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‘Semateniatin 14 (83 14) hax been iokated fram panereatic exteagts, but apen gol fltration unnmnurcm:tivc $5 aften ehutex in two peaks, Wc isolated
© bty peakes, Bul upon sequenes analysiz andy autheniic §8 14 cauld be identifled, Dy further gel Rltration -:'tpcrimems it turned aut that both synihet-
le nrd extrictable 88 dppenred homogentous ut neuiral pH 7,3, but showed un additional, earler peak in neere ueid. After nddition al mereapleeths
anal, 1l of the 8§ eluted st thix narlmr position regardless ul'lhc pH. We conslude that pariial rcuunllanrnmdullnn nl‘.‘is explainy the heterogeneity.

Panerentic samatosintin; Prexamatostatin procewsing: Desaka'-somatoxtitiv; Pancrentic ixled

[NTRODUCT[ON

The somntostatm gene [1] {s cxpressed in numerous
cells of the body (2], including the D-cells of the pan-
creatic islets {3), Prosomatostatin (proSS), the primary
translation product is, however, subjected to differen-
tial processing in the different tissues in which it is pro-
duced. In the endocrine cells of the small intestinal
mucosa, the C-terminal part of proSS is cleaved to give
rise to somatostatin 28 (corresponding to proSS 65-92),

whereas in the pancreas this sequence of proSS gives

rise to somatostatin 14 (corresponding to proSS 79-92)
and the 1~12 fragment of somatostaun 28 (correspon-
ding 1o proSs 65-76) [4-6).

~In many studies pancreatic somatostatin, however,
shows some heterogeneity, The heterogeneity appears
by size fractionation (gel filtration} of pancreatic ex-
‘tracts, whereby somatostatin-like immunoreactivity
(SLI} typically elutes in a double-peaked pattern around
the position of synthetic somatostatin [6-10]. The two
peaks have been interpreted to indicate the presence of

iwo immunoreactive molecular forms with a slight dif- .

ference in size. In the circulation, somafostatm 14 is

- very rapidly degraded to desAla'-somatostatin 14 -

[11-13} and these two molecular forms, when mixed

- together, elute by gel filtration in a similat double-

pcaked pattern. It was therefore speculated [6,7,10]
‘that the molecular heterogeneity in paucreatic extracts
could be due to the presence of approximately equal
amounts of somatostatin 14 and desAla'-somatostatin,

The present study was undertaken to elucidate the

chemical structures responsible for the heterogeneity.
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2. MATERIALS AND METHODS

Pancreatic tmsue wak obtnined from annesthelized pigs and {m-
medintely. feazen in drey-iee. The frozen tisue was crushed and
homogenized iniee-cald neld-ethanol and further processed according
1o method 1Ein (10). In shore, the acicdhethanol extract was mixed with |
5 vels of ice-cold dicthyl ether, The aqueaus phinse, containing the ex-
tracted projeips and  peptides, was collected. at = $0°C and
reconstituled In distilled water containing in additlon 2 mol/| urea
(analytical grade). This method was chosen because among several
tested it gave the highest yiekl of somatostatin (10]. After remaval of
a small sample far ehreamatographic analysis the extragt was applied
1083 x 135 ¢emplass column packed with Techoprep C-18, 40-63 km
(HPLC Techinology, Maceleslield, Cheshire, UK) and =lutsd with o .
gradient of 20-80% ¢thano!l in water containing, in addition, 0.1%
trifluoroacetic geid (Merck, Darmstadt, Gernany). All fractionscon.

taining sonatesiatinsike immunoreazrivity ‘were pooled and sub.

jected to gel filiration on a 50 x 1000 mm borosilicate glass column
(K 50/1040, Phurmacia Fine Chemicals Uppsala, Sweden) packed
with Sephades G5O 8F, which was equilibrated and eluted at 4°C with
0.5 M acetic acid at a flow rate of 60 mi/h, Further chromatographic
analysis was performed on 16 % 1000 mm columns (K 16/100, Phar- .
macia) packed with Sephadex G50 F (Pharmacia) and eluted at a flow
rate of 20 mishat 4°C, using as eluants cither 8.5 mol/t acetic acid as
above or. the radioimmunoassay buffer: 0.05 mol/l sodium |
phosplate, pH 7.5, containing in addition .0.1% human serum
albumin (Reinst, Trocken, Behrringwerke, Marburg/Lahn, Ger-
many), 0.1 malsl NaCl, and G.6 mol/l thiomersal. **IJabelled

albumin and ¥NaClin trace amounits were added to all samples ap-

plied 15 gel filtration as internal markers, Elution positions are refer~
red to by the coeffleient of distribution, K = (Ve - V)/(Vi- V),
‘where Vg Is the'elution volume of the substance in quesnon, Vo the.
elution volume of '*1-albumin and: ¥, that of *Na,

HPLC analysis was performed using 2 4 > 250 mm column of
Nucleosil Cg 300, 10 um (Macherey-Nagel, Duren, Germany) eluted
with- mixtures of distilled water containing 0.1% of trifluoroacetic
acid (Pierce Chemical Co., Rockford, IL, USA) (phase A) and
acetonitrile {Grade S, Rathburn Chemicals Lid, Walkerburn, UK),
80% (v/v) in distiiled water containing 0.1% TFA (phase B)..

' Sequence analysis was perfortiied using an aulomatic protein se- -
quencer (Model 475A, Applied Biosystems) equipped with on-line
HPLC detection of the PTH-derivatives. To improve the separation

~of Trp from. the  sequencer bypruduct, N,N'-diphenylurea, a
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_madifieatien of he gradiem (RUN 4013 revemmandgid by Applied
Biswsrem s was employed. Cyvieing mhhm were Aot -,hrlrnlwd. 05}
they were not deteeted,

Radiolmmunesyaty for somatosatia-like immununm:hhy wav

performed s deveribed indetall In [14] using antiverum 173%, raised

against ey<liv somateyatin 14, This antiserum iv direciod ggadm the

4=1} sequence of somalevdann 14 §nd rends egually well linear and
gyelic somatoviain 8 well as exlended, medified and sherier farmy
~of wymatostatin That contain the 411 sequence 14,10, 14), Synuieus,
syeliv somatesiatin (Penlnaula Burope, Memgn!de. St. Heleny, UKD,
wax used far andards and monaiadinaled L Tyrl sanatastaln (a
generous gin from the Novo Rescardh Instivnte, Bagsvaerd, Deamark)
©war xetl uy tracer, Fractions cluted (rom the columns were assayad
direstly when the eluant was assay buffer or else after évaperajlon in
A -vaeuur centrifuge nnd reconstitunion in assay buffer, ‘ ‘

‘3, RESULTS .
Fig. 1A shows the elution profile of immunoreactive

somatostatin in the extract prepared from potreine pan-

. ¢reas, a sample of which was applied 10 a Sephadex G50
F column and eluted with acetic acid. The SLI appeared
as g broad double peak with Ky values around 1.0, The
extract was concentrated by chromatography on Techo-
prep Cig (Fig. 1B), from which the SL1 eluted as a nar-
row peak. Upon rechromatography on Sephadex G50

(acetic acid) the double peak profile was retained (not’
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Fig. 1. Purification of porcine pancreatic somatostatin. Panel A

shows the gel Tiltration profile of SLI in an acid-ethanol extract of
pancreas applied directly to a Sephadex G50 column eluted with acetic

acid. The effluent SLI conceniration is plotted against coefficient of -

distribution, Ky, Pane! B shows the SLI eluted from a Techoprep col-
umn with o gradient of ethanal as indicated by the dotted line. Ef-
‘fluent SLI concentration is plotted against retention time. Panel C
shows the optical density, monitcred continuously at 226 nm, of the
final HPLC run of 2 pancreatic extract, The HPLC column was
eluted with a gradient of acetonitrile as indicated by the dotted line.
All of the SL] coeluted with the homogenous peak with a retention
time of 36 min (not shown). Penel D shows the SLI elution profile of
symheuc cyclic somatostatln, dissolved in acetic acid and subjected to
gel filtration in dcetic acid.
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shawn), The immunareactive fractions were pocrléc!‘
and half of the material wax applied to the HPLC ¢ol-
umn and eluted with a lingar gradient af acetonitrile:

 (0=100% B in 103 min). The immunareactive material,
- which ¢lured ax a single homogenous peak, was paoled

and rechromatographed twice. From the last run a

- single, immunorenctive peak cluted which also ap-

peared homogenous by UV absorption (Fig. IC), The
recovery of the immunoreactive material applied to
HPLC analysis was 90%., The material was subjected 1o
sequence nnalysis. 11 was exsentially pure, and the se-
quence corresponded to that of somatostatin (4 Ala-
Qly-(Cys)-Lys-Asn-Phe-Phe-Trp-Lys-Thr.Phe.Thr-

~Ser-(Cys). The cysteine residues were not identified, but

‘holes’ in the sequence itted with Cys in posiuon 3and
14,

Fig. ID shows the eluuon profile of synthetic cyelic
samatosiatin, dissolved in acetic acid and subjected to
gel filtration in acetic acid on a K 167100 Sephadex G50
column, The elution pattern was very similar to that of

extractable pancreatic SLI (Fig. 1A), ‘

The second half of the material was used for gel
filtration analysis on both acetic acid and assay buffer
columns (Fig, 2A). Again, in acetlc.acid the SLI eluted
in a broad double peak with one peak at Ky 0.9-0.95

and another around 1,05, In assay buffer (Fig. 2B) (pH.

7.5) an apparently homogenous peak eluted at Ky 1,05,
To another sample of the pool mercaptocthanol was
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Fig. 2. Ge! filtration profiles of SLI purified from pancraas extraets
and subjected to gel filtration analysis in ecetic acid (panels A and C)
and assay buffer at pH 7.5 (panels B and D), without (tap panels) or
with addition of 2% mercaptaethanol to the applied sample (panel C)

- ©of to both the sample and the elution medium (pangl D), Effluent con-

centrations of SLI are plotted against the coefficients of dlstrlhutlon, '
Ka.
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added to & concentration af 3% (v/v), and the mmérial |

wins chromatagreaphed on both the acevie acid column
ane pn the assay buffer column, Mercaptoethanol was
added 1o the assay bulfer to a concentration of 2%. As
shown in Fig. 2C and D, the mereaptocthanol trearment
changed the elution pattern of SLL. The elution position
of SL! on the assay buffer column now had a Ka of
0,90, and on the acetic acid column the heterogeneity
_ disappeared and all of lhc SLI eluted nga humogenous
peak at K.; 0. 90

4, DISCUSSION

[n order to cxplmn the upparcm heterogensity of im-

munoreactive somatostatin in pancreatic extracts our

first approach was to isolate the responsible peptides by
high pressure liquid chromatography. According 1o the

data reported by McMartin and Purdon and by
Shoelson et al. {11,12) somatostatin 14 and desAla'-
. somatostatin 14 would be readily separuble by HPLC.

However, in spite of the fact that the starting material
- ¢learly contained moieties with different gel filtration
- elution positions and the fact that neglible amounts

were lost during the HPLC purifications, the SLI

“always eluted as a single and eventually pure peptide,
with the sequence of somatostatin 14,

We then considered the possibility that varving
degrees of reduction or oxidation of the somatostatin
molecule could explain the heterogeneity. It was found
that the same material which upon gel filtration in

acetic acid showed a double peak, eluted as a single

- peak when run at a neutral pH in assay buffer. How-
~ ever, the elution position at Ky 1,08, i.e.with an elution

- volume exceeding the volurme of the total mobile phase.
of the column as determined with **NaCl, clearly in-:

dicated that an interaction between somatostatin and
the column matrix had taken place, causing the delayed
elution. This interaction might apply equally to both of

the peaks whereby the heterogeneity would be ob-

scured, Anather explanation could be that somatostatin
spontancously  cyelizises at pH 7.4 and that the
homogenous appearance was due to a predominant
presence of ¢yclic somatostatin. The experiments with
- the same column and the samebuffer but with addition
of the reducing agent, mercaptoethanol, showed that
- this explanation could be true, Thus, all of the im-

munoreactivity now ¢luted at Kq 0.9 as a slender, ap-

parently homogenous peak. Similar results were obtain-
" ed with.the acetic acid column, After mercaptoethanol
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‘nddit!on the dauble peak pattern dnsappeared andall of

the SL1 eluted at K4 0.9, In further supporn of this inter-
pretation, we found that synthetic cyelic somatostatin,
dissolved in acetic acid, also cluted in n double-peaked
manner upon gel filication in acetic acid, suggesting

- that even the synthetic material wag partly converted o

reduced, lincar somatostatin in acetic acid.

‘We conclude fram these results that the heteroneneity
was not, ng previously believed [6,10], due to the
presence of molecular forms with an amino acid com-

“position different from that of somaiostatin 4. Rather,

it. was dueto the formation of a mixture of oxidized and

‘reduced somatostatin in acetic acid. By reduction, the

molecule ncquires a linear conformation, whereby its
hydrodynamic volume increases, causing it to elute
earlier upon gel filtration. Apparently a mixture of
reduced and oxidized malecules occur in acetic acid and
this explains the appem-nnce of SLI at different eluuon

: pos:uons
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