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SUMMARY

The chromatographic separations of peptides and proteins on commercially
available 100- and 300-A pore size reversed-phase columns have been compared
using various buffer systems. The larger-pore-size packing exhibits a slightly more
hydrophilic character while maintaining flow and back-pressure characteristics typ-
ical of 10-gm supports. In addition to equal or improved resolving capabilities for
smaller amino acid derivatives and peptides, this column material is notably superior
to the 100-A supports for the chromatography of proteins with molecular weights
exceeding ca. 15,000.

INTRODUCTION

Applications of the method referred to as high-performance liquid chromato-
graphy (HPLC) are being found in such widely diversified areas as forensic medicine
and clinical, as well as analytical, chemistry. Recently, its uses as an analytical or
preparative method in the ficld of biochemistry have become more obvious. Amino
acid analysis of either the free acids!™3 or derivatives®™ thereof, as well as the identifi-
cation of amino acid derivatives from Edman degradations®?, have been reported.
Peptides from natural sources**! and those from enzymatic digestions!!> or from
chemical fragmentations!>™*3 can be isolated and efficiently desalted*.

There have been fewer reports describing the chromatography of large peptide
fragments'?!%t72% proteins®*'* or enzymes®*>’. The main reason for this limited
use has been. the lack of a suitable commercially available reversed-phase packing
which does not experience non-specific adsorption, and thereby low recoveries and/or

* Permanent address: Institut fur Pharmakologie und Biochemie, Tierspital, CH-8057, Ziirich, Swit-
zerland. . -
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reduced resolution. Some researchers have circumvented this problem by synthesizing
their own packings. e.g. Cg, diphenyl and cyanopropyl groups have been attached to
330- and 500-A pore size (10 um) materials®® or Cg, C; g and adamantyl groups on a
series of 5- and 10-pzm packings ranging in pore sizes from 55 to 1000 A°. Similarly, a
commercially available 300-A pore size C,z column has also been utilized'. In each
of the above-mentioned cases the chromatographic results have suggested that pro-
tein recovery increases with increasing pore size.

In this report we compare the applicability of the 100- and 300-A packings
available from Browulee Labs.; the results indicate that the larger-pore-sized material
offers superior resolution and recovery of not only peptides and proteins but also
Dns-amino acids®.

EXPERIMENTAL

Apparatus

An HPLC unit consisting of two Altex Model 100 pumps, a Rheodyne Model
7125 injector (600-ul sample loop), a Kontron Model 200 microprocessor and an
Unvikon 725 spectrophotometer equipped with an 8-ul flow-through cell was used for
UV detection. Samples were chromatographed on 250 x 4.6 mm 10-zm particle size
columns of LiChrosorb RP-18 (100 A pore size) or Aquapore RP 300 (300 A pore size)
from Brownlee Labs. (Santa Clara. CA, U.S.A.). When necessary the column effluent
was collected automatically using an LKB Ultrarac Model 7000 fraction collector.
Portions were removed (10-15%), diluted into a scintillator and radioactivity
measurements performed using a Packard Model PLD Tri-Carb liquid scintillation
counter. No quenching of radioactivity by the buffers was observed under the experi-
rnental conditions used.

Chemicals

Acetonitrile and 2-propanol (HPLC quality) were purchased from J. T. Baker
(Gross Gerau. G.F.R.), water was quartz bi-distilled. All other chemicals were of
reagent-grade quality from Fluka (Buchs, Switzerland) or E. Merck (Darmstadt,
G.F.R.) and used without further purification. Obtained from Sigma (St. Louis, MO,
UU.S.A.) were cytochrome ¢ (horse heart), carbonic anhydrase (bovine erythrocytes)
serum albumin (chicken) and myoglobin (whale) which was further converted into
the apo-form by extraction with methyl ethyl ketone?®. Alcohol dehydrogenase
(veast), maleic dehydrogenase (pig heart mitochondria), creatine kinase (rabbit
muscle) and 3-phosphoglycerate kinase (yeast) were from Boehringer (Mannheim.
G.F.R).

Ovalbumin (egg white} was purchased from Worthington (Freehold, NY,
U.S.A.). Parvalbumin (rat muscle) was prepared as described for the isolation of the
same protein from chicken muscle®®. Human serum albumin was isolated and further
purified as described®°. The bovine pancreatic trypsin inhibitor (Trasylol®; Bayer,
Leverkusen, G.F.R.) and lysozyme (chicken, Sigma) were used as their carboxymeth-
ylated3? derivatives.

Methods
Prior to reversed-phase chromatography the proteins were labelled by reduc-
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tive methylation3? using sodium cyanoborohydride and ['**Clformaldehyde (Radio-
chemical Centre, Amersham, Great Britain), followed by desalting over Sephadex G-
25 and lyophilization. Each sample was then dissolved in water, or in some cases
1.09/ phosphoric acid, diluted into the starting buffer for chromatography and in-
jected at concentrations between 5 and 600 ug/ul. Unless otherwise staied. the
amounts of protein applied onto the column ranged between 20 and 150 pg. Follow-
ing effluent collection the percent recovery was determined by liquid scintillation.

Peptides of rat muscle parvalbumin were prepared as described®® by tryptic
digestion (TPCK~trypsin. Worthington) and recovered by lyophilization. Chromato-
graphy was carried out on 30-60-ug amounts of the peptide material.

The buffer systems used for chromatography were (I) buffer A, 0.01 M sodium
perchlorate in 0.1 %, phosphoric acid, pH 2.1, and B, as A except 60% (v/v) in
acetonitrile; or (II) as in (I) except 60 %, (v/v) in 2-propanol. All chromatography was
carried out using a linear gradient of B buffer (2.22 9/ per min) at room temperature
(ca. 22°C) with a flow rate of 1.0 ml/min. For both the 160- and 300-A packings the
column back pressures increased during gradient development from 500 to 800 p.s.i.
with buffer system I and from 725 to 2200 p.s.i. with system II. For a higher pH
phosphate system. A buffer of system I (see above) was titrated with 2 M sodium
hydroxide to pH 7.0. Similarly. the aqueous part of B buffer (containing the appropri-
ate amounts of phosphoric acid and sodium perchlorate to yield the correct concen-
trations upon final dilution with the organic phase) was adjusted to pH 7.0 prior to
addition of 60 ¢, (v/v) acetonitrile. The Tris buffer system used consisted of 50 mASf
Tris-HCI, pH 7.5. as A buffer and the same containing 60 %] (v/v) acetonitrile as B
buffer.

RESULTS AND DISCUSSION

The chromatography of peptides and smaller protein fragments by reversec-
phase HPLC has been carried out predominantly on either Cg or C, 4 hydrocarbon
ligands bonded to 3- or 10-um particle size packings with nominal pore sizes of <100
A. Fig. 1 illustrates that the more hydrophobic character of a C, ¢ hydrocarbon ligand
on such packings (Fig. 1B) results in a higher resolution of the chromatographed
peptides, ranging in length between 3 and 135 residues®?, than the cyanopropylmoeity
(Fig. 1A). The yields from the peptide separation on the C,, support (Fig. 1B) aver-
aged 66.9 %/. That the amino acid compositions of the peptides are in excellent agree-
ment with their known sequences®3->* supports minimal cross-contamination be-
tween closely eluting peaks.

Chromatography of the same peptide mixture on 100- and 300-A supports at
iow pH, conditions identical to those in Fig. 1, are illustrated in Fig. 2. The more
hydrophilic nature of the 300-A support is indicated by the quicker elution of the
peptides. Peak resolution is not identical on both supports since the two peptides
indicated in Fig. 2A (by arrows) were not found to separate on the 300-A column
(Fig. 2B). The similar peak areas from both columns indicate that the 300-A support
can be conveniently used for peptide mapping with yields approximating those from
the 100-A packing (see above).

When the pH of the chromatographic buffers were increased, the peptides
generally became more hydrophilic owing to deprotonation and were thus eluted
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Fig. 1. Chromatography of the tryptic peptides from rat muscle parvalbumin on (A) 70-A (6 ym) cyvano-
propyl-and (B) 100-A (10 zm) C,, packings. The peptides were dissolved in 100 1 of A buffer [2.7 nmol and
5.0 nmol for {A) and (B), respectively] and chromatographed with an acetonitrile gradient (buffer system I
at pH 2.1, sce Experimental). The arrows indicate the points of injection. The peaks in (B) are numbered so
that comparisons can be made with Fig. 3A; see Table 1.

A 8 V4

Absorbance , 220 nm

Fig. 2. Comparison of the resolution for peptides achieved at pH 2.1 by 180- (A) and 360-A (B)
supports. The peptide mixtures (2.5 emol) were chromatographed as above using buffer system L.
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earlier. i.e. at lower buffer B concentrations (¢f. Figs. 2B and 3A). Such pH changes
do not effect all peptides equally, e.g. resulting simply in an eiution at lower acetoni-
trile concentrations while maintaining the same elution order. Some peptides were
found to be greatly effected while others not at all. Table I gives the sequences of the
peptides and their chromatographic as well as charge characteristics at both pH 2.2
and 7.0. At the iower pH the peptides do elute as a function of their increasing
apolarity when the newer values from Meek and Rossetti*” for amino acid hydro-
phobicities are used to calculate peptide hydrophobicity. This would be expected
since the buffer systems used in this study and that of Meek and Rossetti®? are
essentially the same. However, when the amino acid hydrophobicity values deter-
mined by us in a different buffer system>® (e.g. pyridine-formate-acetate using 1-
propanol as the organic eluant) are used the estimation of peptide elution order is less
satisfactory. Using the values from a previous investigation by Meek3$, calculated
peptide hydrophobicities for pH 7.4 digress considerably from the observed elution
order seen in Fig. 3A. Conceivably this might be due to one (or more) of the amino
acid hydrophobicity values being incorrectly assessed. The differences in peptide
chromatographic behaviour are sufficient enough, however, to utilize simply a change
in the pH as a further isolation step or as a check for purity. Utilizing these columns
at pH 7.0 to 7.5 for several weeks has not resulted in any noticeable chromatographic
changes in either resolution or yield. Similarly, switching from one buffer system to
another with a different pH is conveniently performed without effecting column per-
formance.

— -\ I
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Fig. 3. Comparison of the resolution for peptides achieved at peutral pH using 1060-(A) and 300-A (B)
supports. The buffer systems were for (A) as in Figs. 1 and 2 except that the pH of the buffer was titrated to
7.0 and for (B} a2 50 m.M Tris—HCI, pH 7.5, 60 %, (v/v) acetonitrile system (see Experimental). The peptide
amounts injected were for 5.0 nmol for both (A) and (B). The peaks in (A) are numbered so that com-
parisons can be made with Fig. 1B; see Table L.
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Fig. 4. HPLC of [**Clmethylated proteins on 100-(A) and 300-A (B) packings. The samples injected were:
1 = bovine pancreatic trypsin inkibitor (57 ug, 1.6 - 19° cpm); II = myoglobin (48 ug, 2.2 - 10° cpm); III =
ovalbumin (76 pg, 5.3-10* cpm). Flution was carried out with a 2-propanotl gradient at low pH (buffer
system II, see Experimental) and 1.4-ml fractions were collected. Solid lines represent absorbance at 220
nm and dashed the **C-label incorporated into the proteins by reductive methylation (see Experimental).

The chromatography of a protein mixture on such supports indicates that
resolution as well as yield are a function of both the packing pore size and protein
molecular weight. On the 300-A column (Fig. 4A) peak broadening is significantly

TABLE 11

COMPARISON OF PROTEIN REVERSED-PHASE CHROMATOGRAPHY ON 100- AND 300-A (10 ym)

PACKINGS

Elution carried out using puffer system H: A buffer, 10 mM NaClO, in 0.1 9, H;PO,; B buffer, as A except 609 (v/v)

in 2-propanol.

Protein

AMolecular
weight (ref.)

A

LiChrosorb RP-18,

B,
Aquapore RP 300.

Differences
(column A minus column B)

160 A 300 4
B (%) Yield (%)
B (%) Yield (7,) B (%) Yield (%;)
Bovine pancreatic 6500 (39) 29.0 81.1 20.5 59.8 + 85 +21.3
trypsin inhibitor
Cytochrome ¢ 11,700 (39) 58.5 48.0 56.7 45.6 + 1.8 + 24
Parvalbumin 11,700 (33)  74.0 1029 60.5 78.2 +135 +24.7
Lysozyme 14,300 (39) 62.5 67.1 434 441 — 09 +23.0
Myeglobin 17,200 (39) 64.0 89.0 59.0 949 + 50 - 59
Creatine kinase 42,000 (40) 738 33.7 69.0 67.2 + 45 —33.5
Ovalbumin 43,000 (41) 820 36.5 75.5 573 + 5.5 —208
Serum albumin, 65,000 (42) 625 76.5 56.0 101.1 + 6.5 —24.6
chicken
Serum albumin, 69,000 (43) 39.5 483 50.6 98.5 + 89 —50.2

human
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decreased in comparison to a 100-A packing (Fig. 4B) and the yields of the larger
proteins, here ovalbumin, are improved. As shown in Table II the protein elution
times also decrease by 5-10 7, owing to the more hydrophilic character of the support.
The differences in per cent yields thus appear to be a function of both protein molecu-
lar weight and pore size, i.e. under ca. 15,000 the yields are higher with the 100-A
material; conversely, the 300-A support is superior for higher-molecular-weight pro-
teins.

Overall yields remain constant or slightly increase when more protein is pro-
gressively chromatographed (Fig. 5). That portion not recovered in the effluent ap-
pears to remain irreversibly bound to the column since neither radioactivity nor
absorbance can be detected when changing to either higher concentrations of 2-
propanol or other buffer solutions (e.g. 0.1 9 trifluoroacetic acid). This observation is
supported by the results from the isolation of various proteins from both muscle and
brain extracts by reversed-phase HPLC using above-mentioned chromatographic
conditions****, In such cases the eluted proteins were collected, desalted and radioac-
tively labelled by reductive methylation. They exhibited only single spots by either
protein staining or autoradiography following two-dimensional sodium dodecyl sul-
phuite isoelectric focusing, thereby indirectly supporting the idea that once protein is
lost (presumably by either precipitation or hydrophobic association with the packing)
it 1s slowly. if at all, eluted during subsequent separations.

00—
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Fig. 5. Influence of protein quantity on per cent ['*C] recovery. The samples injected on the 300-A C,,
column were: A, myoglobin: @, bovine pancreatic trypsin inhibitor: 3, carbonic anhydrase; ¥. oval-
bumin. Elution was carried out with the 2-propanol gradient (buffer system II}).

Tabie HI summarizes the results from the chromatography of a number of
proteins, molecular weights ranging between 6500 and 69,000, on the RP 300 support
with buffer sysiems I and II. With the exception of myoglobin, all the proteins chro-
matographed were eluted in higher yields when 2-propanol, rather than acetonitrile,
was used as the organic eluent. The protein elution points were decreased by ap-
proximately 25 % owing to the higher solvent strength while maintaining comparable
peak heights and widths (results not shown). Other proteins which have been chroma-
tographed with similar yields are - and f-chains of haemogiobin, calmodulin, in-
sulin-like growth factors, S-100 protein and troponin c**-*5, -

In summary, the C, 4 reverse-phase support of 300-A pore size offers a number
of improvements: (a) proteins of molecular weights exceeding ca. 15,000 can be
chromatographed with higher yields; (b) the resolution on such supports for proteins
is better; (c) peptide mapping can be performed under conditions which give resuits’
approximating those of the smaller-pore-size packings; and (d) smaller molecules
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TABLE 1l

ELUTION POSITIONS AND YIELDS FROM PROTEIN REVERSED-PHASE CHROMATOGRAPHY ON
AQUAPORE RP-300 (300 A, 10 pm) PACKINGS UTILIZING ACETONITRILE AND 2-PROPANOL
GRADIENTS

nd = Not determined.

Protein Molecular A, B.
weight buffer svstem 1 buffer system Ii Differences
{acetonitrile } {2-propanoli) (cofumn A minus column B)
B (%) Yield (3,) B (%) Yield (7,) B (%) Yield (7,)

Bovine pancreatic 6500 (39) 425 361 205 59.8 22, —23.7
trypsin inhibitor

Cytochrome ¢ 11,700 (39) nd od 36.7 45.6 - -

Parvalbumin 11,700 (39) 85.6 650 60.5 78.2 25.1 —132

Lysozyme 14,300 ¢39) nd nd 63.4 44.1 - -

Myoglobin 17,200 (39) 88.6 983 59.0 94.9 29.6 + 34

Carbonic anhydrase 31.000 (46) nd nd 68.5 81.3 — —

Maleic de- 35,0600 (47) nd nd ? 0 - -
hydrogenase

Alcohol de- 36,700 (46) nd nd 78.4 18.9 — -
hvdrogenase

Creatine kinase 12,000 (40) 88.7 3 64.0 67.2 247 - 69

Ovalbumin 43,000 (41) > 100 36.9 75.5 573 ? —-204

3-Phosphoglycerate 47,000 (48) nd nd 784 379 - -
kinase

Serum albumin, 65,000 (42) 93.7 97.7 56.0 101.1 37.7 — 34
chicken

Serum albumin. 69.000 (13) 850 68.0 50.6 98.5 344 —30.5
human

such as Dns-amino acids chromatograph extremely well on the larger-pore-size ma-
terial®.
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