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The eluti~n bands of acidic and neutral amino acids of protein hydrdysates, 
emerging f!m the CO~EIII of a ation<xchange resin cross-linked with pure I+ 
divinylbenzene, are narrower than those from a resin prepared from styrene gnd 
technical divinyfbenzene. As a result of these narrower bands, a mctre complete 
resolution of the critical pairs honine-se&e, glycine-ala&e and tyrosine-phenyl- 
&nine is obtained. The most probable reason for the narrower elution peaks is the 
more rapid difl3sion of the exchanged components through the bulk of the resin as 
a result of a more regular arrangement of cross-&&ages in the cation-exchange resin 
prepared from nr-divinyIbenzene. 

- 

The matrix of the cation-exchange resins that are used for the separation of 
an&o acids according to the Stein and Moore method is formed from a styrene- 
divinylbenzene (DVB) copolymer. The cross--linking comonomer (te&kaI-grade 
DVB), as is well known, is not a single compound but contains, in addition to m- and 
p-divinylbenzene, other monomers (e.g., ethylvinylbenzenes) and aiso components 
(Eainly &ethylben.zenes) that do not polymerize but that affect the properties of the 
cc noIymer_ 

Of m- and I-di\iny&enzene, the former isomer is considered to bz a more 
SI table cross-linking agentEm because, owin, = to its lower reactivity, which is similar 
tc that of s&re&, it creates conditions for the formation of a copolymer with a more 

u&r arrangement of cross-linkages. Nevertheless, even v&h the copolymer of 
Tene and nt-DVB, structural inhomogeneities have been reported-‘, resulting from 
dependence of the reactivity of the second double bond of divinylbenzene (the so- 

‘ed “pendant” vinyl) upon conversion durin, p the polymerization. From this pdrzt 
Gew, the marked differences in the structure that it is sometimes suggested exist 
Yeen the two copofymers” seem not ro be szffkiently established. 

Several workers’+ have mentioned the possible consequences that the com- 
Son of divinyfbemene might have upon the resolving ability of the cation- 
Sange pLs& during the separation of amino acids. However, no experimentaf 
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evidence was @yen. Zuev ef al. ~3 synaesked resins based oo sty-zene-nz-DW3 ad 

sqrene-p-DVB copolymers f3ilt Ehev did not compare them with the standard rek in _ 
the chromatography of ~mi~~o acids. ~fris eocouraged US to attempt to solve the 

problem by comparing the performance of two resins, cross-linked by the same 
amounts of technic&grade DVB and m-DVB, in the separation of acidic and neutral 

amino acids present in protein hydrolysates. 

The resins for comparison were prepared by stilphonation of 2 suspensfon of 

a copolymer of styrene au 2 diviny2be,zzene (8.5 %, w/w) urrder identical co~ditio&‘. 
The crosslinking agents were as follo&. Technic&grade divinylbemene (Dow 

Chem., Midland, Mich., U.S.A.) contained nz-dltinyibenzene (45.0 %I, p-divinyl- 
bemene (16.4 %), m-etbyIuiilyibenzene (27.9 “/,I and p_etHyfuinylbenZenl (5. I “/,I, the 
balance be& dietiryfbenrexs, styrene and xylenes. m-Dikylbenzeae fK 22 K Labs., 
PIaimkw, NY., and Hollywood, C&f., U.S.A.) contained m-divinyfbenzene (94. f %) 
and p-divinylbenzene f3.3 T/& the bakmce being ethyluinylbezxenes, sqrene. diethyl- 
benzenes and xylenes. 

The cation-exchaoge resins were _mded by hydrodynamic classificatiori 2nd 

heir Basic propezties were v&u&y identical 2s can be seers from Table 1. Lord azd 
Stttderit tests proved that tile diEerences betweerr the individual Lmean values were 

not statistIca!ly sig&kant. The exchange capacity and water regain (relative to the 

M’ formsj of the resigs wzs determined according to Cze:hoslovak StandardP. 
Meao partic!e sizes and their standard deviations were deter.tined by a microscopic 
method by ~Ia~s'J~lng a mini~mun of 3W particles into size groups of range 1 ,,um. 

An automatic 2,also add anziyzer, Type &%A 882 (Mikrotecchna Co., Frque- 
Modfany, Czechoslova”kia) was rrsed with 60.0 x 02 cm cofumns. Sodium citrate 



iESUL-Ei _4ND DESCUSSION 

As criteria for the resolving efEciency of the resins prepared from technical 
_ZVB and from nr-DVB, the following parameters were employed: eh&on peak 
~.idtks: differences In peak elutiorr volumes and therefrom the resulting degree of 
resolution of pairs of amino acids that are diEcult to resolve, Le., threoti~e-setinPe, 
&Sue--alanine and tyrosioe-phenyfaIanieJ analysis time expressed by ^&e elution 
time of the East amino acid of the standard series (phenylaIanlne); and the pressure 
in the ckromatographic column. These critetia are affected by numerous factors, 
some of wkich kave already been described, others being considered for the 6_rst time. 
It is known that tie revolution of amino acids is affected by the properties of the 
cation-exckange resin, srtck as mean particle diameter and its vatianceL3, the degree 
oF cross-linking of the matrix ‘*I3 the reaction conditions under which the exchange , 
group was introduced into the matrix”, the degree of extraction of non-cross-Iiriked 
polymer from the resin, and the concentration of frrnctionaI groupslJ. Also, long-term 
experiments revealed statistically signiiicant effects of the condition of the apparatus, 
of the fluctuation of the separation conditions and, in some instimces, of the packing 
of the resin; bed (arrangement of particles) prevailing in the particular working cycle. 

Under tkese circumstances, in order to be able to distinguish exclusively the 
cfi& of tke structure of the resin matrix, deten-nined by the character of the cross- 

Iinking monomer. upon tke separation criteria sefected, comparative experiments 
were arranged in suck a manner that cation-exchange resins of identical properties, 
prepared under identical conditions, were used. These resins were filled into both of 
the tong Coh.m~ns of the analyzer, the same standard amino acid mixture was loaded 
OB both CO~IIIK and the same bufTers and regenerant were introduced alternately. 
A: the h&f-point ofthe series of experiments, f&e ie&S in both columns were mutual@ 
ex:kange& fn this way, all of the factors that affect the resolution were maintairied 
EF 1 same and the effect of the cofun-3 packin, o conditions was also reduced. The 
p: ameters of ~sohtion obtained are given in TabIe If. The %nificance of tke 

‘erences in the mean criterial values obtained witk the resins beicg compared was 
lusted by the Stcdent’s f test at p = O_OL 

From the comparison with the critical v&e of f, it foHows that aEI of the 
zences between the resotution criteria investigated. with exception of the differ- 
::s in the elation volumes of &cine and aia&ne and the anaiysis time, are statisti- __ 
jr sign&ant. Tke following conclusions on the behaviour of the two cation- 
lange resins ir, the separation of amino acids ca11 therefore be drawn: 

(I) Bands of amino acids eltlted from the corumo packed with the m-DVB 
IT are narrower that those of the resin cross-linked with technical-grade DVE3. 

(2) With the nz-DW resin, difference in the peak elution volume of tk=Onine 
se&e is less than, tfiat of glycbe and alanine is eqd TV and that of tyrosine and 



2.145 + 0.065 

3.954 & 0.273 
0.597 & 0.038 
OAS? & 0.023 
3.079 = o.io9 
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- 0.023 
- 0.097 
- O.ifS 
A- osfx 
f 0.830 
- 0.093 
- &OS5 
f IA76 
-1-79 
t 0.9 

* r/z is the e&don vohme orCcomponss 2; ~~ is 2 p&k ha&vi&hat the point oEini%etion; R,,, is thexi 
lution of components a a.n_d b; R,., = V, - Vb/cil + cb; t, is the et&on time of component a. 

** The critical values of the Student’s t test zre rO.10 = 1.72I 2nd tg.ot = 2.831. 

phenylalanine is greater than the corresponding values with the resin prepared from 

technical-grade DVE. 

13) The narrower elutioir peaks obtained with the tt-r-DVB resin kave a positive 

effect on the reset&x. This elect is partizlly impaired by tke smaller difierences In 

the peak elutioo ~olu-mes of threenine 2nd serine. Neuertkeless, the R values of al 

tkree critical amino 2cid pairs foirnd witk the nz-DVB resin are mzrkedfy greater 

thzn those -with the standard product. The pairs gtjicine-alanine 2nd tyrosine- 

pkenylafatiine are completely resoived by the *EZ-DV% resin. 

(4j The ana~ysls time of the standard amino acid mixture is the same witt 

botk resins. 

(5) The hydrodynamic resistance of the rr,-DVB resin is slightly l&er ear: 

t&t oftie sEandard resin. The difference fmnd is, however, st2tisticalIy less significan _ 

ihan with L&e oiker criteria of separation. 

Iz order to Zustrate the resofutioo obtained with the fn-DVB resin, 2 typic2 

ckromato,~m cf the standard amino acid series is given b Fig. I. 



Fig I. Resotution of a standard series of acidic and neutnl amino acids OR the m-DVB resir~ 

As Identicz4 coiumns, identical flow-rates of eluents and resins of the same 
particle size distribtition were used in this comp2rison, the factors A, 2, 2, U,, d, 
and Fz must be constant in bcth experimental runs. The differences in the elution 
band widths found with the fzwo resins must therefore be attributed to the distribution 
coefFicient, Kd* and tu the solid-phase diffusion coefficient of the components, D,. 

Alfho~gh the distribution coefEcients of some pairs of amino acids apparently 
difier, the narrowiq of the elution bands of all amino acids of the standard series 
found with the m-DVB resin cannot be expIzlned by this difference. The narrowing 
of peaks must therefore be caused by higher vafues of the diffusion coefficients in 
tie resirr phase_ The accelerated transport of the components chat take part in the 
e-:change is in agreement with the more reguiar amngement of cross-linkages in rhe 
r atrix of the resin prepared from pure m-DVB. 

The cause of the difierences in the distance between the eMion bands if the 
c iumn sizes are identical is, accordin, = to the irrterpretation of Hamiltonf3, the 
d &eat af&&ies of the two resins for the amino acids tested. IQ view of a DBXR~ 
f per by Wifeyxq who reported on the dBerent seIedivities of cation-exchange resins 
b sed on styrene-tiz-f)VB and styrene-p-DVB copolymers, this fact is not very 
s .-prislng. 
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