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PEPTIDE SEPARATIONS ON SUBS~ED POLYSTYRENE RESINS 

EFFECT OF CROSS-L-GE 

SUMMARY 

The effect of copolymer cross-linkage on the resolution of solubIe tryptic 
peptides of human globin (a- and &chains) separated in columns containing substi- 
tuted polystyrene resin classified to 11 f L pm has been examined_ With both the 
cation and anion exchange resins, polymers of lower cross-linkage provided better 
resolution; inferior resolution was obtained with 12% cross-linked resins. It was also 
observed that microparticle anion-exchange resins could be used in columns main- 
tained at 55” instead of 35” as used traditionally. Resolution and yield with 20 x 1 cm 
resin beds were generally as good as or superior to much longer columns of crushed 
bead resin of the same chemical structure. 

INTRODUCliiON 

The development of methods for isolating peptides in homogeneous form, often 
from quite complex mixtures, has played an important roie in determination of the 
structure-faction relationships of proteins. For example, primary structure elucida- 
tion and mapping of genetic changes at the phenotypic level require techniques for 
complete separation of peptides to insure that further characterization of the pure 
components can proceed. Among the variety of methods used, ionexchange column 
chromatography, particularly with resins of substituted polysytrene, has been one of 
the most prodttctive. These polymers have emerged as the best material for fraction- 
ating mixtures containing peptides of about 2 to 30 amino acid residues, the distribu- 
tion usually encountered in enxynkic digests of proteins. They are less efk-ctive with 
larger fragments which require other types of ion-exchange material or the applic&on 
ofdifferent separation techniques. 
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Since there remains a constant need to resolve mixtures ofpeptides of all sizes, 
these resins continue to er joy wide application. However, little systematic study has 
been made of the parameters a@&ing ehztion behavior, yields and resolution of 
peptides separated on them. In part, this may be attributed to the unique nature of 
each peptide mixture encountered_ Unlike samples used for amino acid analysis 
which difher primarily only in the amount of each component present, peptide 
mixtures m&y be entirely ciI!Ferent depending on their origin and methcd of produc- 
tion. This has resulted in the development of many variations in separation methods 
and has not enabled other workers, particularly those less experienced, to find-the 
type of information they need to optimize the separation of their own particular 
mixtures. 

In order to establish more useful guidelines for the use of substituted p&y- 
styrenes in the separation Df peptides, we initiated studies to determine the efI&t on 
separation of such variables as temperature, eluent composition and polymer matrix. 
It has already been ascertained from ffie studies of Jones’ that the more highly-sieved 
resins of smaller average diameter are superior for peptide separations, which has 
proven to be particuhtrly trre for microscale preparations*_ However, these resins have 
been available only in a limited number of forms. The development of uniform particle 
size anion- and cation-cxchauge resins of this type with a range of cross-linkage has 
now provided an opportunity to e xamine the relationship between. percent divinyl- 
benzene pm=nt as a copolymer (or a “cross-linker”) and the resolving properties of the 
resin_ In particular, we examined the commonly held view that lower cross-linked 
resins were more suitable for peptide separations than higher ones. Par9 recommended 
2 to 4% cross-linked resins for large ions and Schroedefl recommended 2 “/ ; cross- 
linked cation- and anionexchange resins for most peptide separations. An 8 7: cross- 
linked c&ion-exchange resin was used by Jones’ and has seen wide application eJ.se- 
where5-p. However, 2 yO cross-linked anionexchange resins continue to be uss ahuost 
exclusivelyg-12. In this study, the cation-exchange resins DC-X%1 1 l and DC-X12-2 1 
and anionexchange resins DA-X2-I I * *, DA-X&l 1 and DA-X12-2 1 were compared by 
separating on each a tryptic hydrolysate of normal human globin (a- and &&ains). 

MATERZALS AND METHODS 

Allresinsexamin ed were prepared by and are available from Dionex Chemical 
Corp. (Sunnyvale, Calif_, U.S.A.). Ilemoglobin was prepared from blood freshly 
drawn from nurmal healthy adults by waterlysis. Heme was extracted by cold acetone- 

‘The resin nomenclature is: the first letter designates the poIymer matrix (“D” represmts 
divirlyl~l~ copolymer); the second letter denotes the type of ionexchao~ resin 
CC represents a cation exchanger, “‘A+‘, an anion exchaoger); the number following the “X’ 
is the percent cross-linking ageM present; the final number represents the mean partick diameter 
in micrometers. 

“Gmventional poIystynme rss such as Dowwc l-X2 contain 2% divinylbenzene, but the 
efi&ztive cross&bge is actu@r increased to about 4% because rnethykne btidging occms during 
polymerization Dionex resins are devoid of methykne bridging because of the polymerization 
conditions used. Thus, ahhough the designation ‘X2” in DA-X2-11 implies 2% @xos-tige,tb.is 
resin actualIy contains about 4% diviq~ikmze. Dionex elected to desigmte it as a 2% cross- 
linked resiu because it is stnx%lralry similar to Down l-X2 resins that have been widely used. 
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hydroctioride and the resulting globin recovered by lyophilization. Trypsin (?Z?CEC) 
was obtained from Worthington Biochemicals (Freehold, ML, U.S.A.). Pyridine was 
redi&kd over solid ninhydrin (1 g/l). All other chemicals were reagent grade or the 
best qua@ available. 

The tryptic hydrolysate was prepared by suspending globin (I g) in 50 ml of 
water and adsting tbe pH to 8.8. Trypsin (10 mg/mI in 0.001 N hy&ochloric acid 
was added to a final concentration of 2% and the reaction allowed to proceed at 37” 
for 6 h. The pH was maintained by a ph‘ stat (Radiometer Model TIT-1 1). The diges- 
tion was terminated by addition of 1 N HCI to pH 2.0 and the acid&d mixture 
centrifuged at ~0,000 g for 20 min; only traces of insoluble material were visibIy 
present. The supernatant was subdivided into equal ahquots of about 3.5 ml containing 
approximately 2 pm01 of peptides based on the combined mokcukr weight of the 
(z- and #Ichains. The samples were stored at -20”. 

The column separations were carried out in jacketed glass columns of 0.9 cm 
I.D. In all instances, initial resin beds were 20 f 0.5 cm. The lower column support 
was a wire screen resting on a PTFE disc (MER ChrormtograpJk, Mountain View, 
Calif., U.S.A.). Resin, equilibrated in starting buffer (v& infra), was poured under 
nitrogen pressure (20 p.s.i.) and then pumped at a flow-rate of 30 ml/h for 3 h prior to 
loading. The slurries of anion-exchange resins were pre-heated to 55” before pouring 
while those of cation-exchange resins were poured at room temperature. Samples of 
the soluble tryptic peptides of globin were thawed and loaded onto the columns under 
nitrogen pressure. The columns were pumpxl at 30 ml/h for 10 min with starting b&et 
using a constant volume displacement pump and developed using a four chamber 
continuous gradient of pyridine acetate buffers. Two hundred ml of each buffer were 
used in the cation-exchange separations and 200 ml in the anion-exchange separations. 
Compositions of each gradient are listed in Table I. The &ml buffer was pumped 
&rough the column for an additional l-3 h at the end of each separation. 

TABLE I 

ELUENT BUFFER COMPOSITIONS 
The eluent btier compositions were made up to 1.0 1 with deionized4istiHed water. 

Resti PM N’ Acetic acid (ml) Pyri&ne (mI) ** 

CaZion-exchange 
Buffer 1 2.5 0.05 300 4.0 
Btier 2 3.1 0.2 278 16.1 
Bu&r 3 3.7 0.5 200 40.3 
Bu&r4 5.0 2.0 143 161 

Amh-ex~e 
Bufier 1 9.0”’ 0.37 - 30 
Buffer 2 5.5 0.5 6 40.3 
Btier 3 5.5 1.0 12 80.6 
BufEer 4 5.0 2.0 143 161 

* Norma&y of pyridine. The normality of acetate in the anionexch2nge resin bufier solutions 
I, 2, 3 and 4 is 0, 0.1, 0.2 and 24, zspectively. 

l - PyMke was red&&d af*t.zr addition of solid ninhydrin (-1 g/l) to the distillation Fisk. 
“‘T&k is the pH value for buff&r 1 measured immediazly &er preparations with freshly 

,- - stdkd-deioaizd water- After standing, the pH of the bufk dmps to 25-8.0 due to atmosphic 
a&on dioxide. 
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Ten percent of tht: column effluent were diverted into the detection system which 
monitored the nkhydrin reaction product spectrophotometrically at 570 mn of alka- 
line hydroIyzed efBuent peptide~~. By utilizing a stream divider and fractior colkctor 
at the column outlet, it wouId be possible to collect 90% of the separated peptides. 

Although only small amounts of shrinkage CKcEzed during the separations, 
resin was routinely removed from the column and washed on a sintered-glass fkmel 
betweeneachexperiment. 

RESULTS AND DlScUSSIONS 

A tryptic digesticn of an equirzlolar mixture of globin (r- and @chains would be 
expected to produce 27 unique peptides plus free lysine, ranging in size from 20 to 2 
amino acid residues”. H owever, the peptides derived from residues a: l-7 and a: 9349 
and from c 57-60 and /? 6245 are suEciently similar that they probably would not be 
well resokd in a single chromatograpbic separation. Thus, the expected number of 
peaks for separation of this mixture is 26. 

As shown in Fig. 1, the 8 % cross-linked cation exchanger, DC-X8-l 1, yielded 
an elution proe with al.least 21 peptides clearly discernable. As anticipated from past 
experience with this resin, peptides of more basic character that elute in the last half 
oftbe gradient are better resolved than those eluting in the Grst baK Separation oTthe 
same mixture on the l:!Ok cross-linked resin was considerably less impressive. The 
entire elution profile demonstrated less delineated peaks, partic~&rly in the early 
portion of the separation where larger peptides are known to elute. However, even 
smaller peptides eluting after fke Iysine (590-620 ml) show broader peaks, due to 
unfavorable interactions with the chromatographic medium. Tests with cation- 
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Fig. 1. EMion pro&s of tie separation of soluble tryptic pcptides (2 pmol) of human globin (a- 
and &cbak) oil catiomm5ange resins DC-X&11 and DC-XlZ-11. Resin bed dimensions: 09 x 
20 cm; ffow-rate: 343 ml/h; tmqmamrer 55”; gradient: 4 chamber py-ridke acetate (pH 25 to 5.0) 
(see Table I); monitorins: automatic anal+ of G&&-in co!or {no nmj on contin~ody stzmmed 

atiquot (RI lOO%y. 
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exehangk resins of lower cross4inkage (2-4O%) we% unfeasible because the small 
particle diameter (II f 1 pm) contributed to pump pressures too high for practical 
appkiaions, Section of the same peptide mixture OP the corresponding series of 
tiOQexchange resins is shown in Fig. 2. DiEerences in elution profks were not as 
great as those obtained with the two cationexchange resins, However, resin with the 
lowest cross-linkage (DA-X2-11) produced slightly more symmetrical peaks and 
somewhat better de&&ion than the 8% cross-linked resin. Both resins were ckarly 
superior to the 12% cross-linked resin where some peptides that were separated on 
DA-XL21 and DA-B-1 L were apparently excluded and appeared in the break- 
tbrougb peak (30 ml). This is particuiar~y noticeable in the decrease insizeoftbepeak 
emerging at 80 mJ._ 
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Fig. 2. EMion proGIes of the separation of soluble tryptic peptides (2pmoI) of human globin (a- 
and fl&ains) on anionexchange resins DA-X2-l 1, DA-X&l 1 and DA-X12-1 1. ~radiat : 4 chamber 
pyridiue acetate @K 9.0 to 5.0) (see Table I); other amditions as in Fig. 1. 

It should be noted that peptides found in the intermediate and later stages of 
the anionexchange separations correspond to peptides emerg&g in the early stages of 
caeionexcbange separations. Since they represent Jarger peptides with increased 
acidic character due to the initial pH of ffie gradient and #me tqptic hydrolysates 
tend, because of the specificity of the enzyme, to d&rib&e basic residues evenly, it 
is perhaps not unexpected that they are more e&ctive~y separated by anion-exchange 
resins of lower cross-linkage. It is possible that mixtures of peptides with a lower 
average size in which basic residues are not evenly distributed, such as those gkerated 
by thermoiysin, will be more eEectively separated on DA-X3-11. It d&s not appear 



. Two other ol&vations emerging fkom these studies are worthy o&o& F& 
all of the anionexcflange separations were carried out at 55”. In the pa& substituted 
poly&yrene anion exchangers of any particle size have been commonly used at 35” due 
to the mist&en impression that such resins are unstable at higher temperatures. The 
20” temperature increase in alI cases provided materially better resohrtion and sign& 
icant in- in yielawith most peptidesSS Operation at the higher temperature also 
reduced operating presmres. With the three anionexchzuEge resins tested9 P-P 
pressures did not excees 40 p.s.i throughout the separation (with the cation-exchange 
resins, about SO p.s.i. were obtained). Second, anionexchange separations were car- 
ried out in onIy 2Ocm beds in contrast to the much longer (100 to 150 cm) beds 
traditionally used with Dowex l-X2 resins of larger particle size (usually Zoo-4oo 
mesh)_ it has already been noted that equivalent resohrtion is obtainable with shorter 
beds due to the smaller particle size of these re~ins~. 

Overall yield, although variable, is only marginally better with short beds than 
tbat obtained with the longer beds of crushed bead resins. Further, only minor 
ditferences in yield were found between the resins of d.iEerent cross-linkage used in 
this study’. However, the effective yield in practical applications would be much higher 
for the better resolving resins since peaks would be conSned to freer fractions and 
less subfractionation would ‘be required. 

Although these experiments suggest that DC-XS-11, DA-X2-12, and occa- 
sionally DA-X&11 are the resins of choice for separating peptides, it is not readiiy 
apparent which should be used for a particular mixture or in what order they should 
be utilized for initial and subfractionations. A predictive scheme that takes into a~- 
count the anticipated peptide size distribution character based on the generating agent 
would grcatiy improve the basis for ma!&g such selections. Development of these 
guidelines is currently in progress. 
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