGARS A ND DERI VATI VES , SEP ARATED ON (A) UNIMPREGNATED
AND (B) 0.05 M Na,B.O,-IMPREGNATED S ILI CA G EL (POLYGRAM )

Solvent sys tem: ethy l acetate- 2-propanol- water (6:3 : I ) (ref. 27).

Sligar RF

A B

c-Methylxyloside 0 68 0. 59
2-Deoxyri bose 0.65 0 .52
Xylose 0.63 0. 19
Arabinose 0.54 0.21
Glucose 0.48 0.2 2
Galactose 0.40 0.15
Levulose 0.51 0.0 8
Sucrose 0.34 0.20
Melibiose 0.1 8 0.07
Lactose 0.1 8 0.08
Melezitose 0.22 0.09
Raffinose 0.13 0.04

TABLE 3

R, VALUES ' s OF CARBOHYDRATES AND RELATED CO M PO UN DS ON WHATMAN
NO. I PAPER

Solvent systems : A ,c ethy l acet ate- acetic ac id- wat er (9 :2 :2) ; B .~ a 0.55 %solution of dihydroxy­
phenylborane in A.

Compound R,

A B

Erythrose 0.3 1 0.84
Erythritol 0.23 031
Arabinose 012 0.1 1
Arabitol 0.14 0.50
l-Deoxyarabitol 0.45 0.71
5-Deoxyarabitol 0.46 0.85
Ribose 0.25 0.50
Ribitol 0.14 0.48
Xylose 0.15 0. 15
Xylitol 0.14 0·45
Galactose 0.06 0.08
Galactitol 0.07 0.47
Glucose 0.08 0.0 8
Glucitol 0.08 0.45
Levulose 0.11 0.12
Sorbose 0.10 0.16

The selectivity of the sorbent due to the presence of borate ions may be lost
when acid, generally organic, is added to the elution system!". This suggests that the
sugar-borate complexes are less stable in an acidic environment, and that the
complex-formation equil ibrium has little influence on the chromatographic separation.
However, Bourne et al.28 propose that in acid solution the reaction stops at the stage
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TABLE 4

RG AND R F VALUES O F SUGARS AND TH EIR D ERIVATIV ES ON C ELLULOSE C H RO-
MATOPLATES

For solve nt systems, see Tabl e 1. R G :' R,. va lue re lat ive to glucos e.

Carbohydrate MN 300 Chromedia Microcrystalline
CC-4/ ( Av irine)

( RF values)

2 3 2 4 5
_.

- --. ~ ..
L-Ara binose 1 51
o-A rabi nose 1.11 1.45 1.31 1.30 0.46 0.31
Ribose 1.42 1.91 1.49 0.59 0.39
Xylose 1.25 1.60 1.55 1.34 0.52 0.33
Lyxose 1.70
Galactos e 0.90 0.91 0.83 0.93 0.36 0.31
Glucose 1.00 1.00 1.00 1.00 0.39 0.25
Mannose 1.09 1.23 1.15 1.17 0.44 0.30
Levulose 1.30 1.15 1.21 0.29
Sorbose 1.23
6-Deoxygalact ose 1.31 1.44
6-Deoxymannose 1.52 2.10 1.58 0.60 0.46
u-Methy l-o-g alac topyra noside 0.54
p. Methyl-o-ga lactofuranoside C!!I2
p-Methyl-o-galactopyra nos ide 0.56
«-Methyl-n -glucosi de 0.57
p-Methyl-o-glucoside 0.61
p-Methyl-o -a rabi nos ide 0.65
c-Methyl-u -xylos idc 0.70
a-Methyl-o -Iyxos idc 0.75
Sucrose 0.65 0.66 0.64
Maltose 0.38 0. 53 0.42 0.29 0.15
Cellob iose 0.32 0.30 0.25 0.13
Lactose 0.26

- - ---

loses its practical importance becau se these work ers did not compare the separations
with those of the mon osaccharide s which are often present together with the aminic
derivatives in the analytical sample s.

The one-dimensional analysis of oligosaccharides having DP 4-12 can be more
effectively carried out on cellulose chromatoplates . In their study of the enzymatic
hydrolysis of the complex polysaccharides of Agar, Duckw orth and Yaphe'" de­
scribed the one-dimensional separation of the neoagarobioses (DP 2-12) on thin layers
(Table 6). These workers used microcrystalline O.25-mm cellulose layers (Camag,
Mutenz, Switzerland) and solvent systems 7 and 8. After being separated from the
neutral compounds on a column of DEAE-Sephadex A-25 (Cl" ), the ionic oligo­
saccharides of the Agar hydrolyzate s were analyzed on cellulose using solvent system
9 in a single development.

The chromatographic system suggested by Damonte et al.43 requires three
~uccessive elution s, and does not offer very good separation possibilities.

B. Separation 011 silica gel

The complete resoluti on of glucose , galactose, mannose, levulose, sorbose and









TLC OF CARBOHY DRATES 147

Fig. 4. Chromatogram of monos acchar ide mixtures on NaH ,P 0 4-impre gnated silica gel 60 (Merc k).
Solvent system, 28; development t ime, 2 h : spray reagent , NPRoSamples (from left to right and from
the lower part of the chroma togra m) : galactose , glucose, mann ose, fucose, 2-deoxygalactose , 2­
deoxyglucose, rhamnose, d igitoxose ; ara binose , ribose, fucose ; galactose , glucose , fructose , so rbose,
tagatose, 2-deoxygalactose; galactose, mann ose, ribulose, xylulose; galactose ; mannose. F rom un­
publ ished results of Lato et at?' ,

presence of the ammon ium ion s. Thus the neutral mon osaccharides migrate on the
chromatoplate in part uncha nged and in pa rt as their a mino de riva tives, thereby
giving double spots46

-
48

•

Non-impregnated silica gel layers, therefore, seem to be more suita ble for the
separation of amino-s ugars, even if the number of mon oses th at ca n be exa mined by
this method is somewhat limited . Th e study of Gal 49 on the sepa ra tion a nd identifica­
tion of the amino-sugar s galactosamine and glucosamine and th eir N-acetyl deri vatives,

. together with glucose , ga lactose a nd the N-acetyl neu ram inic acid, on a non­
impregnated silica gel layer is noteworthy in thi s context.

As far as the chr omatographic examination of pol yalc ohols is concerned, the
one-dimensional method of Weinstein a nd Sega l'" gave good reso lutio n of so rbito l,
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TABL E 7

R, ·I OO VALU ES OF S UG ARS AND TH EIR DERI VATI VES O N SILICA GEL A N D
KIES ELG UH R LA YERS27

SG.B ~ Silica gel (Merck) impregna ted with 0. 1 M boric acid; SG .P = silica ge l (Merck) impregna ted
with 0.2 M Na H 2 PO. ; SG .P· ~ . si lica gel (Merck) \· 0.3 M Na H 2 PO. ; SG .P · · ~ silica gel (Merck)
+ 0.35 M NaH 2PO. ; KG.P Kieselguhr (Merck) impregnated with 0.3 M NaH2PO•. Fo r sol vent
systems, see Ta ble I .

Carbohydr ate S G.B SG .P SG.P· SG .P· · KG.P

26 23 26 28 28 29 27 48 51

Galactose 20 15 8 22 12 11 12 10 6
Glucose 24 21 12 33 20 21 21 18 12
Mannose 26 27 18 43 28 27 30 26 23
Levulose 12 25 17 4 1 26 26 27 28 23
Sorbose 6 30 18 47 32 33 32 31 29
Tagatose 12 25 34 55 43 43 40 38 4 1
Mann oheptulose 2 1 13 36 27 25 24
Sedoheptulose 22 13 40 30 31 25
Arabinose 25 27 17 42 30 30 28 29 26
Ribose 18 38 32 59 47 46 43 46 44
Xylose 26 39 32 61 49 45 44 46
Lyxose 28 39 35 52 50 48 46 50
Ribulose 3 38 38 62 54 58 48 53
Xylulose 2 45 48 70 65 66 60 61
2·Deoxyribose 46 55 58 75 73 72 66 88 87
2-Deoxygalactos e 36 40 4 1 65 60 58 55 63 68
2·De oxygluco se 45 50 52 72 69 67 62 78 80
Rhamn ose 40 55 58 75 73 72 66 87 87
Fucose 28 34 30 58 51 50 47 60 63
Digitoxose 58 73 75 83 81 82 77

.-.._- --- -

6. TWO-DIMENSIONAL SEPAR ATION

Two-dim ensional chro matography usually implies amphoteric behaviour of the
substances under exam inati on , in the sense that such substances should exhibit distinct
characteristics in the two successive developments, and pr oduce a wide distribution
of spots over the chromatographic plate . Such a requirement is, ob viously , related to
a difference between the so lute-solvent and/o r solute-suppo rt interact ions in the two
successive chromatog ra phic processes, and thi s can be easily obta ined for substances
which are naturally amphoteric, such as the am ino acids and the indole derivatives
that migrate on the chro matoplate both as posit ively charged molecules and negati ve
ions, accord ing to the pH of the elution system. In thi s case the separation depends
on the pK value s.

For non-amphoteric substa nces, such as carbohydra tes, a similar differentia­
tion in the two development s is feasible on the borate-impregnated silica gel layer s
previously discussed. Ju xtap osition of two layers of differently impregnated silica
gel produces a good separation of monosaccharides and their derivatives and oligo­
saccharides, because the migration of the sugars takes place in each of the two layers
according to different chro matogra phic mechani sms. The results obta ined with this
technique are summarized in Table 8. Despite the fact that these separations are inter-
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7. VISUALIZATION OF THE SUGAR SPOTS
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There is a large number of reagents for the detection of carbohydrates on thin
layers and these have been well documented in various papers and re­
views10 , 14 ,3 J ,43 ,44,61 ,62. Here we report only those reagents which, because of their
sensitivity, specificity and capacity for polychromatic staining, are useful not only for
revealing the sugars but also for their identification.

Fig. 6. Two-dimensional chromatogram of mono- and oligosaccharides on tetraborate-phosphate
(0.01 M HJPO. + 0.028 M Na 2B.O,)-impregnated mono-layer of silica gel 60 (Merck). Solvent
systems, 24-30. From unpublished results of Lato et at," ,
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fig. 7. A, RF X 100 values of sugars separated on a sodium tetraborate-sodium tungstate­
impregnated silica gel layer by the neutral solvent 24 (- - -) and by the acidic solvent 12 (---).
B, R,· x 100 values of the same sugars separated on a sodium tetraborate-sodium tungstate­
impregnated silica gel layer (---) and on a non-impregnated silica gel layer (- - - ) by solvent 24.
For description of the sugars, see Fig. 9. From ref . 18.
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-- --_.- --- - -- - -- -.-- - ------ ---- . - - - - _.. - - -
APT" TBA-NPR27 URE27 URE-NPR27 A Mp27 ANp27
--- --- ---_.. ----- ---- --- -_.._.
col. sens. col. sens. col. sens. col . sens, col. sens. col. seils--_._ _. ._--- . ,, __,.,_ _ , ·----·'0-. ,_.,_,.._~_._.

Y 0.5 LgBI 2.0 BI 0.5
Y 0.5 LgBI 2.0 BI 0.5
Y 0.5 LgBI 2.0 BI 0.5
Y 4.0 BrY 0.5 BI 0.5 PuR 0.5 Y 1.0
Y 4.0 BrY 0.5 BI 0.5 PuR 0.5 Y 1.0
Y 4.0 BrY 0.5 BI 0.5 PuR 0.5 Y 1.0

BrY 1.0 Gr 1.5 V 1.0
Gr 1.5 V 1.0

BkR 0.5 LgB\ 1.0 Pu 0.5
BkR 0.5 LgBl 1.0 Pu 0.5
BkR 0.5 LgBI 1.0 Pu 0.5
BkR 0.5 LgBl 1.0 Pu 0.5
y 3.0 V 0.\ BrY 0.5 Y 0.5 B\ 0.5
Y 3.0 V 0.5 BrY 0.5 Y 2.0 B\ 2.0
Y 3.0 BrY 2.0 B\ 3.0 Or 2.0
y 3.0 BrGr 2.0 B1 0.5 Or 2.0
y 3.0 BlGr 2.0 B\ 0.5 Or 2.0
y 1.0 V 2.0 Or 0.5
y 1.0 V 2.0 Or 0.5

BI 0.5 BlV 1.0
B\ 0.5 mv 1.0

Y 2.0
Y 2.0
Y 2.0

BI 0.5

Bl 1.0
BI 1.0

Dimedone'", thiobarbituric acid'" and urea"? form another category of detec­
tion agents which are of considerable interest owing to their selectivity for ketoses,
which are easily detected even at levels of 0.5 /l-g, whilst the lower limits of sensitivity
for the aldoses is considerably higher.

The data necessary for the identification of the spots after their visua lization
on the chromatoplate are shown in Table 9. It should be borne in mind that if the tem­
perature and duration of exposure of the plate to the heat source are not exactly re­
produced, both the colour, essential for the identification of the sugars, and the
selectivity of the reagents may be absent. For example, when the chromatoplate is
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Fig. 9. Two-dimensional chromatogram of urea and sugars of clinical interest on sod ium tetraborate­
sodiumtungstate-impregnated silica gel mono-layer. Solvent systems 24-12. Spots: 1 = 2-deoxy­
ribose; 2 = xylose ; 3 = ribose ; 4 = fucose; 5 = xylulose ; 6 = glucose ; 7 = fructose; 8 = galactose ;
9 = sedoheptulose; 10 = sucrose; II = maltose; 12 = palatinose; 13 = lactulose ; 14 = lactose;
15 = raffinose; 16 = allulose . From ref. 18

visualization. Sucrose has, equally, a chromatographic migration that makes it pos­
sible to trace two ideal straight lines at a tangent to the sugar spot, thereby outlining
a zone (Fig. 9) in which only oligosaccharides are found.

9. QUANTITATIVE DETERMINATION

Two different procedures can be used with reasonable accuracy to determine
well separated sugars on thin layers: (a) analyses in situ, in which the quantitative
evaluation is carried out directly on the chromatoplate after the spots have been visu­
alized with the appropriate reagent; (b) spectrophotometric analyses after elution of
the spots from the solid chromatographic medium .

Of the quantitation methods in situ, those based on visual evaluation of the spots
for comparison with external standards are unsati sfactory because they result in sub­
jective and approximate responses. Densitometric methods are sufficiently exact and
sensitive, although they present some technical difficulties, owing to the irregularities
of the spots and the poor reproducibility of the spray detection technique which in­
variably leads to small differences in the intensities of the spots not associated with
the amount of the sugar being tested. For these reasons, the application of these
methods is limited to the determination of the spots in one-dimensional chromato­
grams70-73.

The spectrophotometric determination of the eluates is more reliable, since the
operations required for this technique, even if relatively long and laborious, involve
less parameters and error. Furthermore, the quantitative determination of mannose
and fructose, the chromatographic separation of which is difficult (Tables 4 and 5),
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APPARATUS

N-887

MACRO PR EPAR ATI VE PG E SYSTE M

Birchov er Inst rum ents ' ma cro prepara tive poly ­
acrylamide gel elec tro phoresis syst em is based on
Brownston e's meth od for the rapid separa tio n of
up to 1.5 g of prote ins (includi ng enzy mes) or
other biol ogical co mpo u nds . Th e sample is
separate d on th e cy lind rical gel (6 or 9 em
diametervS cm high) in to ba nds whic h pass
through th e gel in to a sma ll-volume co llec tion
chamber. Fractions (ty p ically 1-4 ml) arc
automatically co llec ted at pre-set in te rvals in

clean buffer solut ion and pumped d irec tly to a
collection system. Th e system is au tom at icall y
controlled by a high-voltage programmer uni t
which allows varia tions of sample collec t ion time
and of electrophoresis voltages so tha t op tim um
resolution can be obta ined for slow and fast
moving band s.

Vol. 127, No.2

GEL DEST AIN ER

New fro m Gelm an is a rapid destainer that re­
moves exce ss stai n fro m polyacryla mide gels (in
slab or column fo rm ) in a few hours. The Rap id
Destainer (p roduct No . 51 521 ) co nsists of a
plexi glass solven t reservoi r , an electrop horetic
grid wit h sta inless-stee l ele c tr od es, a safety int er­
locking cover, and it s own 25-V power su pply.
Gel slabs are inser ted int o the electrophor et ic
grid for destaining. Ge l co lumns are destaine d in
the gel colu mn templa te acc esso ry , which hol ds
up to 12 co lum ns and is design ed to fi t inside the
ele ctrophore tic grid .

N·S9 6

LC ACCESSORI ES

Packard's LC access ories shee ts Nos. 3501­
350 7 de tai l (with the aid of d iagram s) th e corn ­
pon cn t par ts (togethe r wit h thei r o rdering part
numbers) of the ir LC colu mns and ac cesso ries .
Sheet 350 1 describes th e 1IS-in. co lumn, sheet
3502 the I14-in. co lum n, and so on . Sheet 3507
dea ls wit h the glass colu mn. A selec tio n o f books
dealin g with m ost areas of LC is given in LC ac­
cesso ries shee t 3509.
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