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ABSTRACT. Dynorphin B analogues, [Arg", D-Ala"] dynorphin B, [D-Ala’, Ala®, Arg", D-Ala"] dy-
norphin B, and dynorphin B (1-11) were synthesized by solid-phase method. A chloromethylated polystyrene
resin cross-linked with 2% divinylbenzene was substituted with Thr in ethanol to contain 1.20 mmol Thr/g of
resin. All amino groups of amino acids were protected with t-Boc group and 2,6-dichlorobenzyl and nitro groups
were used to protect the side chains of Tyr and Arg, respectively. Stepwise synthetic method was applied for syn-
thesis of the products. Dicyclohexylcarbodiimide (DCC) and 1-hydroxybenzotriazole (HOBT) were used as the
coupling reagents. The crude peptides were purified by gel filteration on Sephadex LH-20 colormnn (2% 50 cm) us-

ing MeOH/MeCN (3/1) and then characterized with HPLC, amino acid analyzer.

INTRODUCTION

A number of endogencous peptides with opi-
atelike activity have recently been isolated and
characterized."™ In addition to the opioid pentapep-
tides methionine-enkephalin ([Met] enkephalin)
and leucine-enkephalin ([Leu] enkephalin),® there
are large opioid peptides containing a [Met] enkep-
halin or [Leu] enkephalin sequence as a core frag-
ment.

Dynorphin B is a endogeneous opioid tri-
decapeptide extracted from porcine brain by Gold-
stein et af in 1982. In the GPI (Ginca Pig lleum)
assay,’ it was about 5 times more potent than B-en-
dorphin, about 40 times than [Leu] enkephalin, and
about 30 times than normorphin. Dynorphin B

(also called rimorphin) is most abundant in pi-
tuitary posterier lobe’ and acts as an agonist on
opioid k-receptor,® produces catalepsy’ and in-
hibits the vasopresin secrection.' Dynorphin B is
also responsible for food ingestion and diuresis."”
In 1981 Mattice ef al.'> showed that anionic
lipids induce conformational changes of endoge-
neous opioid peptides which contain the amino
acid sequence of enkephalin. Anionic lipids have
been suggested to be active component of the
brain opiate receptor. All peptides examined were
nearly devoid of helical content in water. However,
appreciable helical content could be developed in
the presence of anionic lipids."> The helical in-
itiation and propagation of enkephalin containing
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peptides were induced from arginyl, histidyl, and
lysyl residue. It has been postulated that a dex-
trogyre amino acid in specific position might pro-
voke a restriction in the conformational degree of
freedom of peptide,' which results in the sta-
bilization of conformations offering a higher af-
finity for the receptor. The peptides containing the
dextrogyre amino acid are not cleaved by car-
boxypeptidase.

The structural features responsible for the high
potency and opiate receptor specificity of dy-
norphin in the guinea pig ileum myenteric plexus
were examined by Goldstein et al” in 1981. Suc-
cessive removal of COOH-terminal amino acids
from dynorphin A demonstrated important con-
tributions of lysine-13, lysine-11, and arginine-7 to
the potency. Removal of the NH;-terminal tyrosine
abolished the biological activity. Several other
structural modifications were shown to affect po-
tency. Substitution of D-alanine for glycine-2
reduced the potencies of dynorphin (1-13) amide, -
(1-11), and -(1-10), and methy] esterification of the
COOH terminus enhanced the potency. Within the
dynorphin A sequence, lysine-11 and arginine-7
were found to be important for selectivity of in-
teraction with the dynorphin receptor, which is dis-
tinguishable from the p receptor, in this tissue. Dy-
norphin B is less potent than dynorphin A. Amino
acid sequence of dynorphin B differs from only 8-
13. It is evidently responsible for the difference of
potency between dynorphin A and B.

In order to investigate the relationship between
dynorphin B and dynorphin receptor and to syn-
thesize more powerful and potent analogues, it is
essential to synthesize dynorphin B analogues. In
this work we have synthesized dynorphin B analo-
gues, Tyr-Gly-Gly-Phe-Leu-Arg-Arg-Gin-Phe-Lys-
Arg-D-Ala-Thr (I), Tyr-D-Ala-Gly-Phe-Leu-Ala-
Arg-GIn-Phe-Lys-Arg-D-Ala-Thr (JI), and Tyr-Gly-
Gly-Phe-Leu-Arg-Gln-Phe-Lys-Vat  (IH) by solid
phase method.

RESULTS AND DISCUSSION

Amino groups of all amino acids were protected
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Table 1. Synthesis of N-protected amino acid with -Boc-N;

Optical rotation

Amino acid Yield
[(l].;. ¢ solv

D-Ala 34 +240 1 H 84
Gly 90 98
Phe 86 +247 15 E 92
Val 77 58 1 H 94
Arg (NOy) 123-124 56 0 D 86
Len 83 303 1 H 97
Tyr (Dcb) 110-111 4210 2 E 65
Gin-ONp 149-15¢ -3506 1 D 58
Lys 42 118 25 H 95
Thr (Obz) 77 +185 11 M 45

D=DMF, E=EtOH, H=HOAc, M=MeOH, All rotations
are [a]p ar .t c; concentration (g/dL}).

with ¢-butyloxycarbonyl (#-Boc). 2,6-Dichloroben-
zyl, 2-chlorobenzyloxycartbonyl, and nitro group
were used to protect the side chains of protection
Tyr, Lys, and Arg respectively.

Boc-amino acid could be crystallized from petro-
leun ether and ethylacetate/hexane. Physical pro-
perties and yields of the synthesized Boc-amino a-
cids are listed in Table 1.

A number of method" have been developed to
synthesize the so-called Merrifield resin esters of
Boc-amino acids, which was considered to be the
key intermediate for solid phase synthesis. In our
procedure, cesium salt method'® was used. Step-
wise method was applied for synthesis of the pro-
ducts. Dicyclohexylcarbodiimide (DCC) and 1-hy-
droxybenzotrizole (HOBT) was used as the cou-
pling reagent.

Synthetic scheme is given in Table 2. When cou-
pling and deprotection was finished, ninhydrin test
was performed in every step to confirm the result.
The Boc group was removed with 30% trifluoro-
acetic acid (TFA)-dichloromethane (MC) (3/1, viv).
A mixture of MC and DMF was used as the sol-
vent in coupling reaction. To cleave the product
from resin support, the polymer supported peptide
was treated with TFA/30% HBr in acetic acid (1/1,
v/v). Hydrogenolysis was performed to deprotect
nitro group of the Arg residue.

TFA/30% HBr in acetic acid (1/1, v/v). Hy-
drogenolysis was performed to deprotect nitro gro-
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Table 2. Schedule for DCC/HOBT coupling in solid phase peptide synthesis of dynorphin B analogues

Step Reagent Vol. (mL) Time (min}
Swelling 1. DCM(wash) 1x1 60
Deprotection 2. DCM(wash) 15x4 2
3. 30% TFA/DCM-Indole{prewash) 15%2 2
4. 30% TFA/DCM-Indole{deblock) 151 30
Washes 5. DCM(wash} 15X6 2
Deprotonation 6. 5% DIEA/DCM(prewash) 15x2 2
7. 5% DIEA/DCM(neutralization) 15x1 10
8. DCM(wash) 15X8 2
Coupling 9. 3eq.DCC/6eq. HOBT/DMF 1.0x1 10
10. Boc-AA 3eq./DCM 10x1 300
Wash 11. DCM(wash) 15x3 2
Deprotonation 12. 5% DIEA/DCM(neutralization) 15x1 2
Wash 13. DCM/DMF(2:1)}{wash) 15x2 2
14. McOH/DCM(2:1)Xwash) 15%2 2
15. DCM(wash) 15%5 2
16. Test ninhydrin reaction 1

Double coupling repetition of (9)-(14)
DCM.: Dichloromethane

DCC: Dicyclohexylcarbodiimide
HOBT: 1-Hydroxybenzotriazole

TFA: Trifluoroacetic acid
DIEA: Diisopropylethylamine

up of the Arg residue.

The crude peptide was purified by gel filtration
on sephadex LH-20 (2x50cm) using MeOH/
MeCN (3/1, v/v) and characterized with HPLC,
amine acid analyzer.

EXPERIMENTAL

All melting point were taken by the capillary
method and are uncorrected. Optical rotations were
determined with a Perkin-Elmer 141 polarimeter.
Amino acid analysis was performed on a Hitachi
835 amino acid analyzer. All of the amino acid
derivatives were synthesized from commercial
grade of amino acids. All reagents and solvents
were reagent grade and used without further pu-
rification, except for TFA, DMF, acetic acid and
MC, which were distilled before use by the litera-
ture prootbdum.17

Boc-amino acids were synthesized by using
Schnabel™ and Schwyzer' method.

The solid support used was polystyrene-2%-di-
vinylbenzene resin (200-400 mesh 1.23 meq of Cl/g).

DMF: N,N-Dimethylformamide

Preparation of Boc-Val-OCH;-CH,-Resin

Boc-Val-O ™ Cs* (0.52 g, 1.48 mmol) was stirred
with 1.0 g of chloromethylated resin of styrene-2%
divinylbenzene copolymer in 10 mL of DMF for
16 hrs. The esterified resin was then collected and
washed successively with DMF, DMF-H,0, THF-
H,O, and MeOH. The product was 1.21 g (94%).
Volhard titration indicated the presence of 1.16
mmol Val/g of tesin.?’

Preparation of Boc-Thr-OCH,-C¢Hy-Resin

Boc-Thr-OCH,-C¢H-Resin was prepared by the
same procedure as above. The product was 1.33 g
(97%). Volhard titration indicated the presence of
1.20 mmol Val/g of resin.

Synthetic protocols

Stepwise synthetic method was applied to the
synthesis of Dynorphin B analogues. DCC and
HOBT was used for coupling reagent.

Cleavage of dynorphin B analogues from resin

320 mg of polymer-supported peptides was treat-
ed with 4 mL of TFA/30% HBr in AcOH (1/1, v/v)
and 10 mL of anisole as the nucleophilic scaveng-
er. After 1hr at rcom temperature, the suspension
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was filtered and washed with 2 mL portion of
TFAMC (1/1, v/v) and MC. After evaporation of
solvent, the resulting oily residue was crystallized
in ether. The ethanolic solution of the crystal was
subjected to the hydrogenolysis in the presence of
activated Pd catalyst to afford the white crystalline
product.

Isolation and purification of product

The product was purified by gel chromato-
graphy (2.0X50 cm) on Sephadex LH-20 using
MeOH/MeCN (3/1, v/v) as an eluent.

The product was hydrolyzed with 12N HCV/

AcOH/phenol (2/1/1, v/v) for 48 hrs at 110°C.
The amino acid composition was confirmed by the
amino acid analysis of the hydrolyzed product.

a) [Arg"’, D-Ala"?} dynorphin B

Total yield was 32 mg (7.5%). Amino acid com-
position is given in Table 3. HPLC®' showed a main
peak at a retention time 2.19 min (Purity 84%).

The spectrum of amino acid ama\]ys;is22 is given
in Fig. 1.

b) [D-Ala%, Ala®, Arg'', D-Ala'?] dynorphin B

Total yield was 53 mg (13%). Amino acid com-
position is given in Table 3. HPLC showed a main
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(b)
Fig. 1. (a) HPLC profile and (b) Amino analysis of [Arg", D-Ala'’] dynorphin B(1-11).
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Fig. 2. (a) HPLC profile and (b) Amino analysis of [D-
Ala’, Ala®, Arg", D-Ala"] dynotphin B.

Table 3. Amino acid composition of the products

amino acid composition; amino acid
experimental (theoretical)

Ter 0.97(1), Gly 2.01(2), Phe 2.0(2),
I Leu 1.0(1), Arg 2.98(3), Gln 1.01(1)
Lys 0.98(1), D-Ala 1.0(1) , Thr 1.0(1)

Tyr 1.0(1), Ala 2.98(3), Gly 1.0(1),
I Phe 2.002), Leu 1.2(1) Arg 1.8(2),
Gln 1.0(1), Lys 1.01(1), Thr 0.97(1)
Tyr 1.0(1), Gly 2.02(2), Phe 2.01(2),
ML Lew L0(1), Arg 1.96(2), Gin 0.88(1),
Lys 1.10(1), Val 0.9%(1)

Product

—

peak at a retention time 2.07 min (Purity 89%).
The spectrum of amino acid analysis is given in
Fig. 2.

¢) Dynorphin B(1-11)

Total yield was 66 mg (18%). Amino acid com-
position is given in Table 3. HPLC showed a main
peak at a retention time 2.08 min (Purity 91%). The
spectrum of amino acid analysis is given in Fig. 3.
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Fig. 3. (a) HPLC profile and (b) Amino analysis of dy-
norphin B(1-11).

REFERENCES

1. Hughs, J.; Smith, T. W.; Kosteditz, H. V.; Foth-
ergill, Nature. 1975, 258, 577.

2. Kita, T.; Inoue, A.; Nakanishi, S.; Numa, S. Fur. J.
Biochem. 1979, 93, 213.

3. Taii, S.; Nakanishi, S. ; Numa, S. Eur. J. Biochem.
1979, 93, 205.

4, Kilpatrick, D. L.; Wahistrom, A.; Lanm, H. W
Blacher, R.; Ezra, E. Life Sci. 1982, 31, 1849.

5. Goldstein, A.; Hunkapiller, M, W.; Hood, L. E.
Proc. Natl. Acad. Sci. USA. 1982, 79, 5435.

6. James, I. F.; Fischli, W.; Goldstein, A. J. Phar-
macol. Exp. Ther. 1984, 228, 88.

7. Cone, R. 1; Weber, E.; Barchas, J. D.; Goldstein,
A. J. Newrosci. 1983, 3, 2146.

8. Yoshimura, K.; Huidobro-toro, ). P.; Lee, N. M_;
Loh, H. H.; Way, E. L. J. Pharmacol. Exp. Ther.
1982, 222, 71.

9. Eerman, B. H.; Leslie, F.; Goldstein, A. Life Sci.
1980, 27, 883.

Journal of the Korean Chemical Society



10.

11.

12,

13.

14.

15.

16.

17.

Aol 2|3 Dynorphin B 542 ¥

Holtt, V.; Harmmann, I.; Secizinger, B.; Herz, A.
Eur, J, Pharmacol. 1980, 68, 239.

Przewlocki, R.; Lason, W.; Konecka, A. M.; Gram-
sch, C.; Herz, A. Science. 1983, 219, 71.

Mattice, W. L.; Maroun, R. Biochem. Biophys. Res.
Commun. 1981, 103(2), 442.

Nattice, W. L.; Robinsor, R. M. Biochem. Biophys.
Res. Commun. 1981, 101(4), 1311.

Conne, B. S.; Auben, M. L.; Sixonenko, P. C.
Biochem. Biophys. Res. Commun. 1979, 90(4), 1249.

Goldstein, A.; Chavkin, C. Proc. Natl. Acad. Sci.
USA. 1981, 78(10), 6543.

(a) Merrifield, R. B. J. Am. Chem. Soc. 1964, 86,
304, (b) Yamashiro, D,; Li, C. B. J. Am. Chem.
Soc. 1973, 95, 1310. (c) Gisin, B. F. Helv. Chim.
Acta, 1973, 506, 1476.

Bodanszky, M. Principles of Peptide Synthesis;

1998, Vol 42, Ne. 2

18.
19.
20.

21.

22.

219

Springer-Verlag New York, 1984; p 38.

Schnabel, E. Ann. Chem. 1967, 702, 188-196.
Schwyzer, R.; Sieber, P.; Kappeler, H. Helv. Chim.
Acia. 1959, 42, 2622.

Stewart, J. M.; Young, ). D. Solid Phase Peptide
Synthesis; 2nd Edition; Pierce Chemical Co.: Rock-
ford, IL.., 1984; p 135.

HPLC condition; p-bondapak Cis column (4 X 300
mm), detection at 210 nm, solvent MeOH/H:O (7/3,
v/v), 0.08 absorbance scale, pressure 860 psi, sam-
ple injection 10 pL, flow rate 1.0 mL/min.

Amino acid analysis condition; standard column
(2.6x 150 mm) and ammonia filter column (4% 50
mm), linear gradient of pH 3.3 to 5.9, flow rate
0.225 mL/min for buifer solution and ¢.3 mL/min
for ninhydrin, sample injection 16 pL, detection at
570 nm, chart speed 5 mm/min,



