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From acidjethanol extraets of surgical specimens of human lurge inlesting we isoluted (wo peptides, in approximately equal amounts, that rescted
with an antiserum against poreine galanin, By amino acid analysis, sequence danalysis und mass spectrometry, the larger of the two peptides was
found to consist of 30 amino acid residues, the sequence of which was identical to that.of porcine galanin exeept for the following substitutions:
“Valte, Asn'?; Asn®®; Thit® and Serd. Unlike porcine galanin, the carboxy-terminus was not amiduted. The smaller peptide corresponded te the.
first 19 amino acid rexidues counted from the N-terminus of the 30 residue peptide (again without amidation), The structural analysis was repeated
on another batch of tissue with identical results, By HPLC analysis of extricts of specimens from » further 4 patients, the sume peptides were
identified. Thus, human galanin includes two peptides of 19 and 30 amino acids that share the sequence of the N-termiinal 15 residues wnh ather
mammalian galanins, but exhibit characteristic dnﬂcrenccs In the remaining part of the motecules.

Progalanin, Posttranslational prou:ssmg; Neuropeptide; Amidated peptide

. INTRODUCTION

Galanin was originally identified as a neuropeptide of
29 amino acids in extracts of pig small intestine by the
use of a chemical detection method [1]. Galanin-like
immunoreactivity (GAL- -LI) is ‘present in the central
‘nervous system,;. the peripheral nervous system, pan-
creas and adrenals [2].

Consistent with its widespread Jocalization galanin
controls various biological activities: it regulates growth
hormone . release, it contracts smooth muscle
of the gastromtestmal and genitourinary tract, it

-modulates insulin release and ‘may be involved in
the control of adrénal secretion [2,3]. By means of
molecular biology techiniques the structures of rat and
bovine galanin have also been deduced [4,5].

The three animal forms are identical with respect to
the first 15 residues but differ at several positions in the
C-terminal part. The sequence of human galanin is not
known, but the molecule does not react with antisera

against the C-terminal region of porcine galanin,
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“indicating that also human galanin differs: from its

porcine counterpart in this region [6].
This difference may have important functional impli-
cations. Thus porc.ine galanin and rat galanin inhibit in-

- sulin secretion in rats and dogs, but has no effect on
'glucose-mduced msulm secretion in man and augments

insulin secretion from isolated perfused pig pancreas
[7-9]). These results illustrate the importance of study-
ing the effect of the regulatory péptides in the autolo-

- gous species. It is therefore essential that the structure
~of human galanin is known, allowing synthesis of the

peptide and its subsequent use in functional studies.

‘Here we report. the isolation and structure of two,
galanin - immunoreactive forms from normal human’
colon,

2. MATERIALS AND METHODS

2.1. Galanin radmmmmnoassay
In all purification steps GAL-L] was momtored by radxmmmuno-.

"assay based on a non-C-terminally directed  antiserum (RAGS)

produced in - rabbits {10). Synthetic porcine galanin: (Bachem,
Bubendorf, Switzerland) was used as standard and as tracer, labeled
according to .the stoichiometric chloramine-T method [9]. The
purification of the labeled: material was pérformed as described [3]).
lncubation condition‘s and separation were as described in [9].

2 2. bxrracnon procea‘ure . ‘

Pieces of normal human colon (14 speclmens of varymg sizes, 880 g
total) were obtained during surgery on the gastrointestinal tract (ap-
proved by the Local Ethical Committee), cléaned from the fat and the
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wresa aud immediately Mrozen. Acld ethanal extracts were prepared
according w0 the method 1 fn [LI] Belefly, froeen titsue was
homogenized in 4 vols of acidfethanol and centrituged. Five valumes
af jeecold diethy} ether were added 1o the supernatant and the
agueous phase was lvotired at =30°C. The precipliate was. (en div-
solved in disdlled waier containing I M urea and subjemd w©
ehwmawnmphy.

‘A total of 840g of human eolon was subjected 1o & serles of

chromatographic procedures for purificaton. The fractions ehned
from the different columns were dried with the use of a vaeuum
centrifuge, except for & small aliquot thar was ssxayed after recon-

stitution in assay buffer. Immunoreactve fractions were subjected to

further chromatography. Extracts of specimens from four patients,
cach welghing 10 g, were subjected separately to highs perfarmnce
liquid chromamgrnphy (HPLC) idemmcmlan studies s desv.nbccl
below, ‘

2.3, Purlfication

The tissue extracts were subjected to gel permeation ehrommm
grapliy either on 50 1000 mm (K350/100) or on 16x 1000 mm
K167100 glass columns packed  with Sephadex G.50 Tine grade
{Pharmacla, Uppsala, Sweden), equilibrated and eluted with 0.5 M
-acetic acld at a flow rate, respectively, of 1 miZmin and 0.4 mil/min,
Trace amounts of '**I-labeled albuniin and ¥ NaCl were ndded to all
samples prior to gel filtration tor internal calibration. Ky, the coeffi-

cient of distribution, was then calculated for all fractions using the-

cquation: Kyw (V= Va)/ Vi where Ve is the clution volume of '**I-
‘albumin, and ¥ the availableinner volume of the column, determined
as the difference between the elution volumes of **Na and '*1; Frac-
tlons containing’ GAL-LI were then subjected to reversed phase
HPLC, separately for the initial run, then as a pool of cacluting
fractions  with GAL-LI. The HPLC columns were packed with

Nucleosil 300-7 4m CaHs, 1207 x4m CN, and 300-5. zm. C-18'

(Macherey-Nagel, Duren, Germany) and eluted (employing LKB
HPLC  equipment) with gradients - of varying steepness of
cither acetonitrile/water/trifluoracetic - acid - (ACN/water/TFA)
(A,0:99.9:0.1; and 'B,99.9:0:0.1) or acetonitrile/water/hepta-
fluorobutyric - acid: (ACN/water/HFBA) (A, 0:99.85:0.15; and
B, 99.85:0:0.15) (ACN HPLC grade, Rathburn, Walkerburn,
Scotland) (TFA and HFBA from Pierce Europe BV, The Nether-

lands). The immunoreactive material ‘was' chromatographed. with

increasingly - shallow gradients until two resulting immunoreactive

peptides seemed pure as judged by absorbance at 226 nm (Fig. 1). The -

final run was performed with ACN/water/HFBA gradients. from
30% to 36% of B in 30 min for one form and from 28% to 34% of
B in 30 min for the other one. Prior to further analysis the purified
peptides were concentrated on a narrow-bore Vydac C8 column (code
no. 208TP5215, 2.1 x 100 mm) at'a flow rate of 200xl/min using a
Hewlett Packard HP 1090 system equipped with diode array detector,
The absorbance was monitored at 214 nm and the gradient was
ACN/water/TFA, ‘

2.4. HPLC ldenuﬁcanon ‘

The extracts of 4 pieces of human colon were separately m,;ecled
(after addition of 10% ACN) onto a column with 300- -5 um C18 as sta-
tionary phase and eluted with gradients as above. The retenition times
of the lmmunoreanve components were then compared with those of
the isolated forms.

2. 5 Amino acid analysis ‘

" Analysis of 10% of the punﬁed peptides- was pertormed -after
hydrolysis  for 20h in 6N HCI in gas phase at 110°C.  The
hydrolysates were analyzed on ari Aminoquant system. (Hewlett~
Packard). All chemicals were analytical grade and all solvents were
HPLC-grade.. '

2. 6 Sequience analysis

The sequences of the punﬁed pepndes were detexmmed on an
automatic protein sequencer (Model 475A, ABI (Applied Biosystems
Instruments)) equipped with on-line HPLC detection for the PTH-
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Fig. 1. Isolation of GAL-LI frem human colon, The cohcentrmion
of GAL-LI was monitored by radioimmunocassay (left ordinate scale)
using anon-C-terminally directed antiserum, (A) Shows the IR profile

-‘at gel filtration: the concentration is plotted against Ky, the coeffi-

cient of distribution, calculated as described in the text. In (B) and (C)
are shown the last reversed phase HPLC runs (on a C18 column) of
the first-and the second peak identified by th~ gel filtration (the peaks
were subsequently used for sequence determination and PDMS), The

- immurioreactive.  material * was- eluted with a gradient' of

ACN/water/HFBA. The concentration of GAL-LI (in histograms) is

plotted against the percentage of acetonitrile (ACN, extrerne right or-

dinate scale) and the absorbance (ABS on the right ordinate scale) ex-
pressed in arbnraly units,

derivatives (AB 120A). For this chromatography a C-18 3 #m column
(5-7943, Supelco, PA, USA) was used. Solvents were those recom-
mendedby ABI (A: 16 mmol/1 NaAc, pH4.0in 5% tetrahydrofuran;
B: 5mmol/l dimethylphenylthiourea in acetonitrile). With -this

-column it was possible to completely separate Trp from the sequencer
byproduct N,N' -dnphenyl urea.

2.7. Mass spectrometry (PDMS)

Molecular mass determination was carried out on a Bio-Ion Bin
10K plasma desorption time of flight mass spectrometer (Bio-lIon AB,
Uppsala, Sweden). Approximately 50 pmol of each peptide were ap-
plied to aluminized mylar foil coated with nitrocellulose in 24} of
0.1% TFA and dried as described in [12). After insertion of the¢ sam-
ple in the mass spectrometer it was bombarded with fission fragments
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from a w-,u(i’t HEer source. The spectra were recarded for | s 1a*

primary fons. The M, aF the peptide was caleulated as v mean of the ‘

viluey obirained far vingle and double-charged molecular fons,

Methyl esterification 13} was carried out on approximately

30 pmel of peptide (e below), and the mass of the modificd peptide
delcrmlncd av deseribed above,

3. RESULTS

Initially 600 of freshly obtained tissue was ex-

tracted, and peptides(s) with GAL-L! were punﬂed and
further analyzed by amino acid sequencing, amino acid
analysis and PDMS, Because of the unexpected results

a further baich of 240 g of freshly obtained human

colon was submitted to the same procedure wuh tden-
tical 1csults

Table ]

Sequence un*\ly;u& of the galanin IR peptides elutmg at the reversed
- phase HPLC at 32% and 30% of ACN :

Yields are corrected for buckground as well as lag. In both peprides
amino acid 2 was identified both as genvine PTH-Trp and as a
derivative of PTH-Trp that etuted midway between NN "-diphenyls
thiourea and NN “diphenylurea,

Cycle:  PTH-derivative ' 32% ACN form - 30% ACN form

Yield (pmol) Yield (pmol)

1 Gly 106 181
2 Tep 12 80
3 Thr S 18l 218
4 Leu 86 96
L Asn 50 . 82
6 Ser 83 150
7 Ala. 63 91
8 Gly 44 ‘ 57
9 Tyr : 60 ‘ 54
10 Leu 52 73
11 Leu .. 51 6B
12 ‘ Gly 36 46.
13 Pro 28 72
14 His , 13 C26
15 ‘Ala .30 68
16 - val 29 ‘ 53
17 Gly 21 29
18 Asn 10 45
19 ‘ His * 4
20 Arg 12

21 S Ser 29

22 ‘Phe 23

23, Ser 21

24 Asp 18

25 Lys 2

26 CAsn : 5

27 Gly: 7

28 Leu i 10

290 Thr 10

30. Ser 13

*Not found in this run-due to injection failure, but His'? was unam-
biguously identified in a preliminary run on a smailer amount of pep-
tide, ‘
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Thc steps of uw isolation macedure of the human
GAL-LI forms are shown In Fig. 1. The elution patterns
of the GAL-LI at the ge! filtration and the first HPLC
run were identical for the different extracts. At gel
filtration, the GAL-LI eluted in two peaks, one at
Kg=0.58, another at 0.72 (Fig. 1 A). At the final HPLC
run on a CI8 support and a shallow ACN/water/

'HFBA gradient, the Ky = 0.58 form eluted at 32% ACN
and the Ka=0.72 form at 30% ACN (Fig. 1B,0).

The HPLC identification study of extracts prepared
freshly from four specimens of colon and directly
applied to HPLC revealed for all extracts two im-
munoreactive forms with retention times that were
identical to those of the two purified forms (not
shown)

The purified pcpndcs were further studied by
amino acid sequencing, amino acid analysis and mass
spectrometry.

The form eluting at 32% ACN consmed of 30 amino
acids, the sequence of which is shown in Table I. The
amino acid composition appears in Table II and the
PDMS spectrum in Fig. 2A. The presence of Trp was
confirmed by the second derivative of the spectrum
recorded during the concentration procedure of the
sample, showing a minimum at 290 nm [14].  The
average mass of the peptide, 3157.8+3.2Da, is in
agreement. with the calculated theoretical value of
3157.4 Da, Because the precision of the PDMS in this
mass range is insufficient to determine whether the pep-
tide is COOH-terminally amidated or not, a sample was
methyl-esterified by a procedure which methylates all
carboxyl groups (and thus add 14.02 atomic mass unit
for each) in the molecule [13]. The resulting mass spec-
trum (Fig, 2B) showed a methylated average mass of

'3186.1 + 3.2 Da. This mass increase corresponds to two

: Tabic 11
Aniino acid analvsis of the two human galanin forms, 1~30 and 1-19‘

For the analysis, 50 and 45 pmol, respectively, were hydrolyzed Trp
. was not determined.

Expccted Galanin

Number of Expected - Galanin
residues: L - 1-30 1-19
" Aspartic acid 4 3.9 2 2.2
Glutamic acid 0 1 0.2 0 0.5
Serine 4 33 | 1.1
Histidine 2 21 2 2.0
Glycine 5 5.0 4 4,3
Threonine 2 1.7 1 1.1
Alanine 2 1.9 2 2.0
Arginine 1 1.1 0 0.2
Tyrosine i 0.9 1 0.9
Valine 1 1.0 1 1.3
Isoleucine 0 0.1 0 0.2
Methionine 0 0.0 0 0.1
‘Phenylalanine : 1 1.0 0 0.5
- Leucine 4 3.9 3 3.3
Lysine I 1.3 0 0.4
Proline i 1.0 1 1.2
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Fig. 2. (A) PDMS spectrum of intact human galanin 1-30. Approximately 50 pmol was applied 10 a nitrocellulosc-covered aluminized mylar target.,
(B) PDMS spectrum of human galanin after' methyl esterification. Both spectra have been background subtracted.

methyl groups indicating the presence of two non-
~derivatized carboxyl groups. When compared with the
sequence (a single acidic side chain in addition to the C-

terminal a-carboxyl group) it may be concluded that

none of them . are blocked, i.e. the pepude is not
carboxy-amidated at its C-terminus,
The peptide eluting at 30%. ACN consisted of 19

amino acids (Table II), the sequence of. which is

reported in Table 1. From‘[hier PDMS _spectrum (not
‘ed, in agreement with the calculated theoretlcal value of
1964.2 Da for this peptide. By methyl esterification a
single free carboxyl group was 1dent1f1ed i.e. the C-
“terminal one (not shown).
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" 4. DISCUSSION

Galanin was first isolated as a 29 amino acid residue

‘peptide from extracts of pig intestine by the use of a

chemical method detecting amide groups [1]. The
finding in the cDNA of rat and bovine Species of a
signal for Gly in position 30 led to the assumption that,
in general, galanin is a. 29 amino acid resxdue, C-
terminally amidated peptide [4,5].

By the use of a radioimmunoassay based on an anti-

- serum against the N-terminal part of porcine galanin we

now isolated two peptides with galanin-like immuno-
reactivity from extracts of human colon and determined
their primary structure. The two peptides consisted of
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Fig. 3 Comparison of mammalian galanin sequences.

30 and 19 amino acids and occurred in almost equal
amounts as judged from the immunoreactive signal ob-

tained by gel filtration and HPLC. Upon sequence.

analysis it turned out that the 19 amino acid peptide
corresponded to the 1-19 sequence of the larger pep-

tide. The first 15 amino acids of the peptides are iden-
tical to those of the porcine, rat and bovine galanins, -

but several substitutions characterize the C-terminal
part of the sequence (Fig. 3). Compared with porcine
galanin there are changes at positions 16, 17, 23, 26 and
29, Surprisingly, the human galanin is not a 29 amino
acid residue, C-terminally amidated peptide. It has a
Ser in position 30, substitutingthe Gly that functions as

an amide donor in the other species. The other variable

amino acids occur at the same positions in all species
and can be explained by single base substitutions for the
changes at positions 16, 17, 26, 29 and 30, the change in
23 is more extensive, involving two substitutions when

the couples pig-man, pig-rat, cow-man and coW»rat‘

are compared. A single base substitution characterizes
the difference between pigs and cows at this position.
 The existence of more than one molecular form of
galanin in humans was suspected from gel filtration
studies by Bauer et al. [6], who also found close to equal
amounts of the two forms. Our data show that the

smaller form is identical to the 1~19 N-terminal frag-

ment of the 30 amino acid peptide. A posttranslational
processing of the precursor to give rise to this peptide
could occur as an initial cleavage between residues 20
and 21 (Arg and Ser), a mono-basic cleavage, knownto
occur in many peptide precursors [15],
removal of Arg?° by a carboxypeptldase -B-like mechan-
ism [15].

Both the 19- and the 30-amino acxd residue peptide :
may be biologically active. Structure/activity studies

followed by

have shown that, although less potent than galanin

1-29, N-terminal fragments of galanin as small as the

1-13 fragment may bind to the galanin receptors of rat
brain and pancreatic islet tissue and to receptors of
insulinoma cell lines (16-19), and the 1-20 fragment
was reported to be equipotent with full-length galanin

- with respect to the effeci on intestinal motility in dogs

[20]. On the other hand, changes in the N-terminal
region of the molecule were generally associated with
complete loss of biological activity. However, biolo-
gical effects of C-terminal fragments.have also been

described [19,20] and it therefore remains possible that
" the 1-19 and the 1-30 amino acid molecules differ with

respect to their biological activity. Future studies with
synthetic peptides prepared according to the sequences
reported here should provide answers to these questions

~and may also throw some light on the question of the

physiological actions of human galanin(s) in humans.
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