CHOLKCYSTOKININ-PANCREOZYMIN OCTAPKPTIDE

A sample was hydrolyzed in 6 N HCI at 110° for 22 hr and theu
analyzed in the 50-50° system on a Beckman-Spinco amino acid
analyzer. The following molar ratios of amino acids and NH;
were obtained with the value of glycine taken as 1.0: aspartic
acid 1.0, proline 1.0, glycine 1.0, a-aminobutyric acid 1.0, tyrosine
0.9, phenylalanine 1.0, arginine 0.9, and NH; 2.0. In addition,
cystine (0.4) and the mixed disulfide of cysteine and g-mercapto-
propionic acid (0.6) were present. These two sulfur compounds
account for the half-cystine residue in this analog.?!
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A number of analogs of the C-terminal octapeptide of cholecystokinin—-pancreozymin (CCK-PZ) were syn-

thesized, uxing both stepwise and fragment condensation approaches.

Their gallbladder-contractile activities

were compared with those of the C-terminal octapeptide of CCK-PZ in vivo aud in vitro.

Ivy and Oldberg! reported in 1928 the discovery of
a new gallbladder-contracting principle of the small
intestine, and named it cholecystokinin (CCK). Al-
most. 15 vears later, Harper and Raper? discovered in the
mucosa of the upper intestine a substance that caused
secretion of enzymes in pancreatic juice. This sub-
stance, which they also considered to be a specific hor-
moue, was named pancreozymin (PZ). Finally, in
1964 Jorpes and Mutt? isolated from the same intesti-
nal tissue a polypeptide that exhibited the properties of
both choleevstokinin and pancreozymin. They have
referred to it, at least temporarily, as cholecystokinin-
pancreozymin  (CCK-PZ). This  hormone, for
which a partial structure (I) has been proposed,*® is a
polypeptide of 33 amino acid residues?

Lys-(Ala,,Gly,,Proi,Ser )-Arg-Val-(Ile, Met,,Ser, )-Lys-Asu-
(Asx,,Glx,Hisi, Leus,Pro, Sers )-Arg-Tle-(Asp),Ser, )-Arg-Asp-

SO:H

|
(Glyl,l\letz,Tl'pl,Tyrl )-Aa‘p-Phe-NHz
1

The sequence of the amino aeids of the C-terminal
octapeptide of I 1s as follows

SO;H
Asp-Tyl'-i\% et-Gly-Trp-Met-Asp-Phe-NH.
1 2 E 4 B 6 7 8
11

This octapeptide II possesses the biological activities
of the full hormonal molecule® and showed $-10 times
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the gallbladder-contracting activity of CCK-PZ n vivo
and in vitro.!®

The C-terminal pentapeptide of I is structurally
identical with both the C-terminal pentapeptide of
gastrii,'' a hormone that controls secretion of gastric
acid, and with the C-terminal pentapeptide of caeru-
lein,'? a decapeptide isolated from the skin of an am-
phibian, Hyla caerulea.

The remarkable biological properties of II prompted
us to study the importance of various structural fea-
tures of the molecule, namely: (a) N-terminal amino
group, (b) aspartic acid residues in positions 1 and 7,
(¢) methionine residues in positions 3 and 6, and (d)
position of the O-sulfate-L-tyroshie residue. A selected
number of analogs and derivatives of II, which are
listed in Table I, were synthesized and evaluated biolog-
1cally.

Chemistry.—Two synthetical approaches were used:
(1) stepwise, starting from the C-terniinal amino aeid
residue (analogs 6 and 7), and (2) fragment condensa-
tion (1, 2, 3, 4, 5, 8). In the stepwise approach,
two types of active esters, 2,4 5-trichlorophenyl'?
ester and p-nitrophenyl ester,' were used for the
coupling steps. In the fragment condensation, the
N-terminal dipeptide azide was coupled with the C-
terminal hexapeptide. Both fragments were synthe-
sized stepwise. The introduction of the sulfate ester
group was carried out with coned H,SO, in the prepara-
tion of 6 and 7, and with pyridine-SO; complex'®:!6 in
that of the other analogs. Sulfation with H,SO; was
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Tape 1
Nedwviny,
Aleld DU g
ol i (i
preyar  eiee cilen
SOsH
|
Asp-Tyr-Me1-Gly-Trp-Mei-Asp-Plie-N11: i 11 30, 000 26,100

SOs11

Bor-Asp-Tyr-Me1-Gly-Trp-Alot- Asp-Plie-N 1127 I8} 1,000 30, 000

JOH

B-dap-Tyr-Mer-Gly-Trp-Mer-Azp-Phe-N1l, 1} 0,600 104, 000

8Os
|

Al yr=-Me-Gly-Trp-Mer- Asp- Plie- N . b 12,800 5,000
S0all
i

Ali-Tyr-Ae1-Gly-Trp-Met- Asp-Phe-N11: 1 12,300 8, 400
SOl

A\SL)A'I“)‘rAA\1614(;1)'<'l‘r1)<.\1(‘I<AI-(<I’1194N119 b 1,100 200

H0q11

|

Tir- Aep-Alet-Gly-Trp- M- Asp-Phe-N 1l L TO 1»}

SOslt

Asp-Met-Tyr-Gly-Trp-Mer- Asp-Phe-N 11 15 200 100
S0

Asp-Tyr-Lew-Gly-Trh-Mel- Asp-Phe-N 11 I8} 133, 000 22,700
50511
|

Asp-Tyr-Mel-Gly-Trp-Leu- Asp-1he-N11. h 2,100 8,200
{18t
i

Asp-"Tyr-Leu-Gly-Trp-Leu-Asp-Plhe-N 11z I 2,400 4,100

“8ee A. C, Ivy and H. M. Janecek, .1 cta Physiol. Scand., 70, 250
(1959). b See ref V. < See vef 10 and B. Rubin, Pharmacologist,
11, 277 (1969). < Compounds are listed in numerical order (1-
10) after conipound I1.

carried out after the removal of the protecting group
from oectapeptides XX and XXI (Table II). The
temperature and the duration of reaction lmd to be
carefully controlled to avoird sulfouation of tyrosiue.
The t-butoxyearbonyl octapeptides XVI, XVII, XVIII,
XIX, XXII, and XXIV were sulfated with pyridine-
SOy complex, with use of a large excess of the reagent
and anhyvdrous conditions. The protecting group of
these octapeptides was removed with trifluoroncetic
acid to vield the free octupeptides. The extent af
sulfation i both cases was determined by ir spectros-
copy "™ and paper electrophoresis.' Al the free sul-
fated octapeptides were purified by ion-exchange chro-
matography on DEAE-Sephadex A-23.

Tuable II hists the mtermedintes prepared for the syn-
thesix of the oetapeptide sulfates (Table I), which are
not deseribed i the literature.’ Dipeptides were
synthesized by use of p-nitrophenyl esters (for 1. V,
and VII} and 24,5-trichlorophenyl ester (for I11).
The pentapeptides VIIL aud IX were prepared by the
reaction  of f-hutoxyearbonylglyeinie  p-nitrophenyl
ester with the required tetrapeptides, whieh had been
obtained ax deseribed in the literature™ (exeept that
i-butoxyearbonylalanine p-nitrophenyl ester was used
for the preparation of the required tetrapeptide).
After removal of the protecting group (Boc), the free
pentapeptides were allowed to react with the -butoxy-

i17) L. N. Weruw, 11, 'F, Goraw, »=0 W, Thorubnryg, . Cliometogr., 3,
125 (1061,

(18> 1. M. Davey, A, L Lain], awd 1o S0 Morley, J. Cheoe, Soc. (Y, 55
(1966): 11, Gregory, J. X, Morley, J. M. Smith, aud M. J. Smithers, 1

715 twesr: 1. C. Anderson. G W, Kepuer. . K. Alacliead, and R, O
Sheppard, Tetrakedeoq Swppl., 8, Part 1, 39 (1),

Pruscre, of «f.

carbonyt amino acid p-nitrophenyl esters to vield hese-
peptides X, XI. XTI, and XTI Sthmilarty. the hep-
tupeptide XTIV was prepared from Xoo The heptapep-
tide XV was obtained from the reaction of tarosyl
glhvevitrvtophyvimethionyiaspartyiphenyinlunne antde’
with /- butoxyearbony! - methionyt-2,4.5 - trichloro-
phenyt ester. The netapeptides XV XVIL XVIIL
NIN, XXII XXII and XXTV were prepared by con-
densmg the dipeptides TL IV VI and Shatoxyearbonyl-
aspartyvityrosine  hvdreazide® vespeetively, with their
corresponding hexapeptides, e N, NI XTI X1
and  butoxyearbonyintethionyviglveyiteyprophyhneth-
ionyhwspartyviphenylalaiine  unide Y after removsl
of the protecting group (Boc) with triflucroacetic acid.
The octapeptide XX was prepared by renction af the
free hieptapeptide obtained after remmoval of a -hutoxy-
earbonyt group from XIV with ~butaxyearbonyltyro-
sine 2.40-trichloroplienyvl ester. The octapeptide XX
wax obtained by coupling XV, after the renoval of the
proteeting  group. with butaxyearbonyvi-g-t-hutyvlins-
partic acid a-p-nitrophenyl ester,

Biological Results.--The gultbladder-contractite ac-
uvities of the analogs of I are hsted i Table 1.
Anadog 1, whose N-terminal untno group ix bloeked
with a butaxyearbonyl group. showed w poteney
stimilar to that of IT jo eileo. but was much less patent
fiovivo. When H s modified by replacing the aspartie
acrd restdue in opositton 7 owith alanine, o= in 5, the
poteney both 7 vieo and (i eibo was markedly dinin-
ished.  On the other hand, when the aspartie seid
restdue in pasittan bowas replaced with e-nmino-
butyrie neid or alanne, as i 3 e 4, moderate deereases
i poteneies occurred.  More striking differences were
observed between potenetes (o idec i je vileo when
the N-terminal aspartic acid wis joined (o the peptide
chain thraugh its g-carboxyvlie group, ax m 2. The
alteration at the N-terminal position of the molecule
may have hiudered the teaspori of the peptide to the
receptor site.

Amnadogs 6 and 7 show the effects of altermg the dis-
tance of the O-sulfute-tyrosme residue from the C-ter-
minal end of Th The surprisingly low poteucies of
these analogs suggest that the distanee from the ty-
sine-O-sulfate residue to =ome other portion of the mole-
cule (perhaps 1o the aspartie acid in pasition 7). phivs
an important role i the iternetion of IT with the ve-
ceptor =ite.

Although the replicentent of methionine by leueine
i the C-terminal tetrapeptide of gastrin ciuses no oss
of activity.® the analog 10, in which both methionine
residues were rephieed with teuetnes 1w less potent than
II.  When only the methionine restdue m position 6
s replaced with lencine, as e 9, the poteney is also
lower than that of II.  On the other hand, almos: o
difference m poteney exists between I and 8, m whieh
only the methionine residue i position 3 is replaced
with leucine.  Therefore, the methionine residues do
not seem to be of equal importance for biolagieal ne-
fivity of the C-terminal octapeptide of choleeystokinin
(I1).

From the structurce-activity relationship discussed
above, it scems that the presence of tyrosine O-sulfate
i position 2 and of wspartic acid i posttion 7 1= of

e Rode Casvigbove, Focaeo o Svo. 24, 611 i
1205 1080 Morley and L 3L Soiday W2 Chvea Soec (O 726G 010N
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TasLe 11
Method [a]?D, deg
of Mp, Recrystn (e 1,
prepn® °C solvent DMF) Analyses
Dipeptides
Bz
1 Boec-(a-OBzl)-8-Asp-Tyr-NHNHZ A 166-168 EtOAc~hexane —3.7 (CyxHuN4Q9) C, H N
IT Boe-g-Asp-Tyr-NHNH: B 193-195 1-Pr,Q° —5.5 (C1sHeN4O7) C, H. N
III Boc-Abu-Tyr-NHNHZ A T0-72 {-Pr.Qc.d —32 (CwHuN4O;) C, H N
IV Boc-Abu-Tyr-NHNH2 B 158-161 70% EtOH —34¢ (C1sHasN40;5-0.5H:0) C, H. N
V  Boc-Ala-Tyr-NHNHZ A 68 1-PrOH~i-Pr.0 —30.8 [CasH3:N407:0.5(CsH):0] C, H N
VI Boe-Ala-Tyr-NHNH: B 175-177 70% EtOH —35.5¢ (CriH2N405) C, HI N
VII Boc-Ala-Phe-NH- A 163-164 Ei10Ac —36.3 (Ci;HsN30s) C, H N
Pentapeptides
VII! Boe-Gly-Trp-Met-Ala-Phe-NH A 190-192 MeOH —15.5 (CssHaN:0:8) C, H, N, 8
IX Boe-Gly-Trp-Leu-Asp-Phe-NH: A 190-192 70% EtOH — 28, 5¢ (CssHagN709) C, HI N
Hexapeptides
X Boe-Met-Gly-Trp-Met-Ala-Phe-NH A 202-204 EtOH —17.8 (C40H3:eN:0sS:) C, H, N, 8
XI Boe-Leu-Gly-Trp-Met-Asp-Phe-NH: A 199-201 70% EtOH —29.8 (Ca2H3sNs0168-1,5H:0) C, HL N, 8
XII DBoe-Met-Gly-Trp-Leu-Asp-Plie-NH: A 195~197 709% EtOH —30 (C4aHssN:0,03 - 1.6H20) C, H, N, 8
XIII DBoc-Leu-Gly-Trp-Leu-Asp-Phe-NH: A 185~186 70% EtOH —24 .4 (CysHeolNsOw) C, HY N
Hepiapepiides
0-t-Bu
XIV  DBoc-Asp-Met-Gly-Trp-Met-Asp-Phe-NH: A 207-209 EtOH —25.5 (C49HeeN 01582 H:0) C, HV N, 8
XV  Boe-Met-Tyr-Gly-Trp-Met- Asp-Phe-NHa A 204-206 EtOH —36.5 (CsoHgN¢0128) C, H, N
Octapeptides
XVI  Boc-B-Asp-Tyr-Met-Gly-Trp-Met-Asp-Phe-N Hs C 195~-196 EtOH —29.2 (Cs4HwoN,001:8:- 2H:0) C, H, N
XVII Boec-Abu-Tyr-Met-Gly-Trp-Met- Asp-Phe-NH; C 197-199 EtOH —24 (Cs4H7::N1001382- H20) C, H, N, 8
XVIII Boc-Ala-Tyr-Met-Gly-Trp-Met-Asp-Phe-N He C 198-200 EtOH —24.6 (CssHoN1001:82- H:0) C, H, N
XIX Boe-Asp-Tyr-Met-Gly-Trp-Met-Ala-Phe-NH: C 204~-205 EtOH —-23.7 (Cs3sHxN1001:82) C, H, N
XX DBoe-Tyr-Asp-Met-Gly-Trp-Met-Asp-Phe-NH; A 188-190 EtOH —24.3 (CsaH:N1601:82:- H:0) C, H. N
0-t-Bu
XXI Boe-Asp-Met-Tyr-Gly-Trp-Met-Asp-Phe-NH: A 215 EtOH abs —27.8 (CssHisN 100152 C, H N
NXII Boe-Asp-Tyr-Leu-Gly-Trp-Met-Asp-Phe-NH: C 168-170 70% EtOH —-32.5 (CssH:2N100,58:2H20) C, H, N
XNIII Boe- Asp-Tyr-Met-Gly-Trp-Leu- Asp-Plie-NHa C  192-193  EtOH-H.0 —41 (CoHNuO5S-H:0) C, H, N
XXIV DBoc-Asp-Tyr-Leu-Gly-Trp-Leu-Asp-Phe-NH; C 188-190 EtOH-H:0 —29 .1/ (CssHauN10015- H:0) C, H, N

@ For the synthesis of intermediates which are not described, see ref 9, 11, 12, 15; J. M. Davey, A. H. Laird, and J. S, Morley, J.
Chem. Soc. C, 555 (1966); H. Gregory, J. S. Morley, J. M. Smith, and M. J. Smithers, /bid., 715 (1968); J. C. Anderson, G. W. Kenner,
J. K. MacLeod, and R. C. Sheppard, Tetrahedron Suppl., 8, Part 1, 39 (1966); and J. 8. Morley and J. M. Smith, J. Chem. Soc. C,

726 (1968). ° See Experimental Section.

paramount importance for effective interaction between
the peptide and the gallbladder tissue. Changes in
any other position do not severely impair the biological
activity of the C-terminal octapeptide of CCK-PZ
(I1).

Experimental Section

Melting points are not corrected. Ir spectra were measured in
KBr disks in a Perkin-Elmer spectrophotometer; uv spectra
were recorded on a Cary-15 spectrophotometer; nmr spectra
were obtained at 60 Me on a Varian Associates A-60 instrument
(with MeSi); the Stein-Moore procedure of quantitative amino
acid analysis, as modified by Technicon, Inc., and paper electro-
phoresis (apparatus by Misco) operated at 10 V/em, were used.
All amino acids described in this paper have L-configuration and
a Perkin-Elmer 141 polarimeter was used to measure the optical
rotation.

The homogeneity and purity of the octapeptide sulfates (Table
1) were proved by the following techniques: (a) tle (Eastman
Chromagram Sheet—silica gel 0.1 mm) in a MeOH-CHCI; (1:3)
system, only for 1; (b) descending paper chromatography using
a n-BuOH-pyridine-AcOH:H.O (30:20:6:24) system; (c¢)
paper electrophoresis at five different pH values (3.3, 4.7, 7.2, 8.0,
and 9.3);'7 and (d) quantitative amino acid analysis after acid
and enzymatic®! hydrolysis. The uv spectra (0.1 N NaOH)
showed the typical indole absorption [Amax 288 mu (¢4900); shoul-
der at 282 mpu (e 4980)] and the ir spectra showed peaks at 1050
and 1250 cm—!.18

Procedure A, N-({-Butoxycarbonyl-a-benzyl-g-aspartyl-O-
benzyltyrosyl)-N ‘~benzyloxycarbonythydrazine (I)—This com-
pound was prepared by a method described for its isomer.?
N-(0-Benzyltyrosyl)-N'-benzyloxycarbonylhydrazine (2.5 g,

(21) K. Hofmann, H. Yajima, T. Y. Liu, N. Yanaihara, C. Yanaihara,
and J. Humes, J. Amer. Chem. Soc.. 84, 4481 (1962).

¢ Suspended in i-Pr;0 and filtered.
distribution (K = 1.9) in the system PhMe-CHCl,-MeOH-H,0 (5:5:8:2).

4 The crude dipeptide was purified by countercurrent
¢ MeOH. / EtOH.

5.8 mmol, obtained from 2.7 g of N-({-butoxycarbonyl-O-benzyl)-
N'-benzyloxycarbonylhydrazine and 25 ml of trifluoroacetic
acid) was dissolved in DMF (20 ml) and the pH was adjusted
to 7.5-8 with NEt; at 0°, followed by the addition of t-butoxy-
carbonyl-a-benzylaspartic acid B-p-nitrophenyl ester (2.8 g,
6.3 mmol). The reaction was carried on at room temperature
until the ninhydrin reaction was negative. The solution was
diluted with EtOAc (100 ml), washed (209, solution of citric
acid, H.0), and dried (Na,80,). After removal of solvents in
vacuo, the crystalline product was obtained from EtOAc by addi-
tion of hexane: yield, 2.7 g; mp 166-168°; nmr spectra (CDCls)
1.38 [singlet, 9 H, (CHa)a] . Anal (C4oH44N40g) C, H, N

Procedure B.  {-Butoxycarbonyl-3-aspartyltyrosine Hydra-
zide (II).—A solution of I (2.6 g, 3.6 mmol) in 300 ml of a mix-
ture of MeOH-AcOH-H,O (2:1:1) was hydrogenated at room
temperature and atmospheric pressure over Pd-C (1097, 500 mg)
until the evolution of CO, ceased (4-5 hr). After removal of
the catalyst, the solution was evaporated to dryness aud the
crystalline residue was suspended in ¢-Pr,O, filtered, and dried:
vield, 1.4 g; mp 193-195°; nmr spectra (D:0) showed no phenyl
protons. Anal. (CsHaN:O7) C, H, N.

Procedure C. t-Butoxycarbonyl-g3-aspartyltyrosyimethionyi-
glycyltryptophylmethionylaspartylphenylalanine Amide (XVI),
—A solution of IT (310 mg, 0.77 mmol) in DMF (2.3 ml)
was treated with coned HCI (0.37 ml) in a Dry Ice-acetone bath
at —20° and stirred mechanically. After 3 miu, an aq solution
of NaNO: (14%, 0.38 ml) was added while the temperature of
the bath remained unchanged. The reaction mixture was kept
at this temperature for an additional 3 min. N-Ethylpiperidine
(0.61 ml) was added, followed by the addition of a solution
of  methionylglycyltryptophylmethionylaspartylphenylalanine
amide (356 mg, 0.61 mmol, prepared from 600 mg
of t-butoxycarbonylmethionylglycyltryptophylmethionyl-
aspartylphenylalanine amide® with tiifluoroacetic acid) in DMF
(1.5 ml). The reaction mixture was kept at 4° for 24 hr, after
which a second portion of the dipeptide azide (prepared from 160
mg of IT) was added. When the uinhydriu reaction was nega-
tive (after another 24 hr), the mixture was poured into 30 ml of
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300 aq AcOI with vigorons stirring.  The precipitated oeta-
peptide was filtered, washed several tines with 3¢ aq AcOlH,
and dried 7n vacro. The produet was erystallized from 15tO1:
vield, 350 mg: /¢ 0.75: amina aeld analysix Geld hydrolysix?:
Axp(2.1), Tyr(1.0), Gly(1.0), Meti2.0), Phei0.94), Trpipresent ).

Procedure D, B-Aspartyl-O-sulfatotyrosylmethionylglycyl-
tryptophylmethionylaspartylphenylalanine  Amide  (2).--The
octapeptide XVI (310 mg, 0.3 mmol) was dixsolved in o mixture
of thydrois DMF (18 ml) and freshly distilled {over NaOI)
pyridine (18 mly To thix solntion, a =olntion of pyridine-=0;
(036 mg, b mmol) in DMF 118 ml) was added.  The resulting
solution wis kept at room temperature for 15 I and then
evaporated (o dryness in vacwo. The cerystadline residie was
washed several times with H.O (15 ml each timel and dried of
cacun; vield 395 mg. The crude componund was treated with
triflnoroncetic acid (5 ml) for 20 min.  The acid was reinoved
in vacuo and the triflnoroncetnte tritirated with EGO and dried:
vield, 8380 mg. The erude octapeptide sulfate was dissolved in
0.1 3 (NH):CO, aud purified by chromatography ou o DEAE.-
Sephiadex A-25 column.  The colunmm (1.5 X 15 em) was eluted
with a Hnear gradieut of (NHaCO» (350 ml of 0.1 3 aud 350 il
of 1.5 M) and fractions of 7 1l were collected and seanmed by uy
absorptian at 255 mu. The fractions (681001 with the octa-
peptide =ulfate were combined d lvophilized =everal times:

Angiotensin Il Analogs.

I11.

Joncrasey, WINDRIDGE, wwb Lo

vield, 87 g wspectvmn CKBrs UA and 1250 e ' oy b A
NaO ) Ay 288 mw (e 49000 [ 073 anino acitl sualyvsis caid
hvdroly=is: Asp 2.0y Ty Loy, Aletc2n, Gl b, Phe b
Trp ipesenty. Dae oo the 3 lnkage of the N-teruual ot
acid residne, lencine anino peplidase did no¢ degeade the vera-
peptide.

Procedure E. ()-Sulfatotyrosylaspartylmethionylglveyl-
tryptophylmethionylaspartylphenylalanine  Amide 65 The
oetapeptide triflioroacetate 250 mg. 0.046 mmol, obtained frow
50 mg of XN and Tl of trithioroncete neidy was added 1o pre-
cooled coned 1150, 1 =a%) with <thing., Afler 15 min, 10 was
panred nto B0 =705 cenaifnged, and washed several thines
with this ether. The vesidue was dizsolved in 0.1 3 ¢ N11.00).
ad purified ax described under procedure 110 vield, 18 mg: 17:
0.6 nv =pectrin (0.1 N NaOH ) Auax 285 g ie 48000 muibo
aeld analysis inooweid hydrolysis, Aspi2. 1y, TyrdbOy, Mewi2ins,
Glv€0.97 3, Phed 1Oy, Trpipresent s,
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Analogs of [des-Asp!Iled}-angiotensin IT were prepured by solid phase syuthesix to test coutribuntions of the

a-amino and gnanidine groups of arginine to the pressor activity of this heptapeptide.

[Des- Asp!,sAviz Tlet}-

angiotensin 1T and [des-Asp!eAcp?Ilefl-angiotensin IT had lower pressor activities (7 and 507, respectively)
than would be predicted by the theory that the N-terminal e-nmiuo group in related heptapeptides exerts nu

unfavorable effect.

The high pressor activity of [des-Asp'p-Abu? Hefl-ungiotensin 11 237 conmpared with

[des=Asp!,1-Abn,Ile’]-angiotensin IT aud its desamino derivative tench 17, showed that the a-amino group

in the b series exerts a favorable effect which is absent iu the 1 xevies.

[Des=AsplGly?, Hedl-nnglotensin IT had

approximately half the pressor activity (10¢¢) and hulf the duration of action of [des-Asp!,p-Abn? Ie?l-angio-
tensin 11, perhups because it lacked the orvienting effect of a xide chain or beennse it was more su=eceptible to

aminopeptidasex.

[Des-Aspl, Ac-GlyyIled]-angioteusin 11 had only 197 pressor activity indienting that the

positive charge was prabably the prineipnl feature of the a-nmino group which cantributed to the hiologieal

aetivity,

The heptapeptide, [des-Asp'Ilet-angiotensin [l
(Arg-Val-Tyr-Tle-His-Pro-Phe). was found to possess
high pressor activity (15-35% of the activity of [Ile?]-
angiotensin II), whereas the hexapeptide, Val-Tyr-Ile-
His-Pro-Phe, had only slight pressor aetivity.?* In
an attempt to elucidate the contribution of wrginine to
the pressor netivity of this peptide. Havingn, ef al.,?~7

(1) Par. 110 I ¢, Jorgensen and W. Pauon, J. Med. Chem.. 12, (33
719649). This invesiigation was supporied iu part by Pablic Health Service
Research Grauts AM 08066 and AM 06704 from tlhe Naiional Insiituies of
Arthrids anid Metabolie Diseases and Training Grant No. 3 TOl GDM 00728
from 1be National Institiute of (General Medical Sciences. The ablireviations
nised 10 ilenote amino acid derivalives and pepiides are those recomnienled
in Biochemsstry, B, 2485 (1966). A+l stands for d-aminovaleric acid.

(2) ¥. M. Bumpus, P. A. Khairallah, K. Arakawa. [. H. Page, and R. R.
Smeby, Biochim. Biophys. Actu, 46, 38 (1961).

(3) E. Havinga, C. Schaitenkerk, G. H, Visser, and K, I, T. Kerling.
Rec. Trov. Chim. Puys-Bax,, 88, 672 (1964).

(4) C. Bchattenkerk, . H. Visger, K, E. T. Kerling, anl L. Mavingu
ibid., 88, 677 (1964).

(51 G. M., Visser, (", Rchanenkerk, K. 12, 7. Kerling, avd 1. Huvibus
ihid,, 88, 684 (1964

svnthesized a =eries of analogs in which arginine was
rephiced by other amino neids.  Replicement of arginme
by n p-amino aeid always gave n peptide with higher
pressor activity thun the peptide containing the corre-
sponding L-umnino acid. 1 the two enses studied. the
desamino compounds were found to be even more
active than the eorresponding p-e-amino compounnds.
Havingn and Selattenkerk™ hyvpothesized that thix was
due to an unfavorable effect of the free N-terminal
e-umino group i the heptapeptide which was less
pronounced in the b romer and absent in the desamimo
compounds. They coneluded that the contribution of
the arginyl residue to the pressor activity of [des-Asp'.-
Ile®|-angiotensin I1 was due to the H bonding capacity
of the guanidinium group rather than its positive
charge. This conelusion was based largely on the

05 . Scbanienkerk and E. Mavinga, t4id., 84, 653 (1965).
it L Mavinga nnd O, Sebactenkerk, Telrokedron Suppl., 8, 313 <1y,



