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Facile, semi-preparative, high-performance liquid chromatographic 
separation of synthetic peptides using ammonium bicarbonate buffers 

D R KNIGHTOV. D R K HARDIYG J R NAPIER and W S HANCOCK* 
Dqarmenr of Chemsrn _ Bxochenusm and B~opins~cs Cfasser Umterstrt Palmersron ,\orrlt I i\ett 
Zealand) 

(Rccc~\cd Jul> 16th 19SZ) 

An Important goal of our high-performdnce hquld chromatography (EIPLC) 
studies’ ’ has been the development of d sunple procedure for the punficatlon of 
synthetic peptldes prepared by the sohd phase method3 Frequently a small scale 
synthesis ~111 yield X-100 mg of crude pezptxde which IS contammated by aberrant 
peptldes produced by side-reactIons_ A recent study* 5 demonstrated that the Radial- 
Pak C,, columns that are used m the Waters Radial Compression Module are partlc- 
ularly stutable for the separation of peptIdes’ The purpose of this report IS to demon- 
strate that this separation system can be used for surpnsmgly large sample loadmgs 
(typlcally 25 mg) with a volatde mobile phase (contammg ammomum bicarbonate) 
that allows the raprd lsolatlon of the punfied peptlde by l>ophlhsation 

EXPERIMENTAL 

Apparatus 
A Waters Assoc (IMdford, IMA, I.J S A ) HPLC -sadlent system was used for 

the separations (see Refs 1 and 2 for details) Sample mJectxons were made usmg a 
MIcrolIter SO2 syrmge or a lo-ml Gastlght 1010 W syringe (Hamdton, Reno, NV, 
U S A_) The Radial-Pak CN and C,, cartndges (8 mm I D ) were also purchased 
from Waters Assoc. For optImaI column hfe the column was protected \vlzh a guard 
column and an m-hne pretiher (Waters Assoc.) 

UV spectra were determmed ustng a Shtmadzu MPS-5000 tnstrument 

Chenucals and separatron corrdmom 
The solvents and chemicals used m thus study are Identical to those described 

m a previous paper5 The peptlde solutions were prepared as described previously’, 
except that all solutions contamed 6 .%f urea or 3 M guamdme-HCI to prevent sample 
aggregation. 

The ammomum bicarbonate buffer (0 1 I’n, pH 7.7) was prepared freshly each 
day, and was used as the mmal solvent (A) m the gradlent separations The second 
solvent (B) consisted of isopropanol-acetomtrile-solvent A (30-30 44) (F1g.s 1 and 2) 
or isopropanoholvent A (SO 20) (Fig. 3). A linear gradlent from 0 to 100°A B over 
60 min was used throughout this study. The separation was achieved at ambient 
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temperatures and a flow-rate of 1 ml/min was used. The eluted peptides were de- 
tected by UV absorbance (generaliy at 280 mu)_ 

RESULTS 

Fig. 1. shows the purification of 60 pg of the synthetic pcptide Leu-Glu-Ser- 
Phe-Ly~V_‘-§er-Trp-LeuSer-Ala-Leu-Glu-GIu-Tyr-Thr-Lys-Ala (I) usmg the 
chromatographic system described m the Experimental Section Although tins peptide 
had been previo-usly punfied by Ionexchange chromatography, the sample still con- 
tained two deIetion peptides which were readily removed by I-IPLC_ The large 0-D. 
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Fig_ X. T6e puriication oft% pg oftbe synthetiic peptide Leu-GTu-Ser-Phe-Lys-VaESer-TrpLeuSer- 
Ah-Leu-Gl&tt-Tyr-n:Lys-ti on a RadiaI-Pak CN co umn 1 was achih& witi a Enear gradlent 
from 0.1 M ammonium bicarbonate to isopropano?-aoztomt 1 M ammonmm bxahonate (3.3-4) at 
rfzi#wEk&~ _- 
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peak at the start of the gradient was due to guamdme-HCl whch was added to the 
sample to prevent aggregahon 

Fig. 2A shows the punfication of 350 ,ug of the synthetic peptlde Leu-Glu-Ser- 
Phe-Leu-Ly~Ser-Trp-LeuSer-Ala-Leu-Glu-G~-Ala-Leu-Lys-Ala usmg the 
conditions described m Frg 1. Prror to the HPLC separation, this peptlde had been 
partially pun&d by gel filtration and lon-cxchange chromatography 1 he sample was 
loaded m 5 ml of 6 M urea as three approxunately equal volumes through the U6K 
sample inJector. The large Peak was collected (see bar m Fig 2A) and re-chromato- 
graphed as shown m Fig, 2B. More rechromatography the trapped Peak (2 ml) was 
dduted to 6 ml with 0.1 M ammomum bicarbonate and loaded as three approulmately 
equal volumes usmg Identical conditions as those m Fig 2A 
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FI$ 2. The punficatron of 350 ,ug of the peptxde Leu-Glu-Ser-Phe-Leu-Ly&-TrpLeuSer-Ala-Leu- 
Glu-Gln-Ala-Leu-Lys-Ala was accomphshcd usmg the condltxons descnhed m the iegend m Rg 1_ The 
sample was loaded m three qecuons from a solution m 5 ml of 6 M urea Part A shows the elutlon profile 
for the crude pephde mixture_ The area defined by the sohd bar wzs pooled (2 ml), dduted to 6 ml with 
O-1 U ammomum bvarbonat+. and re-chromatographed using the same condmons as m Part 4 
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F:g_ 3A shows the separation of another synthetic pepude ValSer-Ser-Leu- 
Leu-Ser-Ser-Leu-Lys-GIu-Tyr-Trp(CHO)-Ser-Ser-Leu-Lys-Glu~er-Phe-Ser 
(2 5 mg) on the Radial-Pak C,s column The separation was achieved w&h a hnear 
gradient of 0.1 M ammonium blczrbonate to 0 1 &f ammomum bicarbonat&so- 
propanol(l_4)_ The separation shown in FIN_ 3B was acheved under ldentlcal con- 
dltlons as part A, except that the sample loading was only 0.37 mg and 0.1 M am- 
monium formate (pH 7.5) replaced the 0 1 M ammomum bzarbonate in both solvent 
AandB. 
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Fig_ 3 The punfiutron of 35 mg of the pephde VaI-Ser-Ser-Leu-Leu-Ser-Ser-Leu-Lys-Glu-Tyr- 
Txp(CHO)-Ser-Ser-Leu-L_ys-GluSer-Phe-Ser on a Radml-Pak C,, column was achxeved m part A wth a 
imear _wdrcnt from 0 1 M ammomum bxarbonate to sopropanol-0 1 M ammomum bxarbonate (4 1) 
The absorbance was momtored at 300 nm WI&I 2 0 a u f s Run B was achieved usmg ldentxal condmons 
except that ammonium formate was used mstead of ammomum bxarbonate In ths analyns the absorbance 
was. momtored at 230 nm wth 0 t au f_s_ and 0 370 mg of peptlde was loaded A guard column tilled wth 
Poraszf B C,, was used m both chromatograms 

We& and others6 have reported the use of ammoruum bicarbonate as a suitable 
mobile phase for the Radial-Pak C,, flexible-walled coh.mms. The hgh apparent pH 
of this moblIe phase (7-7-S) precludes its use wth slllconaceous supports packed in 
inflexible columns, due to the generation of column voids caused by dlssolutlon of the 
silica. The radial compression used with the flexible-walled columns circumvents this 
problem as any voids that may be generated are removed under compression. Pro- 
vided the column is washed with water and then lsopropanol each evenmg, we have 
found that an extended hfe-time of at least 6 months can be achieved with Radial-Pak 
C18 or CN cohunns and the moblie phases used m this study As a further precaution 
we have recently introduced the use of a guard column filed with Porasll B C,, 
packing matenal. The elution profiles shown in Fig. 3 were achieved wth the guard 
cohmm in iine wtth the prefiIter_ We have shown7 that the guard column does not 
degrade the separation, but does allow for a sign&ant increase in column lifetime 
due both to removal of contaminants from the sample and mobile phase and to 
dissolution of slhca m the guard column (thus partially presaturating the mobde 
phase with s&a)_ 

The use of ammomum bicarbonate, with its excellent volatihty, allows the 
semi-preparative separation of synthetic peptides as the separated material can be 
simpIy isolated by freeze&ying_ The organic solvent can be also removed at this 
stage, provided the sample is dih~ed with water to allow freezing of the sample 
Alternatively the organic solvent can be removed by reduced pressure evaporation 
before the freeze-drying step. The petiuoroalkanoic acids, which also have excellent 
volatility and can be used in peptide separations*, are not suItable for use with the 
RadiaLPak C,, or CN colmnns due to the hited stab&igs of these packing ma- 
terials at low pH vahesg. Amine salts, which can be adJusted to suitable pH values, 
are not sufficiently volatiIe to allow faclie preparative separations’*. 
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The only significant problem with ammomum bicarbonate buffers is the POSSI- 
bdity of bubble formatlon with the use of either high concentrations of ammomum 
btcarbonate (OS M) or orgamc solvent (above 80%) Therefore, this mobile phase 
may not be smtable for the chromatography of extremely basic peptldes which re- 
qmre high salt concentratmns to suppress alanoptihc mteractlons We are presently 
mvestlgatmgll suitable volatde buffers for use m this circumstance 

Figs. 1-3 show that a range of synthetic peptzdes can be separated with high 
efficiency by the ammomum bicarbonate system The eluted peptldes were ldentlfied 
by ammo acid anaIysls of an acid hydrolysate (see Table I for a representative ex- 
ample) Also It should be noted that an mcrease m sample load (0 06 to 0 35 to 2 5 mg 
m Fogs. 1-3, respectively) was achieved urlth no loss of separation efficiency. Current 
studres with this system show that sample loads as high as 25 mg can be used without 
slgnlfkant loss of separatzon efficiency This result, when combmed wth the excellent 
volatdlty of the moblie phase, demonstrates the sultablhty of this system for the semi- 
preparative separation of syntheuc peptides 

TABLE I 

REPRESEPUTATIVE RECOVERIES AND AMINO ACID COIMPOSITIONAL DATA* OBTAINED 
IV THE SEPARATION OF THE SYNTHETIC PEPTIDES 

Ammo nerd Erpecled Obranzed 

se* 3 30 
Glu + Gln 3 31 
Ala 3 29 
Leu 5 50 
Phe 1 10 

LF 2 20 

-frp- 1 10 

Recoveq 87 =/o- 

* Expressed as number of residues per molecule 
*t Corrected for destrution of senne durmg aad hydrol>= 

- Obtamed by UV spectra determmatlon (/_ = 280 nm, zz8,, = 5200 I mol-’ cm-‘) 

One final feature that IS crucial for preparative separations 1s the ability to 
a&eve h@ recovenes of the punkd material- Recovenes were determined either by 
ammo acid analysts or UV spectra determination (usmg the characterlstlc tryptophan 
absorption) In all cases the recocery of the punfied matenal was m excess of 85 % 
and a typlcal example 1s shown in Table I. 

Much of the selectivity that 1s achieved m reversed-phase HPLC of peptides 
has been attnbuted to ion-palring I2 and sdanophlllc mteractions5. As is shown by a 
comparison of the elution profiles shown m Fig. 3A and B ammonium bicarbonate 
allows excellent peak shapes which may, m some cases, be supenor to those obtamed 
with other buffers In Fig 3B, although the sample Ioadmg was sigmficantly lower 
than in part A (0 37 bs 2 5 mg), the use of ammonium formate gave broader peak 
shapes and lower recovenes than did the use of ammonium bicarbonate (see part A) 
The success of ammonium bicarbonate as a mobile phase additive can be related to 
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the presence of ammonium ions which wttl suppress unwanted silanol-solute mterac- 
tions, whrIe bicarbonate may have similar ion-pair effects to that of phosphate*_ 

In conclusion this report demonstrates that ammomum bicarbonate solutions 
when combined with suitable orgamc modifiers allows the facile semi-preparative 
HPLC separation of synthetic peptides_ Thii system gtves excellent peak shapes m a 
separation, as welI as yielding pm&d peptides wtth excellent recoveries after a simp!e 
freeze&ymg step. 
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