
JairMc of Ctironrcmgraphy, 185 (1979) 429+f4 
@ Ers.e* scientifc publishing Gxzqxmy, Amsterdam- printed in Ttre Neth~ds 

HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY OF AMINO ACIDS, 
PEPTIDES AND PROTEINS 

XX’. INVESTLGA~ON ;Z)F THE EFFECT OF pH AND ION-PAIR FQRMA- 
TION ON THE RETENTION OF PEPTIDES ON CHEMICALLY-BONDED 
HYDROCARBONACEOUS STATIONARY PHASES 

MILTON T. W. IYEARN” and BORIS GREG0 

hmtatwpathoiagu Research UK& Me&ad Research Comcil of New Zeahd, University of Otago 
Medial Sckool, P.O. Box 913, Dane&n (New Zealand) 

and 

WILLlAM s. HANCOCK 

Department of Chetitry, Biochembrry and Biaphysics, Massey Uaiversiv, Pabnerston North (New 
ZeahdJ 

SUMMARY 

The efkts of different anionic and c&ionic reagents on the retention of a series 
of dipcptidcs chromatographed on FBondapak C,, reversed-phase supports are de- 
scribed. At low pH, hydrophobic anionic reagents result in increased retention of 
the peptide samples whereas hydrophobic cationic reagents cause decreased retention. 
These trends can he explained on the basis of either ion-pairing or ion-exchange 
interactions of the reagent with the protonated peptide. Equations based on the @and 
adsorption model for ion-pair reversed-phase chromatography accurately describe the 
dependency of the capacity factor on the counter-ion concentration as web as on the 
pH_ Hyperbolic and parabolic dependencies of the capacity factor bn the counter-ion 
concentration were observed depending on the hydrophobic nature of the counter- 
ionic reagent. For short alkyl chain reagents, ion-pairing formation appears to govern 
retention whereas for long chain reagents ion-exchange mechanisms dominate. A local 
miuimum in capacity factor occurs when the pH of the mobile phase corresponds to 
the pI of the peptide. Although it is possible to predict elution conditions based on 
pH from a minimum set of capacity factor and pH measurements for closely related 
peptides, such as those present in a crude synthetic preparation or in a fraction 
isolated from natura! sources, there is little practical advantage in using pH variation 
as the sole method to infiuence sehzctivity. However, large selectivity differences can 
be easily achieved by the addition at suitable pH of low concentrations, e.g. 5 mM, 
of suitable reagents that can either undergo ion-pair formation with the peptides or 
modify the stationary phase to a dynamic ionexchanger. These methods can be 

‘ForFartXlXqseeref. 17. 
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rigorously used to establish critcxia for the homogeneity of peptides analogous to 
those based on thin-layer chromatography in several different solvent systems. Their 
value in the analysis of proteoiytic di&sts of proteins is discussed_ 

INTRODU~ON . 

When high-perfoormance liquid chromatography (HPLC) was introduced as 
an analytical tool, it was soon rccognised that this tezhniquc had the potential to 
aUow the selective and rapid sepaztion of natural amino acids, as well as peptides 
of various mokcular weights. Early application of HPLC to the analysis and isolation 
of underivatised peptides and proteins using polar adsorption supports, liquid-solid 
or liquid-liquid reversed-phse partition systems, aithoug& encounging, were fre- 
quently associated with poor resolution, lack of reproducibility and low recoveries. 
Over the past several years, reversed-phase liquid cbromatograpbic methods have 
attracted the most attention. The microparticulate bonded phases, in particular, have 
gained rapid acceptance due, in part, to their stability and consequential advantages 
of high column efficiency and good reproducibility when associated with water- 
alcohol or water-acetonitrile elution mixtures. To be of general application in peptide 
and protein chemistry, HPLC techniques must be able to take into account several 
prac&al considerations. First, wide structural and functional variation exists with 
amino acid derivatives, and the separation methods should have the potential to 
distinguish not only major differences in composition and sequence but also minor 
changes, e.g. an amino acid replacement or deletion. Secondly, the elution conditions 
must be compatible with high sensitivity detection systems since many natural peptidic 
molecules are available only in trace amounts, Obviously, chromatographic condi- 
tions which optimise the electrostatic, hydrogen bonding or hydrophobic interactions 
of the solute molecules with components in the mobile or stationary phase wilI 
determine the case of a separation. In recent publications14, we have explored several 
strategies for the analysis and isolation of underivatised amino acids, peptidcs and 
proteins from natural and synthetic sources. These studies, as well as reports from 
other laboratoriesS12, clearly demonstrated that the separation of peptides and pro- 
teins using ion-pair reversed-phase HPLC systems is a practical and very rapid 
Zternative to conventional techniques of analysis or purification, e.g. thin-layer or 
‘ion-exchange chromatographic techniques. 

Selectivity in chromatographic separations is mediated by diEercnces in the 
distribution equilibrium of the anaiyte molecules between the mobile and stationary 
phases. However, secondary equilibria between the analyte molecules and components 
present in the mobiie phase can dramatically influence the retention characteristics. 
For example, in a recent pa_per13 we compared the e&c% of moderately hydrophobic, 
e.g. hexanesulphonate, and extremely hydrophobic, e.g. dodecylsulphate, and hydro- 
philic ion-pairing reagents on the retention time of a group of argininyl peptides. 
Major selectivity diEerences were noted with these compounds consistent with the 
involvement of different retention mechanisms depending on the nature of the ion- 
pairing reagent_ Besides the participation, under suitable conditions, of ion-pairing 
equilibria, protonic equilibria in the mobile phase also have a pronounced elect on 
the retention of underivatised peptides with ngn-polar stationary phases. In order 
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RESULTS AND DISCUSSIONS 

Effect of pH on k’ 
Simple dipeptides with no ionogenic sidechains w-ill ionise according to 

+P 

r R R’ 
i &, + 1 I- ’ 

H,N-CH-CONH-CH-COOH + Hz0 e H,N-CH-CONH-CH-CO, f H$ 

R R R R’ 
f ! ! - &I I I- + 

H3N-CH-CONH-CH-CO2 + Hz0 w H,N-CH-CONH-CH-CO, + H,O 

and the change in the capacity factor for such compounds as a function of pH is 
given byy*2o 

k’ = 

k. t kl (F) f kz (&) 
(1) 

where ko, kt and k2 are the capacity factors for the isoelectric (zwitterionic), cationic 
and anionic forms, respectively, and KaI and &, are the respective ionisation constants 
for the two steps in the ionisation processes. The amino acid side-chains, R and R’, 
have only a small effect on the ionisation equilibria when they contain no ionisable 
groups. However, these side-chains will contribute to the relative hydrophobicities 
of the peptides, and their effect can be directly described in terms of hydro- 
phobicity fragmental constants cr other tcpological indices19_ For peptides that con- 
tain additional ionisable centrcs, the fundamental equation relating ffie capacity factor 
to pH must be expanded_ Thus for the series of dipeptides of the type X-Tyr used in 
the present study the relationship between k’ and pH can be expressed as 

where k,, k,, k, and k3 are the capacity factors for the isoelectric, cationic, anionic 
and doubly char& anionic species, respectively, and Kar, Kti and KS are the three 
ionisatioa constants. This equation predicts a progressive increase in capacity factor 
as the pH is lowered below the pl value of the peptide. When the pH and p1 become 
coincident a local minimum occurs. Only at pH values greater *&an 8 will the ionisa- 
tion of the.phenolic group signikantly influence the retention. For peptides con- 
taining amino acids with additional ionogenic side-chains, an additional term is re- 
qukd in eqn. 2 for each ionisable centre. The dependency of the capacity factor of 
a polypeptide on pH can thus be written in terms of a polynomial expression in terms 
of pH and pK,, ___ pK,_ Any change in the ionisation state of free carboxyt or amino 

groups will result in a variation in k’. 
The general form of eqn. 1 has been shown to be valid for the adsorption of 
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weak otganic acids, weak organic amines, amino acid and ~monoprotic phenol 
derivatives7~10=20. Fig. 1 shows the plots of the experimentally determined k’ values 
on @ondapak C,, cohumns of the X-Tyr peptides as 2 function of pH at constant 
ionic strength and mobile phase composition. Because of the chemical instability of 
fcBondap& C,, columns at pH values greater than 7.5, a pH range of 3.0-7.2 was 
used_ These resu&s are very simiiar to those observed for amino acids OQ @on&pak 
G, supports, as weli as for the retention characteristics of amino acids and peptides 
on Amberlite XAD4 and XAD-7 reversed-phase adsorbants’. The observed plots 
for the X-Tyr peptides, as well as those reported for tetra-alanine and triglycine’ 
over the pH range studied, closely follow that predicted by eqns. 1 and 2 with focal 
minima in k’ occurring near the isoelectric point. As the hydrophobic character of 
the side-chain increases, there is also a progressive increase in retention with k’ for 
the X-Tyr peptides changing in the order X = Leu > Pro > Aia. It is noteworthy 
that at pH 3.0, Giy-Tyr was lunresotved on a ~Bondapak C,, column from Ma- 
Tyr. With a series of related peptides, large selectivity differences generally arise as 
a conscquence of major changes in the hydrophobic&y of the side-chains, with pH- 
dependent efkcts involving the a-amino groups having only a secondary influence. 
For example, the presence of a Iysinyl residue in a peptide will rest&, at low pH, 
in an additional c&ionic charged centre due to protonation of the ~-amino group. 
This will have the effect of d ecreasing the hydrophobic&y of the lysinyl peptide rel- 
ative to, say, a glycine analogue, and result in a shorter retention time. The converse 
will appIy to peptides with acidic amino acid residues, e.g. aspartic acid, where 
protonation at low pH will cause ionic suppression of the carboxyl groups leading 
to enhanced retention_ As can be seen from Fig_ 1, there is a decreased column 
selectivity for the peptides X-Tyr as the pH is increased from 3.0 to 7.2. This observa- 

k’ 

I 
I 

Fig 1, Capacity factors for the X-Tyr pepticks on a.&ondap& Glcr reversed-ptie column as a func- 
tion of pK The eIuent was 5 oA methanol-95 oA water-5 mM &PO. tritrz~ti to the approprizte pH 
with NaOEI, at a Bow-rate of 2 ml/min. 
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tion is consistent with our early studies1*f1 with peptides related to angiotensin and 
other hormonal peptides, and with complementary data obtained by Kroeff and 
Pietrzyk’ with X-?he dipeptides separated on Amberlite XAD-2. Krummen and 
Frei6 have also noted a similar trend with nonapeptides related to oxytocin. These 
results suggest that, although it is possible to predict the ehttion conditions based 
on pH from a minimum set of k’ and pH measurements, there is little practical 
advantage in using pH variation for the separation of closely related peptides. One 
method by which large selectivity diEercnces can however he achieved, is the addition 
to the mobile phase of low concentrations, C.Q. 5 mA4, of reagents that can either 
undergo ion-pair formation with the peptides or modify the characteristics of the 
stationary phase. 

Effect of ion-pair formation on k' 
Sewe_ml fundamental mechanistic models for ion-pair chromatography cn 

normal and reversed phases have recently been proposed in crder to describe quan- 
titatively “ihe influence of the nature and concentration of the counter-ion, the phase 
volume ratio and the physical properties of the stationary and mobile phases. Con- 
ceptually, these models are based either on partition or on adsorption processesls~u. 
In the first case, solute retention is assumed to be related to the stationary phase 
volume through the partition coeflicient, whereas for the second case, solute retention 
is related to the tctal interfacial surface area through the adsorption coefficient. The 
c-urrent surge of interest in reve_med phase ion-pairing techniques with chemically 
bonded non-poiar phases bas bigbligbted several important considerations as far as 
the relevance of ion-pair extraction theory to ion-pair chromatography is concerned. 
One important requirement of the liquid-liquid partition model is that the stationary 
phase ‘behaves as a bulk liquid. Recent theoretical and experimental studies, par- 
ticularly by Horv&tb and bis co-workers 18*20, have indicated that the partition model 
is inappropriate for chemically bonded reversed-phase systems, because the attached 
hydrocarbon will have restricted translational and rotational degrees of freedom 
compared with an unbound non-polar phase and, in addition, will have an effective 
film thickness simiIar to a monolayer. Solvophobic theory, as originally developed 
by Sinanoglu”, can be adapted to describe quantitatively in thermodynamic terms 
the interaction of solute molecules with hydrocarbonaceous moieties bonded to porous 
silica particles’~:. In this treatment, the capacity factors can be directly related to 
the equilibrium association constants of a family of binding interactions between the 
charged solute molecules, the counter-ion and the immobilised non-polar ligand. 
These interactions are assumed to occur independently and reversibly and to be due 
to hydrophobic and not electrostatic or hydrogen-bonding effects. Under these 
conditions, the interaction of a cationic solute with an anionic counter-ion to form 
a neutral complex that can be adsorbed to a non-polar li,oand, chemically bound 
to an inert support, will result in a modification in the capacity factor as given by 

(ko + PM 
k’ = (1 f Km) (1 f K3lx.w (3) 

where k. is the capacity factor in the absence of the counter-ionic species B, and Kz, 
KS and /? are association coastant terms describing the phenomena_ (For the deriva- 
tion of this equation and a discussion of the significance of &, & and /l see refs. 
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18 and 22.) If’ the direct binding of the counter-ion to the non-polar @and (thus 
generating a dynamic liquid ion-exchanger) is not significant, i.e. K,[B] < 1, then eqn. 
3 simplifies to 

The foregoing considerations assume that the counter-ion interacts stoich.iometrically 
with a strong cationic electrolyte. In general, peptides will only exist as strongly 
cationic species when the pK;, - pH diEerence is greater than 2. The pH 3.0 condi- 
tion, used for the present study on the efkcz of counter-ion concentration on the 
capacity factors, was chosen to be well below the isoeiecAkic points of the X-Tyr 
peptides. Under these conditions pK a2 - pH values for the X-Tyr peptides will all 
be greater than 7, Le. all available amino groups will be fully protonated, whilst the 
degree of dissociation of thz tyrosinyl carboxyl group will be essentially constant 
throughout the peptide series. The interaction of a charged peptide with a suitible 
counter-ion can be visualised as involving the formation of solvent cavities surround- 
ing neutral caged species that can subsequently bind to the non-polar &and. The 
retention of a series of peptides in the presence of ion-pairing reagents at Low pH 
should thus follow the order of relative hydrophobic&k determined by the nature 
of the amino acid side-chains and the polarity of the counterion. Thus, a peptide 
containing an N-terminal basic amino acid, e.g. arginine, will have a shorter retention 
time on non-polar phases at low pH with hydrophilic anionic ion-pairing reagents 
present in the mobile phase than a corresponding pcptide with, say, an N-terminal 
alanine. However, major selectivity changes will occur when anionic hydrophobic 
ion-pairing reagents are present in the mobile phase at low pH owing to formation 
of ion pairs with the doubly charged argininyl residue (Table I). Very hydrophobic 
reagents, e-g_ dodecylsulphate, may si_&ficantIy bind to the non-polar stationary 
phase, thus modifying its characteristics. Under these circumstances, dynamic ion 
exchange may be the underlying mechanism. Selectivity changes with peptides have 
been observed3 aunder conditions compatible with ion-pair formation, and parallel 
similar observations with amino acids. The data presented below verify the suitability 

TABLE I 

EFFECT OF ION-PAIRING REAGENTS ON THE RETENTION TI,ME OF AJXGlNlNYL 
PEPTlDES 
Column: ,uBondapak akyIpheny1 using methanol-water (50:50)_ (a) 5 ml& pH 2.5; (b) 5 mM, pH 
6.5; (c) 5 mi%$ pH 7.15; (d) 2 m&f, pH 4.0. The data are from references 4 and 13. The one-letter code 
for the amino acids is used by M. 0. Dayhoff in Atlas of Protein Sequtwce and Structure, National 
Biomedical Research Foundation, Silver Spring, Md, U.S_fk., A = alanine; F = PhenyIalanine; 
L = Ieugine; M = metbiauine; R = arginine; W = tryptophan. 

Peptide Retemion the (mti) 

M-R-F 32.5 2.4 3.6 >60 1.5 3.0 
R-F-A >50 21 3.0 33.2 1.3 21.27 
L-W-M-R 112 2.3 4.0 16.2 1.6 3.5 
L-W-M-R-F >I20 5.1 10.2 40.5 2.1 8.7 
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F-ii 2. Qlromatograms ilhsttating the effkct of ion-pair formation on the separafim of the dipeptides 
Ak-Tyr (l), l?r&Tyr (2) and Leu-Tyr (3) by reversed+&ase chromatography. Cofumn, _aBon&pak 
C,,; ffow-iate 2 mI/min; temperature 20”; elueats: A, 5% met&sol-95% w&er-50 in&f KH#Or 
5 III&S H90, pH 3.0; B, sane as A and 5 nM hexylstdphcmate; C, 50% methanoL50% water-50 
m&f KHzF04-5 mM H,PO.-5 r&f dodecyIsu!phatc, pH 3.0. 

of the @and adsorption model for predicting the dependence of the capacity factors 
of peptides on the nature and concentration of ion-pairing reagents. 

A typical chromatogram ilIustrating the separation of the X-Tyr dipeptides 
on a @ondapak G, column in the absence and presence of 5 tin-hexyl sulphonate 
in a 5 % methanol-water-50 mM KHJQ, pH 3.0, buffer is shown in Fig. 2 (a and 
b), and Fig. 2 (c) shows the separation of the dipeptides using a 50% methanol- 
water-50 mM KH,PO,, pH 3.0, eluent containiug 5 mM dodecylsulphate. The higher 
methanol concentration was required in this case to obtain comparable retention 
times. Experiments were carried out with different concentrations of four anionic 
hydrophobic ion-pairiig reagents, namely, n-hexyl-, n-heptyl-, n-camphor-26 and 
Lcamphor-l&suIphonic acid. The two camphor derivatives, being chiral, were used 
to examiue whether retention could be influeuced by an optically active centre. If 
the binding of the hydrophobic counter-ion to the non-polar figand is neghgibIe, 
and the concentration of the neutral ion-paired species in the mobile phase is small, 
then the predicted piot of capacity factor against counter-ion concentration should 
kritially increase but eventually become independent of increasing comter-ion con- 
centrations , Le. follows a rectangular hyperbola. As the binding of the ‘counter-ion 
to the stationary phase, or the concentration of the neutral ion-paired species iu the 
mobile phase, becomes more significant then the predicted shape of the plot of capacity 
factor against counter-ion concentration should follow more closely a parabolic 
dependency. With small polar mokcules, e.g. catecholamines, both hyperbolic and 
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paraboEc dependencies of the capacity factor on cormter-ion concentition have been 

reported Is**. As is apparerrt from Fig. %6, dipeptides of the type X-Z@ behave in 
a similar fashion, and their retention characfe&ics on ~Bondapak c, c~Iu.mns in 
f&e presence of varying amounts of anionic ion-pairing reagents can be dkussed in 
terms of eqn. 3 or 4. lhpection of the data shown in Figs. 3-6 suggests, in addition, 
that the retention of the peptides under ion-pairing conditions is dependent OIL the 
hydrophobic a.rez of the counter-ion ad follows the order camphor- > heptyl- > 
hexyl-sufphonate. The tiding that L-camphor-lO_sulphonic acid bad a uniformly 
smaller i&aence on the capacity factor of the various peptides thzn the cor- 
responding D-isomer is interesting and indicates that a more detailed study of the 
eEect of enantiomeric ion-pairing reagents -wou.id be justifkd. The above analysis 
of the influence of ion-pair formation on~the capacity factor of peptidcs also permits 
a~ insight into the adsorption mecha.nism -of very hydrophobic anionic reagents such 
as dodecylsulpbate, as well as comparable cationic reagents. Probably the most im- 
portant property of the counter-ionic qecies in influencing the retention is its charge 
density. Small, polar counter-ions, e.g. &PO,-, ClO,-, (CH&N+, wil! tend to have 
minimal interactions with the stationary phase and operate with peptides via hydro- 
philic ion-pairing mechanisms, Le. retention times are reduced by the addition of the 
counter-ion. Reagents of i&xmediate polarity, e.g. heptzmesulphonate, (C4EQ4N*. 
wili act via a hydrophobic ion-pairing mechanism with the retention times enhanced 

Fw 3. Dependa of the capacity factor of the pmtonated X-T@ peptkIa on the concentration of 
n-kxyf~Iph~nate in the mobile phase_ CoIumq: ~ndapak G: flow-rate 2 ml/min; temperature 
2o”: mobite phase 5% metiol-95% wafer-SO mM KHJW..S mM H&Q, pH 3.0, containing 
various concentratians of the ion-pairing kgent. 
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Fii 4. Dependesioz of the c2pacity f2stor of the pmtonated X-Tyr peptides on the concentration 
of ~&@$Mphonate in the mobile phase. Other conditions as in Fig. 3. 

Fii 5. Deq=xndence of the capacity fador of tke pmtonatexi X-Tyr peptides OQ the comzntration of 
n-czmpltor-Ukdphonate in the mobile phase. Other con&a= as in Fe 3. _ 
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Fig. 6. Dependence of the capacity factor of the protonated X-Tyr peptides on the concentration of 
mxmphor-IWuIphozte in the mobile phase. other conditions as in Fig. 3. 

by the addition of the counter-ion. Amphiphatic counter-ions like dodecylsulphate 
or dodecykmmonium, on the other hand, could preferentially bind to the stationary 
phase, which takes on the characteristics of a dynamic ion-exchanger_ These solvent- 
generated stationary phase modifications can permit ionic interactions between the 
peptide and the stationary phase, and this elect may be a dominant mechanism for 
both anionic and cationic detergents. For example, at pH 3.0, the tetrapeptide Cys- 
AIa-GIy-Tyr will be predominantly protonated and should show minimum interac- 
tion with a dodecykunmonium-modified cationic stationary phase. This will be re- 
flected in reduced retention times when dodecylammonium acetate is present in the 
mobile phase (Fig. 7). A further consequence of stationary phase mod&&ion b;r 
amphipathic reagents is that sekctivity diEerences for a series of similarly charged 
peptide moiecules will be reduced. This effect can be seen by comparing the influence 
of 5 mM heptanesulphonate and 5 mM dodecylsulphate on the column selectivity 
for the X-Tyr peptide series shown in Fig. 2b and c. Similar sekctivi~ changes have 
been observed under conditions of dynamic ion-exchange formation with amina acids 
and hormonal peptides3*6-g_ 

Ion-pairing and stationary phase modikation constitute a powerftrl method 
for varying the retention of peptides on reverse&p&se systems. One area of ap- 

plication is in the analysis of a pzptide samale using two different types of mobile 
phase, e.g. with hydrophilic and hydrophobic ion-pairing -gents, which cm be 
used as strong evidence for the homogeneity of the sample similar to thin-layer 
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Fig. 7. AcaIykaI chromatograms of a cmde pcptide mixture containing t&e tetrapeptidc, Cys-Ak- 
GIy-Tyr, a fragmcut comnm tn the fl&aiu of tie phitary giycoproteins, cholera toxin B protein 
and trypsiq 0btzkx.i b_c solid-phase synthesis Pe& 2 camsponds to the tetrapqtide Cys-AIa-Gly- 
Tyr~peakIisasyntixticdeksiancoat - t column: pBodap2k Cl*; &lvs?cat.e 2nl4min: eb 
tif.m ~nditions, a lU-rnin liz=u gradient, st2rtexi 1 min after the injection of a 2Sfig sample, was 
generated for (a) fro& water-2 m&S Hm4 to 40% me&mol-60°~ wzter--2 ruM H3p0, and for (b) 
fi-om w2ter-o.2 SXIM dc&cy!amine-2 ICEZ Hm. to 40% methanoUO% water4k2 m.M dodecyl- 
amine-;!mddH304. 
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t 

(b) 
t-3 

F= 8. Gradient elution pm%ks for tbe 12-h tryptic digest of sheep W-S tbyrog!obu%n (5OOpg). 
CiJlrmn: f4Bondap3k c,,; flow-rate 2.5 rill/min; tern-turn 20”; dution conditions, a 60-min Linear 
gradient was generated for (a) fmm s&e+O.l% &PQ4 to 50% acetonitsiI~SO% water-O.l% 
&PC?, and for (bj water-O.1 % &PC&S m&f hexanes~Iphonate to 50% xetonitrile-5o~: water- 
0.1% E&PC?& III&# hewxsulphonate. 
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chromatography in several diferent solvent systems (cf- Fig. 7)_ An obvious extension 
of this approach is the assessment of homogeneity and structure of proteins via 
proteoiytic digests. JB a recent study=, we dcscribcd a reversed-phase HPLC methad 
which allows the rapid anaIysis of the thermolysin digest of acyl carrier protein, as 

r 
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b?(iol 
Fig. 9. Gradient elution profiles for the 12-h tryptic digest of bovine thyrotrophin (4(x)&. C&mm: 
pBoudapak C,*; ffow-me 3.0 ml/m&; the ehtion conditio~ls for (a) and (b) were the same as shown 
for Fig. 8a and 8b, respsxzti@y. 
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well as severd other protedytic digests. Ahhough a conskierable amount of informa- 
tion regardmg the homogeneity and stnrcture of the examined proteins was obtained, 
a single set of mobile phase conditions did not allow a complete “protein Gngerpiint” 
to be made, owing in part to the possibility of overlapping peaks. This is not surprising 
in view of the tide s&u&ur~ &versity of the proteolytic digestion products, and the 
fact that resohrtion under a singfe set of conditions may not necessarily be optimal. 
However, the use of two mobile phase conditions of similar composition, differing 
only in the presence or absence of a low concentration of ion-pairing magenE, provides 
a much more informative approach. Ilh&rative of this ttxtique are the pairs of 
cbromatograms, obtained for the tryptic digests of ovine 19-S thyrogiobuhn and 
bovine thyrotrophin in the presence and absence of 5 m84 hexanesulphonate, shown 
in Figs. 8 and 9. Even with digests of such complexity as produced by these two 
microheterogeneous proteins, the simplicity of the method, the high sensitivity (only 
50 pg of each protein was used) and the excellent resolution permit digestion profiles 
to be obtained in less than 60 min, with each pair of chromatograms representing 
a unique protein map analogous to that obtained with two-dimensional electro- 
phoretic techniques. Preliminary preparative studies with these and other protein 
digests indicate that this approach considerably simplifies unequivocal structural 
assignments made during the sequencing of proteins. Their use in the determination 
of the primary structure of mutant haemoglobins and pituitary and thyroid glyco- 
proteins will be reported elsewhere. 
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