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CHROM. 24 hi3 

Chromatographic properties of chemically bonded bovine 
serum albumin working as a chiral selector in alkaline 
mobile phases 

ABSTRACT 

By chemical bonding of havinc serum albumin to a hydrc>!ytic;dfy stuhle Scparon HEMA matrix. ;I sorhcnt with an excet!cnt lifctimc 
in mobik phases with pl-I g It is abtained. Maximum tckntions of amino acids and scparution sctcctivity OF amino acids and 
monocurboxylic and dicarhoxytic atids on chcmicutty hondcd albumin arc* :\ttuined around pH 9. By pruiongcd nution of slightly 
nIkaline mobitc phases ol‘ pf-1 c 10 to bonded ulhumin, 121~’ separation selectivity of tbc compounds with one crtrbnxytic group (amino 
acids and monocurboxytic acids) decrcsscs whcrras that ordicarhoxylic acids increases. The initial scfcctivity of albumin can be restored 
by mctbunol. At a g&en pH the rate or the changes can bc increased hy I -prapanot or wprylic acid. It was demonstrutcd that towering 
of Ihe clficicnsy of the column packed Gth Scparon t IEMA- BSA with rcspc<t to that packed with the matrix and thr dcpendcncc ofthc 
solute retention on the injcctcd amount of tho solutt’ arc due lo the bonded nlhumin. 
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INTRODUCTION 

Systewts with chemically bonded proteins belong 
to widely studied separation systems in liquid chro- 
matography for the separation ofchiral compounds. 
Compared with specially synthesized chiral station- 
ary phases, protein stationary phases have two 
advantages: they are perfectly chirally stable and 
with a suitable selection of the protein they can be 
considerably cheaper. 

Bovine serum albumin (BSA) is produced in large 
amounts, with sufficient purity and relatively cheap- 
ly. Moreover, albumin [l] interacts more specifically 
with many enantiomers than. r-a_, synthetic chiral 
stationary phases of Pirkle’s type [I]. The enantio- 
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selective properties of BSA as a chromatographic 
chiral selector have been studied almost exclusively 
after bonding of albumin to silica gel. The unsatis- 
factory hydrolytic stability of currently available 
silica gels permits the application only of acidic and 
neutral mobile phases. Therefore, the properties of 
chemically bonded albumin acting as a chromato- 
graphic chiral selector are not known and have not 
been exploited over the whole range ofpH were high 
selectivity of chemically bonded albumin may be 
reached [2.3]. 

High hydrolytic stability typical of porous organ- 
ic sorbents is often observed with packings derived 
from them. For the wide-pore hydroxyethylmeth- 
acrylate polymer Separon HEMA the manufac&er 
guarantees perfect hydrolytic stability at pH 2-12 
141. Investigations of the influence of temperature on 
the enantioselectivity of the sorbent obtained by 
bonding BSA to the matrix Separon HEMA [5] 
revealed perfect s.a,rl.t, t* h’ i v sT the rorbent Separon 
HEMA --BSA at high temperatures in mobile phases 
up to pH 7.5. Hence the stability of this sorbent is 



also assumed to be suffgcient for alkaline mobile 
phases. 

This study attention mainly concerned the enan- 
tioselectivity of the sorbent Separon HEMA-BSA 
at pH > 7. The sorption capacity of the sorbent and 
the lifetime and efficiency of columns lilled with the 
sorbent were also investigated. Experiments were 
performed in order to be able to differentiate the 
contribution of the matrix from that of bonded 
BSA. 

EXPERIMENTAL 

Two sorbents were used: Separon HEMA lOOO- 
BSA (HEMA-BSA) and Separon HEMA IOOO-BIO- 
BSA (HEMA Bl0-BSA) (Tessek, Prague, Czecho- 
slovakia). The sorbents were packed in stainless- 
steel columns (200 x 4 mm I.D.) and in glass CGC 
columns (IS0 x 3.3 mm I.D.) using techniques 
recommended by the manufacturer for unmodified 
matrices of Separon HEMA 1000 and Separon 
HEMA 1000 BIO. For comparative measurements 
with BSA bonded to the silica gel matrix, a commer- 
cial column (IS0 x 4 mm I.D.) containing the chiral 
stationary phase Resolvosil was used (Macherey- 
Nagel, IXiren, Germany). 

Mobile phase was supplied by an HPP 4001 
syringe pump (Laboratory Instruments, Prague. 
Czechoslovakia). The samples were injected with a 
Hamilton (Reno. NV, USA) Model 1801 micro- 
syringe or by the sampling valve. A PU 4021 
diode-array spectrophotometer (Pye Unicam, Cam- 
bridge, UK) or an LCD 254 photometer (Labora- 
tory Instruments) was used for detection. Between 
measurements (overnight) the columns were pro- 
tected by a flow of mobile phase (0.1 mlfmin) or 
stored in a refrigerator at 5°C. If the work was 
interrupted for a longer period. the columns were 
washed with phosphate buffer (pH 7.45) containing 
0.1% (w/v) sodium azide. 

Methanol (analytical-reagent grade) for regenera- 
tion of the enantioselectivity was distilled. Phos- 
phate buffers of pH 2.2-l 1.5, at a concentration of 
50 mmol/l, occasionally with addition of 3% l- 
propanol. were prepared from boiled distilled water. 
The solures from various sources and the chemicals 
employed for preparation of the mobile phase were 
of analytical-reagent grade. The D- or I.-enantiomers 
of the solutes being separated were identified by 
injecting the pure D- or L-form. 

In all measurements the retention time of &he peak 
maximum was considered as the retention time of 
the solute peak. The retention volume of water was 
regarded as the column dead volume. 

RESULTS AND DISCUSSiON 

The selectivity of separation on chemically 
bonded BSA depends substantially on the pH of the 
environment. The buffer concentration and low- 
concentration mobile phase constituents (l-prop- 
anoi. caprylic acid) especially influence retentions 
[6]. Therefore, the mobile phase pH was used as the 
main means for tuning the selectivity. Strong in- 
creases in both retention and separation selectivity 
for tryptophan enantiomers in weakly alkaline mo- 
bile phases with increasing pH have been reported 
f2]. At pH G 7 d issolved albumin very effectively 
retains solutes with negative charge f7,8]. For these 
reasons, we chose D,L-tryptophan, two of its analo- 
gues and several representatives of monocarboxylic 
and dicarboxylic acids as solutes. 

The pH dependences of the retention and separa- 
tion selectivity of D,t-tryptophan and its amphoteric 
analogues, D,t-hydroxytryptophan and n,L-kynure- 
nine, on HEMA-BSA in the pH range 2-11 are 
summarized in Fig. 1. The marked increase in 
retention of the more retained form with respect to 
that of the less retained form in the neighbourhood 
of pH 9 is in agreement with the increase in t!le 
retention of D,t-tryptophan on a sorbent obtained 
by binding BSA to agarose [2]. This agreement, 
together with comparison of the retentions of D,L- 

tryptophan on the sorbent HEMA-BSA and D,L- 

tryptophan on the matrix HEMA (Fig. 2), indicates 
that both the course of the pH dependence of the 
retention and the separation selectivity of n- and 
L-enantiomers of tryptophan can be unequivocally 
ascribed to the bonded albumin. Addition of l- 
propanol to the mobile phase reduced the retentions 
of both I>- and L-tryplophan and the enantioselectiv- 
ity of their separations. The pronounced difference 
in the retentions of o,L-tryptophan and its hydroxy 
derivative agrees with the earlier observation that 
even a relatively small change in rhe solute molecule 
can dramatically affect the retention of solutes or 
even their scparattion selectivity 191. 

The highest separation selectivities in the neigh- 
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bourhood of pH 9 were found also for the dicarbox- 
ylic compounds N -2,4-dinitrophenyl-u,t_-giutanric.. 
dansyl-u,L-glutamicand3-dibentoyl-u.L-tartaricac- 
ids and for the N-benzoyl derivative of [xl_-phenyl- 
alanine carrying one carboxy group. Only the mono- 
carboxylic t,,L-3-irtdolctact~o acid had a sufficient 
separations selectivity in the neutral and slightly 
acidic twbile phases also (Figs. 3 ::r,d 4). 

In measurements requiring slightly alkaline mo- 
bile phases (7 sr~ pH < 10) and lasting as long as 
several weeks. ;L decrensc in the enantiosclectivit? of 
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Fig, 2. Comparison of the dcpcndcncs of the racntion of 
I>.~-tryptophnn on the mobile phase pH for the sorbcnts (0. +) 
Scparon WEMA IOOO-BSA und (A) Scparon WEMA 1OW. 
Crrlumn. MO x 4 mm LD.: mobile phusc. 0.05 m&l phosphate 
huller: flow-fate. F., = 1 !r:imin: amount injected. 5 ~1 
HI.96 mmot I). 

D.L-tsyptophan separation was observed. The rate 
of the decrease is strongly pH dependent. At pH 7.0- 
72 the enantioselectivity changed markedly only 
after several months. whereas at pH 9.5 it decreased 
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Fig. 3. Dop~~dcncc of retentions of carbaylic acids on the PH of 
the mobile phase. Column. Scparon HEMA lODO-BIGBSA, 
CGC ( i 50 x 3.3 mm I.D.): mobile phase. 0.05 maI:1 phosphate 
bulk- 4 3% (v v) !-propimol. (a) 1. 3 =i -~_~~~_~~~~_~.$_-gj_it- 

tamic acid: 3. 4 =i _.. 7 ~-dihcnzoyl-rs.t-Iarlllric acid: 5. h- N-ben- 
r,+ I-l,.r.-~hcn~l;llollinc. t h) 7. H 7: n;lns~l-l,.l.-glut3mic acid: 9. 

IO = 1x8 -2-indolclaotic acid. 
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markedly after 4 days (Fig. 5). Subsequent washing 
of the cotumn exposed to pH 9 with mobile phnsc of 
pH 7.45 did not improve the enantiosclcctivity even 
after 5 days, Treatment with mobile phases of 
pH e 7 was also ineffective, The dccrensed enantio- 
selectivity of the bonded albumin for n,L-trypto- 
phan caused by the alkaline mobile phase was 
restored by washing the columti with methanol for 
24 h. Methanol acted. similarly in restoring the 
decrease in the enantiosebctivity of BSA for tryp- 
taphan caused by increased temperature [5]. 

Immediately after washing of the column with 
methanol, the cnantioseiectivity of the bonded USA 
for D.t-tryptophan was higher than that of the 
bonded BSA tested after delivery of the column by 
the manufacturer (new column). During the separa- 
tion of r>,L-tryptophun in the mobile phase of 
pH 7.45 on the column treated with methanol, its 
retention and separation selectivity decreased mark- 
cdiy during the first 24 h. The rate of the decrease of 
both characteristics dccreaed with the time of 
action of the mobile phase pH 7.45. After 4 days the 
decrease in retention and selectivities caused by 24 h 
of action was compurable to the measurement error. 
The retention and selectivity were higher in this 
“htikble* state than those of a new solemn. 



the column with bonded BSA for n,r.-tryptophan 
separation decreases is identical with that in which 
albumin in aqueous solution creates a special co- 
valentiy stabilized conformation labelled the A 
(ngcd) form [t&f I]. Under the assumption thnt the 
chemical bir;ding of albumin to a support does not 
fully rule out a capability of the bonded molecules to 
respond to alterations in thts liquid environment by 
changes in spatial arrangcmcnt (conform~~tiol~), one 
can explain the observed change in the cnantioselec- 
tivity of x>,L-tryptophan sepa,\nltion by the formation 
of a conformation of the bonded RSA analogous to 
the A form (“ageing”), 

For control of the retetrtions of some types of 
solutes, I-propanol and caprylic ions are used. Their 
influcncc on the aging of bonded BSA were tested 
at pH 8.22 and it was fo\md thnt 3% (v/v) of 
I-propanol accelerates the ngeing about twofold. lf 
caprylic acid at a concentration of 5 mmoi/l is added 
to a mobile phase of pH 8.22 containing 3% (v/v) of 
I-propanol, after trwttnent with this mobile phase 
for 8 days the chemically bonded BSA completely 
loses its ability to separate o,it-tryptophnn. In the 
same mobile phase without caprylic anions R., = 4 
after 8 days. Caprytic aniofls. therefore. act similarly 
to I-propanol or even they exhibit :I synergic effect. 
Such an influence of cr;rprylic anions is surprising as 
caprylic acid is gncrally used 3s an additive stabi- 
fizinp albumin aguinst changes induced by incrctlsed 
tetnpctxture [I 2 141. 

TABLE I 
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The cnantioselectivity of bonded BSA decreasd 
bp mobile phuse containing t-propunol or I-pro- 
panol and caprylic anions may be restored by 
methanol. Similarly to the &feet of phosphate 
buffers of 7 < pH r: IO. thcsc cycles, even if rc- 
peated. did not induce irrevcrsiblc changes or the 
permanent loss of the enantiosclcctivity of the 
sorbent. From the chrom~~to~mphic point of view. 
bonded BSA always returned to the same state. 

The ‘“aging’” of bonded BSA in alkaline medium 
and subsequent treatment of the column with meth- 
anol did not have the siimc effect on the separation 
selectivity of all the solutes applied. The separation 
selectivity of dicarboxylic acids increased owing to 
the “ageing”. whereas the separation selectivity of 
monacarboxylic acids decreased (Table t). Bwuusc 
of the action of methanol. the sepurution selectivity 
increased for the monocarboxylic acids (similarly as 
for n,t-tryptophan), whereas it decreased below the 
initial value for the dicarboxylic acids. No separa- 
tion at all took place with dibenzoyltartaric acid 
after the treatment with methanol. When, however, 
the mobile phase of pH 7.45 was used for condi- 
tioning of the column treated with mcrhimol. the 
enantioselectivity became gradually re-established 
(Fig. 6). 

The experiments on the effect of bonded albumin 
“ageing” and regeneration of its selectivity by 
methanol shov: that in addition to the regulation of 
the sepsration cnantioselectivity by changing the 
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Fig. 6. Scpwation of 2.3-dihcnzoyl-o.L-tartaric acid in 0.05 m&l 
phosphate bulk (pH 7.45) with addition of 3% (v:v) of 
Iqxopanal. (a) Fresh cofuma; (b) after “agein~:” of the column in 
mobile phase of pi4 8.22 + 3% (v!v) of I-propnnol: (c)48 h after 
rqcncrution of the column; (d) 72 h after rcgcncration of the 
column: (c) 96 h after rcgcncration of the column; if) I92 h after 
mgencration of the column. Column. Scparon HEMA itlOO-BIG 
BSA CGC (150 x 3.3 mm f.R.j, 

albumin charge by means of the pH of the cnviron- 
ment. th~reexistsanadditional possibility. probably 
the inllucnce of the bonded albumin conformation. 
Clur ideas on the role of BSA charge and conforma- 
tion. permitting a consistent qualitative explanation 
of the eCfccts and dcpendenccs rcportcd here, wilt be 
the subject of a separate paper. 

A character& feature af analyses on sorhcnts 
prepared by binding BSA to it silica get support is the 
dependence af the retention voiumc of the peak 
maximum and the asymmetry of the peak on the 
amount injected [I .2]. Similar behaviour was ob- 
served using D,t-tryptophan a? a solute chromato- 
graphed on columns packed with sot-bents with BSA 
bonded to the hydroxyethy~metha~~~a~e matrix 
(Fig. 7). As can be seen from the comparison with 
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Fig, 7. Dcpcndcncc of capa&y iktars on the amount of 
at.-tryptophnn injcctcd. Sorbcnt. II = Separan I-IEMA 1000 
@l-l 7.4): _‘,O = Separon HEMA 100%BSA (pf-i 7.08): A = 
Scparon HEMA lOOO-BSA (pH 7.45). Mobile phase. 0.05 m&l 
phosphate b&et witit pH iIS indicutcd. r = I>-‘fryptophan: 
@ = L-tryptophan. 

dcpcndences measured on the matrices HEMA and 
HEMA BIO. the non-linearity and the increase in 
the non-linearity of the t-isomer with increasing 
retention must bc ascribed to the interactions be- 
tween the L-isomer and the bonded albumin. 

The binding of BSA to the silica gel matrix 
reduces the cfftcicttcy of the silica gel-based columns 
[Is]. Our measurements show a significant decrease 
in column efficiency caused by the binding of BSA to 
the HEMA matrix also (Fig. 8). The column cffi- 
cicncy is low also when the Iincar velocity of the 
mobile phase is very close to that rcprcscnting the 
optimum linear velocity for silica gel-based sor- 
bents. A comparison with Rcsalvosil (BSA-silica) 
shows that the efftciency of the silica g&bascd 
sorbcnt issubstantially higher. With a rcduccd linear 
velocity below 5, the efliciency of the Resolvosil 
column for the tGsomcr is cvcn better than the 
cffticicncy of columns packed with HEMA or 
HEMA-BIO supports. The cfliciency of columns 
packed with HEMA-BIO-SSA and HEMA BSA 
did not differ within the limits of accuracy of the 
mcasurcments. 

The dcpendcnces of H/r/, on the reduced linear 
velocity of the mobile phase for r>-tryptophan 
mcasurcd on the Resotvasil and HEMA-BK--BSA 
are parallel (Fig. 8). The same holds for the dcpcn- 
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Fig. 8. Dcpctlcicncc or‘cllic~~~y of u.L-ttyptophnn scpiwtiun on the rcduccd linear flow-rntc of the mobile phnsc. Mobilu phase, 0.05 
mol/l phosphate buffer tpli 7.45). Column. 2? = Scparon HEMA iOO0: A = Scpnron HEMA IOOO-BIO: f3. II = Separon HEMA 
1000~810-BSA: 0.0 = Rcsolvosil. 

denccs oft-isomer at reduced velocity I’ > 18. In this 
range, (for any 1’ > 18) d/Y/cl, measured on the 
sorbents Resolvosil and HEMA-BIO-BSA for the 
Gsomcr also agrees with d H/ri;, for the D-isomer 
found on the same sorbcnts. This indicates that the 
matrix HEMA contributes to the low efficiency of 
the columns. During cfficicncy measurements the 
optimum linear mobile phase velocity for HEMA- 
based columns was never approached. This suggests 
that the reduced optimum linear mobile phase 
velocity of the HEMA matrix may bc well below 
that of the silica gel. 

The matrix HEMA gives a sorbcnt of high 
hydrolytic stability and lifetime. During running of 
one of the columns for 18 months no loss of 
enantioselectivity was found. The pH of the mobile 
phase varied in the range 2- I I and as much as 5% of 
I-propanol was added to the mobile phase. The 
decreased enantiosclectivity was repeatedly restored 
by washing with methanol. The efficiency of the 
column decreased by about 30% in the course of this 
period. 

CONCLUSlONS 

Comparison of the cnantiosclcctivity, cfficicncy 
and sorption capacity of columns packed with 
sol-bents prepared by bonding of BSA to the organic 

polymeric matrix with those measured on columns 
packed with the matrix, demonstrated on the exam- 
pleofn,t-trytophan,enabled theinfluenceofbonded 
BSA and the matrix on the measured dependences 
and characteristics to be resolved. It has been 
demonstrated that bonded BSA has a high selectiv- 
ity for u,L-tryptophan in alkaline medium and that 
with bonded BSA a high cnantiosefcctivity can be 
obtained not only for some other amino acids but 
also for monocarboxylic and dicarboxylic acids. The 
shape of the pH depcndences of the retentions and 
the separation enantioselectivity was characteristic 
for each group of compounds. This indicates the 
dominant infl ucncc of ionized functional groups on 
the enantioselective retention of the solutes. 

Changes in separation enantioselectivity induced 
by long-term action of slightly alkaline mobile 
phases showed that the influcncc of pH on the 
enantioselective properties of chemically bonded 
albumin is complex. Rapid (immediate) changes are 
undoubtedly caused by the influence of the pH of the 
medium on the albumin charge. Slow changescan be 
explained only as consequences of conformational 
changes having the same course as with dissolved 
albumin [I I]. but probably with a lower rate. The 
influence of methanol and the following slow 
changes in both the retentions of diffcrcnt types of 
compounds and the enantiosclecti\ity of albumin 
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for these compounds  in mobile phases  with pH > 7 
can be  considered to be  a consequence  o fconfo rma-  
tional changes also, Experiments explicable only if 
conformat ionai  changes o f  b o n d e d  albumin are 
considered demonstrate  the impor tance  o f  the con- 
format ion o f  albumin for its act ion as a chiral 
selector. There is no reason to p resume that confor- 
mat ion will be important  only for  the enantioselec- 
tivity o f  BSA, On the contrary,  it must  be assumed 
that the conformat ion and conformat ional  variabil- 
ity o f  any biomacromolecule  will be important  
propert ies  in any analytical applications,  

For  l -propanol  and caprylic anions as minor 
componen t s  o f  the mobile phase, it is impossible to 
establish on the basis o f  the described experiments 
whether  they affect only the rate o f  conformationat  
changes or  if they have any further influence. 
However ,  it has been demons t ra ted  that the depen- 
dence o f  the retentions o f  solutes on the volume 
injected and the low efficiency o f  the columns are 
inseparably connected with bonded  BSA. 

There are three possibilities for  the construction 
o f  the BSA-bonded sorbents  having both an effi- 
ciency comparable  to that o f  present-day silica gel 
sorbents  and acceptable durabil i ty up to pH I0: (i) to 
improve the mass transport  in the particles of  the 
matrix H E M A ,  (ii) to select a more  suitable organic 
matrix than H E M A  and (iii) to test the durability o f  
sorbents  prepared by bonding BSA on the matrix 
from high-purity silica gel: such a matrix provides 
reversed-phase sorbents of  remarkable  stability in 
mobile phases up to pH 9 [16]. An interesting 

al ternative is particles o f  a lumina protected by a 

cross-linked polymer [17]. 
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