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STJMMARY 

A simplified method for purification of gastrointestinal neuropeptides from relatively 
small amounts of tissue is described. Sequential adsorption, gel filtration, ion-exchange 
chromatography, and high-performance liquid chromatography without lyophilization 
produced good yields of somatostatin, hombesin, and vssoactive intestinai poiypeptide 
immunoreactivity. The method is suitable for simuitaneous purification of several small, 
basic peptides from limited amounts of starting material_ 

INTRODUCTION 

Vasoactive intestinal polypeptide Cl], somatostatin 121, and bombesin 
[3] are polypeptides which were first purified from hog intestine, ovine hy- 
pothalaks, and frog skin, respectively_ Localization of their immunoreac- 
tivities to nerves in brain and gut f&s&s [4-111 has-prompted speculation 
that they may f’unctioti as-neurotransmitters. Most biological studks to mea- 
sure effects of these peptides are performed in species other than those horn 
which the peptides were purified, despite evidence for species differences in 
molecular stru&ure [12-141. Furthermore, multiple molecular forms of 
these peptides have been ~deskibed 114-16) i However, low tissue concen- 
trations and limited tissue_~availability have discouraged attempts at purifica- 
tion of t&se .p&ptides -from other species. This paper describes a relatively 
ea.s$ -and -efficient technique for the purification of these peptides, firesum- 
ably -of nkvous origin, .frorn the’ muscle layers of canine small intestines, 
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EXF’ERIMENTAL 

Equipment 
High-performance liquid chromatogmph_ An Altex Scientific (Berkeley, 

CA, U.S.A.) Model 312 MP liquid chromatograph equipped with a 210 sample 
injector and an Altex Hitachi 155-40 detector was employed_ All separations 
were performed on a reversed-phase C-18 Ultrasphere ODS column (5 pm 
particle size, 250 X 10 mm) also from Altex_ 

Vacuum centrifuge. A Speed Vat Concentrator (Savant Instruments, Hicks- 
ville, NY, U-S-A_) Model SVClOOH was used to concentrate purified peptide 
solutions_ 

Reagents and chemicals 
Acetone, ammonium acetate, and phosphoric acid were from Mallinckrodt 

(St. Louis, MO, US-A.) HPLC-grade water and acetonitrile were from Baker 
(Phillipsburg, NJ, U.S.A.)_ Synthetic bombesin, somatosmtin-14, somatostatin- 
28, and vasoactive intestinal polypeptide were from Peninsula Labs. (San 
Carlos, CA, U_SA_)_ Synthetic gastrin releasing peptide was a gift from Dr. 
J_ Rivier (Salk Institute)_ Amber&e XAD-2 was from Sigma (St. Louis, MO, 
U.S.A.)_ CM-Cellulose was from Whatman (Clifton, NJ, U.S.A.)_ Sephadex 
G50 was from Pharmacia (Piscataway, NJ, U.S.A.). 

Methods 
Radioimmunoassay. Bombesin-like immunoreactivity (BLI), somatostatin- 

like immunoreactivity (SLI), and vasoactive intestinal polypeptide-like im- 
munoreactivity (VLI) were measured by radioimmunoassay as previously 
described 1171 using antibodies 1078 which is specific for the carboxyl ter- 
minus of bombesin, 7812 [18] which is specific for the ring-portion of so- 
matostatin, and 7913 1141 which is specific for the carboxyi terminus of 
vasoactive intestinal polypeptide. 

Tissue extraction_ Two dogs weighing 18 and 20 kg were killed by injec- 
tion with Repose (6 ml i-v_)_ The entire small intestine was removed and 
immersed in boiling water (5 ml/g) within 15 mm of sacrifice. After boiling 
for 5 mm the small intestine was opened and the mucosa layer was removed 
from the muscle by scraping. The muscle was blended in 4.5% acetic acid 
(2 ml/g) for 3 mm; then acetone was added (7 ml/g) and the mixture stirred 
for 6 h at 4” C. The tissue was centrifuged for 30 min at 3000 g at 6O C_ Acetone 
was removed from the supernatant by rotary evaporation. The remaining 
supematant was centrifuged for 1 h at 3000 g at 6” C. 

Amberlife XAD-2 chromatogrxzphy. The concentrated extract was loaded 
directly onto an Amberlite XAD-2 column (30 X 5 cm) that had been washed 
with acetone, methanol and equilibrated with water. After loading, the column 
was rinsed with water until the absor&ance at 280 nm (A& was less than 
0.05. The column was then eluted with 100% methanol (1 1) until eluate had 
an A2s0 of less than 0.01. Glacial acetic acid was added (2 ml) to the pooled 
methanol eh&e which was then concentrated to 65 ml by rotary evapora- 
Eon and cez&ifuged_for -1 h at 3000 g at 6” C. 

Sepkadex G-50 ckromatogmpky. The supematant was loaded onto a Sepha- 
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dex G-50 SF column (5 X 140 cm) and eluted with 1% acetic acid at a flow- 
rate of 80 ml/h. Eluted fractions (10 ml) were assayed for BLI, SLI, and 
VLI. The elution profile of this column is shown in Fig. 1. 

CM-Cellulose chromatognzphy. Fraction I, containing VLI, and fraction 
II, containing SLI-I and BLI-I (Fig. 1) were separately chromatographed on 
a CMcellulose column equilibrated in 0.1 M ammonium acetate, pH 5.0. 
The columns were rinsed with 200 ml 0.1 M ammonium acetate, pH 5.0, 
and eluted with a 300-ml linear gradient of ammonium acetate (0.1-l M, 
pH 5.0) at a flow-rate of approximately 20 ml/h. Fractions (5 ml) were col- 
lected, and assayed for the immunoreactive peptides. 

Gradient HPLC. CM-Cellulose-purified ELI-I, SLI-I, and VLI were loaded 
onto a C-18 reversed-phase HPLC column equilibrated in 0.25 M triethyl- 
aminophosphate, pH 3 (TEAP). After loading 75-100 ml samples, the column 
was rinsed with TEAP and then eluted with a linear gradient of acetonitrile . 
from 0% to 30% over 60 min, then at 30% for another 30 min at a flow-rate 
of 2 ml/min. Fractions of 2 ml were collected and assayed for immunoreac- 
tive peptides, Peptides eluted l-12 min after reaching 30% acetonitrile. 

Small intestinal muscle 
I 

(1) Rxtract and centrifuge 
(2) Remove acetone, centrifuge 

Crude extract 
I 

(I)- Load on to XAD resin 
(2) wash with water, elute with 

methanol, remove methanol 

XAD-Purified peptides 

I 

I Sephadex G-50 chromatography 

I I I 
Fraction I Fraction II Fraction III 
(VLI) (BLI-I, SLI-I) (BLI-II, SLI-II) 

I 
CM-ceIIulose / \ notpurifiedkther 

VLI Fraction A Fraction B 
BLI-I (65%) BLI-I (35%), SLI-I 

Gradient HPLC 
I 

Gradient HPLC 
I 

VLI BL;-I SLI-I 

I 
Isocratic HPLC kocratic HPLC 

I 
VLI BLI-I SLI-I 
(1700X) (3825X) (7600X) 

Fig. l_ Fldw diagram of the purification proce&e. 
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isocratic NPLC. Gradient-purified BLI-I, SLI-I, and VLI were each pooled 
and concentrated to 3 ml in a Speed-Vat Concentrator. These concentrates 
were chromatographed isocratically on a C-18 reversed-phase HPLC column 
with 74% TEAP and 26% acetonitrile at a flow-rate of 1 ml/min. F’ractions 
of 1 ml were collected and assayed for immunoreactive peptides. 

RESULTS 

A fiow diagram of the purification procedure is depicted in Fig. 1. As 
shown in Table I, the acid--acetone extracts of intestinal muscle from two 
dogs (462 g) yielded 101 nmol of VLI, 16.2 nmol of BLI, and 7.6 nmol of 

TABLEI 

RECOVERY OF BLI,SLIA.ND VLIFROM 462 g CANINE SMALL DITESTINAL 
MUSCLE 

Step Immunoreactivity ShP Cumulative nmol/A,,, Purification 
(nmol) recovery recovery ratios 

W) (W) (X) 

TotalBLI BLI-I 

Extract 

G-50 
CJdCelbllOSe 
Gradient 

HEXC 
ISOcratiC 

H_PIc 

16.2 100 100 O-004 1 
14.7 91 91 0.035 8.8 
13.2 9.9* 88 81 O-31 77.5 

9.4 95 77 2.1 525 

5.8 

4.1 

Extract 

G-50 
CM-cellulose 
Gradient 

HPLC 
Isocratic 

EIPLC 

TotalSLI SLI-I 

7.6 100 100 0.002 1 
6.9 90 90 0.016 8.0 
6.3 3.8* 92 83 0.15 75 

3.7 97 80 0.74 370 

3.5 

3.1 

Estract 

G-SO 

CM-Cellulose 
Gradient 

HPLC 
Esocratic 

I-n?Lc 

VLI 

101 
66 
60 
45 

40 

31 

62 

80 

95 

89 

100 
65 

;; 

90 

77 

36 7.7 

28 15.3 

76 2.3 

67 15.2 

100 
65 

40 

31 

0.025 1 
0.16 6.4 
4.0 160 
9.3 372 

33.3 

30 

1925 

3825 

1150 

7600 

1333 

1700 

*Cumulative recovery beyond this step WCS calculated for the larger components, BLI-I 
andSLI-I, sltparabd fromsmallerformsby gel filtration. 



61 

SLI. Amberlite v-2 chromatography resulted in a 6-S fold purification 
of the peptides with minimal losses except for VLI (35% loss). On Sephadex 
G-50 chromatography (Fig. 2), VLI eluted as a single peak (Fraction I) which 
was separated from the bulk of AzsO and from the SLI and BLI peaks. Both 

3 .4- 
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I 

5 
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= 
33’ 

I 

u /’ \ 
‘.__ 

, I 
700-wolnwl3oo15001700~2100~2500 

ELunoN ‘WURdIE (ml) 

Fig_ 2:. Chromatography of Amber&e XAD-2 concentrate on. ‘a Sephadex Gy50 column 
(140 X 5 cm) kb+d wi* 1% ace& a&c& (a) The immunoreactivity profiG for VLI (- - - +, 

(; - -). (b) The absorptkn profiles at 280 ti for &he same ICAD- 
--;-j, and ftir an kAi+x&one extkact -fkm an&her prepar&ion of in- 

+k&in~ :that hiid not been -applied to e-2 but lyopbilikci to- dryness; dissolved in 1% 
acetic acid, clarified by qzntrifugation and .then cbro&o@-aphed on. the same .column 
(---). 
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BLI and SLI eluted as two peaks, the larger forms (SLI-I and BLI-I) co-eluted 
in Fraction II, while the smaller forms (SLI-II-and BLI-II) were relatively well 
separated_ The peptides were purified 9-25 fold by Sephadex G-50 chroma- 
tography and the recoveries were nearly quantitative. 

Fraction I from the Sephadex G-50 chromatography, containing 90% of 
the VLI, was sequentiahy purified by Chkellulose chromatography, gradient 
HPLC, and isocratic HPLC (see Tables I and II). VLI eluted as a single peak 
in all these steps with good recovery_ However, a contaminant, possibly from 
the buffer system, co-eluted with the VLI during the isocratic EiPLC step, 
and there was no apparent purification at this step. The final purification of 
VLI was L200-fold with a 31% net yield. 

BLI and SLI-I, which coeluted during Sephadex G-50 chromatography, 
were partially resolved by CMcellulose chromatography (see Table II). One 
fraction contained 65% of the BLI-I, and the other contained 35% of the 
BLI-I and nearly all cf the SLI-I_ The low recovery of BLI-I following gradient 
EIPLC can be explained because of only 65% of the material recovered from 
CM-cellulose chromatography was used- Otherwise, the yields for the two 
HPLC steps were above 80%. Purification of BLI-I was 3825fold with a net 
yield of 28% and SLI-I was purified 7600-fold with a net yield of 67%. Unique 
absorbance peaks were associated with the immunoreactive profile for BLI-I 
at 13 min (Fig. 3) and.for SLI-I at 19 min (Fig. 4) when isocratic elution was 
done at 26% acetonitrile. The ratios of immunoreactivities to Azso suggested 
that the peptides were nearly pure, assuming the same extinction coefficient 
for each peptide as their known counterparts. 

TABLE II 

ELUTION POSITION OF THE IMMUNOREACTIVE PBPTIDES DURING PURIFICATION 

VLI BLI-I SLI-I 

G-50 peak (%)* 
CR”r3~~ F&-66) 

=Pd 0.45 O-33 
(Range) (0.39-0.52) (0.15-0.43) 

Gradient HPLC 
(min after 30%) 1 6 

Isocratic HPLC (min) 9 13 

*Percentage from protein to salt peak- 
**Concentration of ammonium acetaste (hi). 

&i-7) 
0.40 

(0.26-0.53) 

12 
19 

It was found that immunoreactive VIP is homogeneous and similar in gel 
permeation elution characteristics to porcine VIP while both bombesin and 
somatostatin immunoreactivities eluted in two major forms (Fig. 2). The 
larger forms of BLI eiuted in a similar position to porcine gastrin reIeasing 
peptide while the larger form of SLI eluted in a similar position to porcine 
somatmtatin 28 (Table III). The smaller forms eluted in similar positions 
testing bombesm (BLI-II) and to somatostatin 14 (SLI-II). 
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Fig. 3. Isocratic HPLC elution profile of the gradient-purified BLI. The dotted line shows 
the immunoreactive profile, and the dashed line the absorbance at 280 nm. Details of 
the chromatography are in the Methods section. 

Fig. 4. The isocratie HPLC elution profile of the gradient purified SLI. The dotted line 
shows the immunoreactive. and the dashed line the absorbance at 280 nm. Details of the 
chromatography are in the Methods section. 

TABLE III 

ELUTION POSITIONS OF EXTRACTED PEPTIDES AND STANDARD PEPTIDES ON 
SEPHADEX G-50 COLUMNS 

Peptide Elution (%)* 

Porcine VIP 44 
Canine VLI 44 
Porcine gastrin releasing peptide 53 
Canine BLI-I 56 
Porcine somatostatin 28 50 
Canine SLI-I 
Frog bombesin 14 7”: 
Canine BLI-II 83 
Porcine somatostatin-14 86 
Canine SLID 86 

*Percentage from protein to salt peak on an am&&al G-50 (SF) column (100 X 1 cm) 
eluted with 3% acetic acid.. 
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DISCUSSION 

We have demonstrated that substantial quantities of three neuropeptides 
can be puriEed from limited amounts of tissue, Canine intestinal muscle 
VLI, BLI, and SLI have been purified several thousand times with final recov- 
eries ranging from 28-67%. Indeed, ah three peptides would have been isolated 
with yields of better than 50% if only one peptide had been purified at a 
time. Such yields suggest that our protocol may be applied to purify peptides 
from material that is not readily available such as fresh human tissues or un- 
usual hormone-secreting tumors_ 

Rigorous maintenance of acidic conditions was required to achieve optimal 
recoveries of these basic peptides. Aside from inevitable losses caused by 
multiple isolation from single extracts, losses greater than 10% occurred only 
at steps that required concentration of peptide solutions. Thus, Amberlite 
XAD-2 chromatography was a particularly useful first step in purification 
since it result& in a 6-8 fold purification and concentrated the solution ap- 
proximately 4fold without the losses that occur during lyophilization or 
rotary evaporation_. 

The HPLC steps resulted. in a substantial purification of peptides with 
minimal losses_ Apparent contamination of VLI in the final isocratic HPLC 
step was of some concern, To avoid further contamination, new HJ?LC systems 
for purification of VIP are currently under investigation. This relatively simple, 
rapid, and efficient protocol may be useful for future purifications of numer- 
ous polypeptides from a variety of tissues available only in limited quantities. 
This should prove to be especially useful in the characterization of human 
peptides. 

The results furthermore indkate that immunoreactive VIP in canine muscle 
is homogeneous while immunoreactive somatostatin and bombesin are heter- 
ogeneous, with about ‘70% respectively present as large forms_ This purifica- 
tion scheme is suitable for purification of both large and small forms of heter- 
ogeneous basic neuropeptides. 
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