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115. Synthesis of the Gastrointestinal Peptide Hormone Secretin 
by the Repetitive Excess Mixed Anhydride (REMA) Method 

by Arie van Zonl) and Hugo Christiaan Beyerman 
Laboratory of Organic Chemistry, Technische Hogeschool, 

Julianalaan 136, Delft, The Netherlands 

(30. VII. 75) 

Sunzmary. The REMA method was found to be very suitable for the synthesis of secretin. The 
procedure was rapid, since on a 0.2 mmol-scale the rate of one amino acid per day could be at- 
tained, and yielded an unambiguous product after simple ion-exchange chromatography. REMA- 
secretin was found to  be chemically identical with secretin prepared by fragment condensations 
and showed a biological activity of 3.4 (2.9-4.3) clinical unitslpg, comparable to that of the natural 
product (4 clinical unitslpg). The yield of purified secretin, a beptacosapeptide amide, calculated 
on the basis of C-terminal residue, amounted to 5%. 

I .  Introduction. - By the method which one of us has called the repetitive 
excess mixed anhydride or REMA method [l] a noriapeptide was synthesized by 
Tilak [2]. Subsequently we effected by this method the complete synthesis of sequence 
1-10 of human growth hormone (HGH 1-10) [3] ,  the luteinising hormone- 
releasing hormone (LH-RH, or Gn-RH) [4], also a decapeptide, substance P [5], an 
undecapeptide, and sequences of human calcitonin of approximately the same size [6]. 

In order to ascertain the maximum limit for chain length of pure REMA-syn- 
thesized peptides, the synthesis of secretin (Scheme I), a gastrointestinal hormone 
composed of 27 amino acid residues, was now undertaken2)s). In a previous com- 
munication we reported on the REMA-synthesis of the C-terminal protected 
hexadecapeptide of secretin [lo]. The limit for chain length of a purifiable peptide, 
obtained by sequential synthesis using the solid phase method [111 [12], had already 
been reached. 

Scheme 1. (cf. [8] . )  The amino acid sequence of fhe (porcine) hormone secretin 

H-His-Ser-Asp-Gly-Thr-Phe-Thr-Ser-Glu-Leu-Ser-Arg-Leu-Arg- 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  

-Asp-Ser- Ala-Arg-Leu-Gln-Arg-Leu-Leu-Gln-G ly-Leu-Val-NHz 

15 16 17 18 19 20 21 22 23 24 25 26 27 

1) 

2)  

Taken, in part, from the Ph. D. Thesis of A .  uuw &on, Technische I-Iogeschool, Delft, 1974. 
Standard abbreviations are used for amino acids and protecting groups [7]. In addition, CHA 
for cyclohexylalanine, DCHA for dicyclohexylamine, DMF for N, N-dimethylformamide, 
DMSO for dimethyl sulfoxide, NMM for N-methylmorpholine, TFA for trifluoroacetic acid, 
and TLC. for thin-layer chromatography. 
Communicated in part in a lecture (H.C.B.) Basler Chemische Gesellschaft, February Zlst, 
1974; published in abbreviated form [Sj, and in a preliminary communication [9]. 

3) 
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2. Fundamental precepts for sequential synthesis. - Stepwise elongation 
couplings should take place as completely as possible, since otherwise failure sequences 
[13] arise. A side-reaction occurring in the REMA-method in some cases, e.g. in the 
reaction with proline, involves coupling on the undesirable side of the mixed anhy- 
dride [3] [14]. If this so-called anomalous coupling occurs, it gives rise to an N- 
terminally, permanently-blocked peptide, a so-called truncated sequence [13]. As 
the synthesis continues the molecular weight of any truncated peptide will differ more 
and more from that of the peptide desired so that purification seems preferable only 
at a later stage. The difference in basicity of the various species on elimination of 
protecting groups and, in consequence, the purification by ion-exchange chromatog- 
raphy, will be discussed below. However, anomalous coupling to a considerable 
extent in a particular step, as established after deblocking, has to be avoided, just as 
in the case of coupling to prolyl peptides [3]. 

In  order to ascertain the necessary stepwise yields in a sequential (seq.) synthesis 
such as that the number of failure sequences does not preclude a reasonable yield of 
secretin, the statistical distribution of the peptide mixture formed during its stepwise 
synthesis was determined as a function of the constant coupling yield P, according 
to Baas et al. [15]. The results are shown in Fig. 1. From this it appears, for instance, 
that with a constant coupling yield of 99.9% per step, the total mol-percentage of 
secretin will be 97.4, while with a constant coupling yield of 99.8% it is only 94.9%. 
The by-products then consist of various failure sequences with chain length of 26, 
25 etc. amino acid residues. By use of fluorescamine [16] the disappearance of 99.9- 

Mol 

\ 27 

"100 9% 96 92 
COUPLING YIELD P IN % 4 

Fig. 1. Sequential synthesis of secretin, a heptacosapeptide. Relative statistical distribution of peptides 
after 26 coupling steps, as a func t ion  of a constant coupling yield P in each step. The curves marked 
26, 25, etc., represent the total mol-percentage of all possible peptides containing 26, 25, etc., 

residues 
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99.8% of the amino component could be established, which however, need not imply 
a coupling yield of 99.8-99.9%. With such monitoring the REMA-synthesis of 
secretin seemed feasible, at  least with regard to  failure sequences; the problem of 
truncated peptides will be dealt with later. 

In the REMA-synthesis, starting from the C-terminal hexadecapeptide, secretin 
12-27 [lo], a priori the following difficulties were expected: a) couplings gradually 
proceding more slowly; b) a possible Asp(3)-Gly(4) (N -+ P)-rearrangement; c) side- 
reactions during the coupling of histidine, the N-terminal amino acid residue. 

a) In view of the supposed decreasing solubility of the growing amino component 
the coupling times were expected to increase. Since this increases the risk of by- 
products, attempts were made to limit the reaction time to that corresponding to 
removal of 99.8-99.9% of amino component. For this purpose the excess of acylating 
agent was increased (2-fold instead of 1.4-fold excess) [lo]. Moreover, increase in con- 
centration of the amino component to a maximum (> 0.01 mmol/ml) was attempted. 
- b) The (Asp(3)-Gly(4))-rearrangement [17] was investigated with the aid of a model 
peptide [l8], and conditions were found for which this rearrangement was minimal or 
nil; these were applied in the synthesis of secretin. - c) 111 a preliminary synthesis of 
secretin [9] tlie excess mixed anhydride coupling of the N-terminal was avoided by 
utilizing histidine in the form of its p-nitrophenyl ester according to Bodanszky et al. 
[19]. In order to achieve the all-REMA synthesis now reported, tlie excess mixed 
anhydride coupling of histidine derivatives was investigated. The principal results for 
which the experimental data have been reported separately [ZO] are : protection of 
the irnidazolyl moiety with the Z, the Boc, BuiOCO, and Tos groups resp. was highly 
satisfactory with regard to yield and racemization. The following groups were found 
to be unsuitable, Bzl, Dnp, and Ztf ; imidazole-unprotected histidine was also un- 
suitable. Since in the KEMA-synthesis of the secretin-sequence 2-27 invariably side- 
chain protecting groups to be removed hydrogenolytically were introduced, histidine 
in the form of its [N(cc), N[imid.)-di-21-derivative, Z-His(Z), was used. All pro- 
tecting groups could then be removed in one operation by hydrogenolysis. 

3. Procedure adopted. - Starting from the hexadecapeptide 16 (seq. 12-27) [lo], 
the completely protected secretin was synthesized; detailed stepwise lengthening of 
the polypeptide chain is given in Scheme 2. 

As N-protecting group the Boc-group was used throughout except for 
histidine; previously we had also used the Z group [lo]. Deprotection was effected 
by TFA2) solvolysis. The choice of protecting groups was such that intermediate 
products could be compared as far as possible with tliose synthesized by Bodanszky 
et al. [19] (see Table 1). For this reason the side-chains of serine, glutamic acid, and 
aspartic acid were protected with the Bzl group; Thr(5) and Thr(7) were also pro- 
tected with the Bzl group, in contrast to the method described in [19] to avoid possible 
acylation of the hydroxyl group. 

In the preliminary synthesis [9] the N-terminal histidine was coupled as the 
p-nitropheny4 ester [19]; in the main synthesis ((1-2)-mmol scale) it was directly 
coupled. The progress of the coupling reaction was monitored using fluorescamine 
(see below). 
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Scheme 2. Detailed procedure for synthesis of secretirt 
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a) Calculated on preceding protected peptide; in parenthesis yields of the (l-Z)-mmol scale 

b) Nitrophenyl ester coupling. 
synthesis. Yield of protected secretin 13(22) % : average yield 93(95) yo per step. 

4. Synthesis. - The yields obtained in the preliminary synthesis and in that on 
a (1-2) mmol scale are given in Scheme 2. Protected secretin could be obtained, with 
isolation of the intermediates but without further purification, in a yield of 13% 
(based on the C-terminal amino acid, valine) on the assumption that the deblocking 
steps always proceded quantitatively; this amounts to an average yield of 93% per 
step (calculated on isolated product). In the synthesis on a (1-2) mmol scale the 
yields were higher (presumably in consequence of smaller losses in operations on a 
larger scale, for the latter the overall yield of crude protected secretin was 22%, 
which amounts to an average step-yield of 95%. The reagent fluorescamine [16] was 
invaluable for monitoring by means of chromatographic spot tests by which the 
disappearance of 99.8-99.9% of the growing amino component could be established. 
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The lower limit of detection was 10-20 pmol. The coupling times, such as they were 
observed with a concentration of amino component of 10 pmol/ml, are shown in 
Fig. 2a and 2b. 

Up to and including the hexadecapeptide a 1.4-fold excess of mixed anhydride 
was used, after that a twofold excess. Although small differences in pH of the reaction 

h 
120 

t 
(mid 

90 

180 } 

- 

- 

6o t 30u Val Leu GLy Gln Leu Leu 

1 2  3 4 5 G 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  

chain Length 

Fig. 2a. Reaction times of couplings using REMA method; disappearence of the amino component 
(c = 10 ,umol/ml) > 99.9%; 1.4-fold excess of mixed anhydride 
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Fig. 2b. Reaction times of coufilings using REMA method: disa.ppearance of the amino component 
> 99.8% ; twofold excess of mixed anhydride; c = 10 pmol/ml 
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risk that Phe might be hydrogenated to  CHAB), such hydrogenation of Phe having 
been observed by Young et al. in their synthesis of bradykinin [2l]. The presence of 
CHA in REMA-secretin was investigated, and it was found that CHA had probably 
been formed, but to an extent of not more than 3%. After TLC. in ten systems, and 
paper-electrophoresis at  high voltage, crude unprotected REMA-secretin showed 
only one spot which was intensively fluorescamine- and ninhydrin-positive. However, 
contaminating truncated peptides could be detected by the Reindel-Hoppe reagent 
after chlorination. A suitable purification method is the counter-current distribution 
as applied by Jorpes & Mzstt [22] and by Bodamky e t  al. [19] for the purification of 
natural and synthetic secretin, respectively. It had been found, however, that 
depending on the solvent system a decrease of biological activity may occur [19]. 
The ion-exchange chromatographic method which appeares preferable had been 
successfully applied by Wiinsch et al. for purification of their synthetic secretin [23]. 
No decrease of biological activity could be observed, it was eminently suitable for the 
removal of the truncated peptides. We used SP-Sephadex C-25 and block buffers of 
ammonium hydrogen carbonate at  temperatures 0-5" to avoid troublesome evolution 
of carbon dioxide in the column (see Fig. 4)*). The loss of material during purification 
was about 50% ; actually this value is comparatively low as crude REMA-secretin 
contained about 40% of contaminating truncated sequences as evaluated by the 
amino acid incorporation (Fig. 3). The yield of purified secretin, calculated on the 
basis of the C-terminal valine residue, amounted to about 5%. UV.-detection of 
products, using 206 and 254 nm simultaneously, is shown in Fig. 4, from which the 
absence of Bzl and NO2 groups in the main product could also be deduced. 

0.15 

0.10 

- 
0.15 M 

pH 6 9 
0.075M - - NH,HCO, 0.05 M 

pH 6.5 
pH 6.7 a.mu , 

pH 6.1 

- 

Elution volume (ml) -D 

Fig. 4. Ion-exchange chromatography, SP-Sephadex C-25; full line 206 nm, dotted line 254 nm 

6. Characterization and biological activity. - After acid hydrolysis, as well 
as after enzymatic hydrolysis by aminopeptidase-M (AP-M), the amino acid com- 
position of purified REMA-secretin was in agreement with the theory (Table 2);  

4) 

_____- 
Ammonium acetate block buffers were not satisfactory. 
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a minor peak indicated the presence of ,<3% of CHA. From the AP-M hydrolysis it 
could further be inferred that no racemization, and no Asp(3)-Gly(4) (rx --f /)-re- 
arrangement had occurred, and that the glutamic acid/glutamine ratio was correct. 
Using L-amino acid oxidase (LAO), no D-amino acids (< 2%) could be detected in a 
hydrochloric acid hydrolysate. Calculated on molecular weight 3056, the peptide 
content of the lyophilized secretin (acetate, hydrate) from aqueous acetic acid was 

Purified REMA-secretin was compared chromatographically with secretin 
synthesized by Wunsch et al. [23] by fragment condensation. The two preparations 
behaved identically in a variety of chromatographic systems and on paper high- 
voltage electrophoresis. Peptide mapping, after trypsin digestion, followed by paper 
chromatography and column chromatography also indicated complete identity 
(Fig. 5). The optical rotatory dispersion (ORD.) spectra of these secretins were found 
to be identical within the limits of error (Fig. 6) ; the depth of the trough at  233 nm 
agrees with the value found by Bodanszky et al. [24]. 

Assays of biological activity of REMA-secretin are summarized in Table 3.  
REMA-synthesized secretin has a biological activity identical with that of natural 
secretin. 

70%. 

I I I I I I I I I I I I I I 

OL 50 100 
Effluent ( rn l  ) -+ 

Fig. 5. Sepavation of tvyptic peptides on amino acid analysev 

.... REMA-synthesis ( A .  vaqa Zon) 
~ Fragment-synthesis (E .  Wiinsrh et al.) 

7. Conclusion and discussion. - The REMA-method was found to be highly 
suitable for the synthesis of secretin : a rate of chain lengthening by one amino acid per 
day could be attained on a 0.2 mmol-scale; difficulties sometimes experiencedin the 
first stages of REMA-synthesis [5], owing to  the water-solubility of small protected 
peptides did not occur; all intermediates could be isolated from the reaction mixture 
in high yields by precipitation with water. Neither on a 0.2 mmol-scale nor on a 
2 mmol-scale the synthesis gave rise to any fundamental difficulties. As the peptide 
chain grew longer without increase in coupling times (see Fig. 2a and Zb), we conclude 
that the unknown conformation of the amino component is of greater importance 
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Fig. 6. ORD. cumres of secretin in water (pH 4.4) 
- REMA-synthesis ( A .  van Zon) 
- _ _ _  Fragment-synthesis (E. Wiinsch e t  a2.) 

Table 3 .  Activity of REMA-secretin on pancreatic secretion ( for  methods see r251) 

Test llssay 
animal 

Activity") Investigator 
(clinical unitslug) 

~~ ~~ ~~~~~~~~~~ 

rat intact animal 3.3b W .  Y .  Chey (Rochester, N.Y.) 
cat isolated pancreas 3.1 (& 0.15) c)  d) T. Scratcherd (Sheffield) 
dog intact animal 3.3 (2.7-4.0) e) W .  Y .  Chey (Rochester, N.Y.) 
dog intact animal 3.4 (2.9-4.3) e) M .  I .  Grosswan (Los Angeles) 

8)  For natural porcine secretin a biological activity of 4 clinical unitslpg is assumed, see [25j ; 
in all assays Jorfles-Mutt natural porcine secretin [22] was used as standard. 

b) A preliminary assay. 
c) In  parenthesis limits of error. 
d) On standing a t  4" in neutral solution 80% of the activity was lost within 3 h. 
e) In parenthesis, maximum possible range. 

than its chain length as determining factor for coupling time. The yield of purified 
secretin, calculated on the basis of the C-terminal valine residue, amounted to about 

By this synthesis the size-limit of the solid-phase method [ll], about twelve amino 
acid residues for a purifiable peptide according to some authors [12], is amply 
exceeded. The REMA-method has the advantage that the quality of the intermediates 
can always be checked, and the couplings monitored. An assertion [26] that the 
mixed anhydride method would not be suitable for repetitive couplings owing to, 
inter alia, anomalous coupling, is largely refuted by our results. However, we feel 
that the size-limit of a yurifiable peptide that can be synthesized by the REMA- 

5%. 
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method has been reached at present, a limit which is of about thirty amino acid 
residues. Further development of the method, especially for avoidance of anomalous 
coupling and for attainment of even higher constant coupling yields is needed to  
effect synthesis of considerably larger peptides. 
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Experimental part 

M.p.'s were determined with Anschiitz thermometers (samples in glass capillaries in a copper 
block). Optical rotations were measured on a Perkin-Elmer P-141 photoelectric polarimcter in a 
(1 dm)-cell and arc estimated to be correct to 1". Elemental analyses were performed by Messrs. 
M .  van Leeuwen and H.  114. A .  Buurmans.  Amino acid analyscs were carricd out by Mr. A .  va?z 
Estrik: samples were hydrolyzed with 6~ HC1 a t  110" for 24 h and run on a Locarte (bench model) 
automatic amino acid analyser, norleucine was used as an internal standard. ORD. spectra were 
recorded by Mr. J .  C .  Steeneveld using a Spectropol I spectropolariineter (Fica, Le Mesnil Saint- 
Denis, France). 

Paper-electrophoresis was carried out on Whatman grade r paper, a t  1300 V/40 mA, a t  about 
- ja, in formic acid/acetic acid/water 1: 2:30 (pH 2) with a Pherograph, Type mini 65. TLC. was 
performed on silicagel plates (Merck 254) or on cellulose plates ((Schleicher & Schiill) in the following 
systems (composition by volume) : A) chloroformjmethanol 4 : 1 ; B) butanol/pyridinejacetic 
acid/water 30 : 20 : 6 : 24; C) isopropyl alcohol/ethyl acetatc/water 4 : 3 : 3; D) Z-methyl-Z-butanol/ 
isopropyl alcohol/water 32 : 32 : 36; E)  chloroform/methanol/ 17 % ammonia 2: 2 : 1 ; F) butanoll 
acetic acid/water 4: 1 : 1 ; G) butanol/pyridine/acctic acidlwater 60:20:6: 24; H) butanol/acetic 
acid/water 40: 11 : 50; I) butanol/pyridine/water 40: 10 : 16; J )  ethyl acetate/acetic acid/water 
15 : 15: 10; I<) butanol/pyridine/water 1 : 1 : 1. Spots were detected by UV. light, or by spraying 
with ninhydrin, or fluorescamine (detection at  about 360 nm), or by Reindel-Hop@ reagent after 
chlorination. The Rf-values were often rather variablc and should be rcgarded as merely a general 
indication of chromatographic behaviour. Dr. J .  AT. A .  Baas wrote thc computer program for thc 
peptide-distribution graph (Fig. 1). 

Most protected amino acids werc purchased from the Pvote in  Research Foundation, Osaka, 
Japan, E. Merch AG, Darmstadt, West Germany, and Fluka AG, Buchs, Switzerland. The purity of 
all commercial preparationswas checked. M.p.'s, optical rotations, and TLC.-behaviour of synthetic 
products were found to  be in agreement with literature data. 

R E M A  -synthesis. - For the synthesis of protected secretin (c/. Scheme I ) ,  the coupling 
reactions (cf. Fig. 2a and 2b) were carried out according to tlic following general procedure. The 
physical properties of secretin sequences are compared with those of [19] in Table 1. Yields, 
physical properties and analytical results are summarised in Table 4, 5, and 6. 

General procedure. This differed only in one rcspect from that described in [lo] : instead of a 
1.4-fold cxcess, a %fold excess of reagent was used, e.g. 2.0 ecluiv. of isobntyl chloroforniate wcre 
added to a solution of 2.2 equiv. of I\;-protectcd amino acid and 2.2 equiv. of NMM in DMF at  a 
temperature of - 15". 



T
ab

le
 4

. 
R

E
M

A
-s

yi
zt

he
si

s 
a)

 

Se
qu

en
ce

 
M

ix
ed

 
an

hy
dr

id
e 

A
m

in
o 

co
m

po
ne

nt
b)

 

P
ro

te
ct

ed
 a

m
in

o 
ac

id
 

N
M

M
 

is
o-

B
uO

C
O

C
1 

D
M

F
 

D
M

F
 

Y
ie

ld
C

) 

m
g 

pm
ol

 p
l 

p1
 

pm
ol

 
m

l 
m

g 
pm

ol
 m

l 
m

g 
pm

ol
 

%
 

17
 B

oc
-S

er
(B

z1
)-

Sd
) 

18
 B

oc
-L

eu
-S

er
(B

z1
)-

S 

19
 B
oc
-G
lu
(B
z1
)-
Le
u-
Se
r(
Bz
1)
-S
 

20
 B

oc
-S

er
 (B

zl
) -

G
lu

 (B
zl

) -L
eu

-S
er

(B
z1

) -S
 

21
 B

oc
-T

hr
 (B

z1
)-

Se
r(

B
z1

)-
G

lu
(B

z1
)-

 
L

eu
-S

er
(B

z1
) -S

 

22
 B

oc
-P

he
-T

hr
 (B

z1
)-

Se
r (B

z1
)-

G
lu

 (B
z1

)-
 

L
eu

-S
er

(B
z1

)-
S 

23
 B

oc
-T

hr
 (B
z1
)-
Ph
e-
Th
r(
Bz
1)
-S
er
(B
z1
)-
 

G
lu

 (B
zl

) -L
eu

- S
er

(B
z1

) - S
 

24
 B
oc
-G
ly
-T
hr
(B
z1
)-
Ph
e-
Th
r (B
z1

)-
 

Se
r(

B
z1

) -G
lu

 (B
zl

) -L
eu

-S
er

 (B
zl

) -
S

 
25

 B
oc
-A
sp
(B
z1
)-
Gl
y-
Th
r(
Bz
1)
-P
hc
-T
hr
 

(B
z1
)-
Se
r(
Bz
1)
-G
lu
(B
z1
)-
Le
u-
Se
r(
Bz
1)
-S
 

26
 B

oc
- S

er
(B

z1
) -A

sp
 (B

zl
) -G

ly
-T

hr
 (B

zl
) - 

Ph
e-

T
hr

 (B
z1

)-
 Se

r(
B

z1
) -G

lu
(B

zl
) -

L
eu

- 
Se

r(
B

z1
)-

S 

(B
zl

) -
Ph

e-
T

hr
 (B

zl
) -S

er
 (B

zl
) -G

lu
 (B

zl
) - 

L
eu

- S
er

- (
B

zl
) - S

 

27
 Z

-H
is

( 2
) - 

Se
r (

B
zl

) -
A

sp
 (B

z1
)-

G
I y

-T
hr

 

B
oc

- S
er

 (B
zl

) 
11

 8 
B

oc
-L

eu
 

H
e0

 
85

 
B

oc
-G

lu
(B

z1
) ")

 

B
oc

-S
er

(B
z1

) 
80

 

B
oc

-T
hr

(B
z1

) 
68

 

B
oc

-P
he

 
51

 

B
oc

-T
hr

(B
z1

) 
50

 

B
oc

-G
ly

 
27

 

B
oc

-A
sp

(B
z1

) 
42

 

B
oc

-S
er

(B
z1

) 
36

 

2-
H

is
(Z

)O
N

p *
) 

11
4 

40
0 

34
0 

31
0 

27
1 

21
8 

19
0 

16
0 

15
0 

13
0 

12
0 

21
0 

45
 

38
 

35
 

30
 

24
 

21
 

18
 

17
 

14
 

14
 

48
 

41
 

37
 

33
 

26
 

23
 

19
 

17
 

15
 

1
4

 

36
5 

3 
31

0 
3 

28
0 

7 

24
6 

5 

19
8 

3 

17
0 

3 

14
5 

3 

13
0 

3 

11
7 

2 

10
6 

2 

B
oc

-S
b)

 4
20

 
17

8 
7 

41
8 

16
5 

93
(9

6)
 

17
 

39
0 

15
1 

7 
39

6 
15

0 
97

(9
9)

 
18

 
37

2 
14

0 
7 

37
9 

13
2 

94
(1

00
) 

19
 

35
2 

12
2 

7 
32

2 
10

6 
86

(9
7)

 

20
 

30
0 

99
 

7 
30

6 
95

 
96

(1
00

) 

21
 

27
7 

86
 

6 
26

8 
79

 
92

(9
5)

 

22
 

24
5 

72
 

4 
24

7 
69

 
96

(9
7)

 

23
8 

67
 
4
 

22
0 

61
 

91
(9

5)
 

23
 

24
 

21
2 

59
 

4 
21

0 
55

 
94

(9
7)

 

25
 

20
2 

53
 

3.
5 

20
0 

50
 

94
(9

6)
 

26
 

19
4 

48
 
1 

17
8 

40
 
83
(9
4)
 

a)
 

b
) 

c)
 

d
) e)

 
*)

 

E
xc

es
s 

m
ix

ed
 a

nh
yd

ri
de

 c
ou

pl
in

gs
 w

er
e 

ca
rr

ie
d 

o
u

t a
cc

or
di

ng
 t

o
 g

en
er

al
 p

ro
ce

du
re

 (
se

e 
ex

pe
r.

 p
ar

t)
. 

B
oc

 g
ro

up
s 

w
er

e 
re

m
ov

ed
 b

y 
T

F
A

. 
Y

ie
ld

 c
al

cu
la

te
d 

on
 p

re
ce

di
ng

 p
ro

te
ct

ed
 p

ep
ti

de
 ;
 in

 p
ar

en
th

es
is

 y
ie

ld
s 

of
 t

he
 (

1-
2)

m
m

ol
-s

ca
le

 s
yn

th
es

is
. 

S 
=

-A
 rg

(N
0z

)-
L

eu
-A

rg
(N

O
2)

 -A
sp

(B
zl

)-
Se

r(
B

zl
)-

A
la

-A
rg

(N
@

~)
-L

eu
-G

ln
-A

rg
(N

O
~)

-L
eu

-L
eu

-G
ln

-G
l~

-L
eu

-V
al

-N
H

~ 
pr

ep
ar

ed
 a

cc
or

di
ng

 t
o

 [lo
]. 

B
oc

-G
lu

(B
z1

) w
as

 li
be

ra
te

d 
fr

om
 it

s 
D

C
H

A
-s

al
t. 

E
xc

es
s 

m
ix

ed
 a

nh
yd

ri
de

 c
ou

pl
in

g 
of

 Z
-H

is
(2

) 
in

 t
h

e 
(1

-2
) 

m
m

ol
-s

ca
le

 s
yn

th
es

is
. 

w
 



1124 HELVETICA Cmmca ACTA - Vol. 59, Fasc. 4 (1976) - Tr. 11 5 

Table 5. Physical properties and analytical vesults of intermediate pmtlucfs 

Se- J’1.p. [or] 8 [w]&  Thin layer chromatography Yield (oh) ’) 
quence”) (dcc) 

Rf* RfB Rfc I i f D  Rf” Rf” 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

-230 
-300 
-300 
-310 
-305 
-310 
-320 
-320 
-310 
-310 
-325 
-310 

-29.5 -36.5 0.05 0.77 0.80 0.68 
-26 -32 0 0.78 0.62 
-18 -29 0.05 0.77 0.70 0 63 
-19 -28 0 05 0.77 0.76 0.65 
-18 -22 0.05 0.77 0.83 0.64 
-17  -23 0.15 0.77 0.85 0.66 

0.28 0.82 0.94 0 73 
0.31 0.78 0.90 0.73 
0.25 0.82 0.92 0.73 
0.10 0.81 0.89 0.68 
0.10 0.81 0.89 0.68 
0.12 0.82 0.82 0.66 

0.95 
0.95 
0.95 0.58 
0.95 0.59 
0.93 0.28 
0.95 0.52 

0.73 
0.72 
0.77 
0.62 
0.62 
0.65 

316) 
93 (96) 
97 (99) 
94 (100) 
86 (97) 
96 (1001 
92 (95) 
96 (97) 
91 (95) 

94 (96) 
94 (97) 

8 3 e )  (94) 

Overall yield seq. 1-27 13 (22) 

a) Symbols refer to Table 4 (REMA-synthesis). 
b) [a] values in degrees, c = 2, HOAc. 
C) Yield based on preceding protected peptide; in parenthesis yields of t h e  (1-2) mmol-scalc 

synthesis. 
d) Overall yield. 
e )  Nitrophenyl ester coupling according to [19]. 

For the following particular operations only representativc examples arc given. 
I~eu~zovaZ of pvolectivzg groups. The fully protected heptxosapeptidc ainide (160 nig) was 

dissolved in 60 nil of 8076 acetic acid (prehydrogenated) and hydrogenolysed for 40 h a t  room 
temp. and atmospheric pressure after the addition of 250 nig of Pd/C (log/,) catalyst. The solution 
was evaporated in vacuo at room temp. and the residue dissol\wl in 50 In1 of 1% acetic acid and 
lyophilized, yielding 124 mg of crude secretin. Analysis: Asp 1.68, Thr 1.34, Ser 2.94, Glu 2.84, 
Gly 1.78, Ala 1.11, Val 1.07, Leu 5.98, Phe 0.61, His 0.69, Arg 3.78. 

Purification ofcvude secret& was achieved by ion-cxchange chromatography on SP-Sephadex 
C-25 mainly according to the procedure of Wzinsch et al. 123). On an equilibrated 27 cni column 
(diameter 0.9 cm) 64 mg of crude secretin was eluted upwards at  about 5” (speed 20 mljh) with 
successively a) 0.0231 NH4HC03, pH 6.1, 380 ml; b) 0 . 0 5 ~  NII4HC03, pH 6.5, 600 ml; c) 0.07511 
NH4HC03, pH 6.7, 460 inl; d) 0.1531 NH4HCO3, pH 6.9, 380 ml. For detection Uvzcord I11 (206 
and 254 nm) was used (see Fig. 4). The fractions of the principal peak wcre pooled and yielded, 
alter three lyophilizations from 1% aqueous acetic acid, 27 mg of purified secretin (peptide 
content 70%, calc. on mol.wt. 3056). 

Purified REMA-secretin displayed the same chromatographic behaviour as Wiinsch’s secretin 
in the systems A-D and F-Ti, and on high-voltage electrophoresis. Amino acid analyses are given 
in Table 2. 

Enzymatic digestion. a) \Vith aminopeptidase ill (AP-M). To 100 nmol of secretin, dissolved in 
250 yl of 0.lni ‘Trisbuffcr’ (pH 7.8), a solution of 0.1 mg of AP-JI (5000 mUnits/mg; Rohm, 
Ihrinstadt, West Germany) and 5 pl of toluene were added, and thc solution left a t  37” for 24 h. 
1 he amino acid analysis gave results identical wit11 those obtained from acid hydrolysatcs, within 
the limits of error. 

b) With (L-amino acid)-oxidase. To hydrolysed secretin (60 nmol) dissolved in 200 pl of 0.201 
‘Trisbuffer’ (pH 7.2-7.5) 10 ,uI of a solution o f  (L-amino acid)-oxidase (Crotalus Adanzavzteus; 
7.97 inglml; 6.8 units/mg Prot; from Sigma Chemical Company, St.Louis, USA) and 5 111 of toluene 
were added, and the mixture shaken in an oxygen atmosphere at  37” for 24 h. In this case no 
significant racemization within the limits of error (2%) for A h ,  Val, Lcu, Phe, His, and Arg could 

,. 
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be detected; racemization of Ser, Thr, Asp, and Glu could not be determined since these amino 
acids are digested very slowly by (L-amino acid)-oxidase, if a t  all. 

c) Tryptic digestion. To 50 nmol of secretin dissolved in 1 ml of 1% ammonium hydrogen car- 
bonate, 60 pl of a trypsin (Boehringer, Mannheim, West Germany) solution (2 mg of trypsinlml of 
1 % NHdHC03) were added. After standing for 4 h at room temp. a further 30 pl of trypsin solution 
was added, 1 h later the mixture was lyophilized, and the residue was dissolved in 250 p1 of hot 
water. Peptide mapping was effected by means of paper chromatography (descending on Whatman 
no. 1, in butanol/pyridine/acetic acid/water 30 : 20 : 6 : 24) and use of an amino acid analyser : for 
results see Fig. 5. 
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