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BE# : a-obu) Ay EAHEAA D 4HsHE polypeptided] HEMEEA @A AR
HAae MBS BEdY] 93t ol EY EF oA L-proline NCA (N-carboxy-a-amino
acid anhydride) ¢} L-valine NCAE F#—% = EAHLSA A

L-proline NCA~7} wto] &Hd HAANAE cis-#iEE 71 Atk poly-L-proline [
o) VAR BB Aol BUESHE], L-valine NCAZE @o] &HH #EACNA HFhAHR
BES BREE S-SR B0 o]l KESAE stz 0% ¢ 7t EAHRE
bR g}, o] FiFEA L-proline & poly-L-valine®] Sgffe]l &=l #dhol HR3}
v o)uw 9 KifE LY poly-S-methyl-L-cysteineol Al A3 cross-8 S WA= A
o2 HeH=E

Abstract : In order to examine the effect of hydrogen bond of the polypeptides
on the growth mechanism of polypeptide crystals in the course of polymeriza-
tion, the heterogeneous copolymerizations of L-proline N-carboxy anhydride
(NCA) and L-valine NCA were studied in acetonitrile.

In the polymerization systems with higher contents of L-proline NCA, the
crystal growth occurs through formation of right handed helical structure of
poly-L-proline 1.

Despite the fact that the crystal growth of S-structured polypeptide is
known to proceed slowly through the formation of intramolecular hydrogen
bonding, high conversion rate of nearly 90 % was observed for the polymeri-
zation of L-valine NCA-rich system.

It is postulated that L-proline residues were occluded into the poly-L-valine
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chain with g-structure, and the crystal growth occurs through formation of

the cross-{ structure as reported previously for poly-S-methyl-L-cysteine sys-

tem.
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EadAs 90% Lk ¥ EAFE 7ML
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o, BETHEMEBES Japan Electronic Optics
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2.5. XigEH

XEBHREMNEE Rigaku Denkifl Ru-3V=
WESR o,

2.6. NMR 3=

BEEEAEEBRAES &5 %E NMR(BAR
F, 100MHz #REFICIRB MR, JIMPNG1) =
BE T EARKE EFEFoEoMERS &
H2 10 % EEE wHEo] BiRlA Rwst o
Z&] v 9] L-proline?} L-valine? HHK-L =
Hd g vledal BT mikeh L-valined] -
KFell Eolsle Hild BHTY mie La iy
ArEs

3 KR A Z¥

3.1. BES

L-proline NCA: BifAKEe] wela Heo}
g A F Aol 471 AR we &a
MES =3 A EAFH 1804, 36070 maZE
£ 5.7%9F 1L.1% 5 A T 1BHE 9%% .

28} L-valine NCAY glycine NCAWY L-
alanine NCAR.D}: {ljgge] ¢AHIt =7 o) Fo
FRtAIIEC] =2 A gtk EER ok ARs e
ul 1050l Bhe HERY 71 Refife] At ¥
T EAEEEE =3 A EakEE EAEHR 150
Groll A 2.4 %ol 24 Byl = 11.4 %, ¥
3 EAol A9 EHEE 1EBAE 27.9 %ol A
Wz etk oA a-obv| mipiE kM g
—% EAEREANA FEH Aoz ARss
polypeptide®] 2 Kol BAfRE7] = Folchs,

PPI-& S—é“ helix®] extended chain crystal &
sl 22 R BRES EE R Eadks
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Table I. Copolymerization of L-Proline NCA (P) and L-Valine NCA(V) in Acetonitrile at 30°C.
Total Monomer Concentration (M) =0.217 mole/dm?. Initiator: Butylamine (Mole Ratio
of Monomer: Initiator, (M)/(I], is 200).

p:V Reaction time i () Ha/dlgt © Poae tah
100: 0 180 5.7
360 11.1
7 days 99.0
10 : 90 450 8.9
1440 46.1
2 days 51.0
3 days 66.5
7 days 89.0 0.46 14 : 86
25:75 90 19.2
450 21.7 75:25
1440 36.0 71:29
2 days 45.3
3 days 69. 6
7 days 85.0 0.51 39:64
50: 50 60 26.5
360 35.5
540 45.0 89.5:10.5
1440 49.7
7 days 71.0 1.04 82:18
75:25 30 7.5 95: 5
60 26. 4 97: 3
180 33.7
570 36.8
1440 55.9
7 days 99.0 1.14 75: 25
90 : 10 60 9.5
90 20.6
180 24.9
570 35.0
1440 50.5
7 days 99.0
0: 100 150 2.0 1. 40
300 7.3
540 9.0
1440 11.4
7 days 27.9

a) TFA=Trifluoroacetic acid
b) Mole ratio of L-proline/L-valine, estimated by NMR measurements.

olu] AR ZEw fhdhel BTl flo] A o},
0] iﬁﬁﬂﬂ HHEL 7.]3] 100 % il %6}7{] = :LE]V}- poly—L—valine—f:’: g %Z‘l%g’] hYA

190 Polymer (Korea) Vol.2, No.4, August 1978



L-Proline?} L-Valine®] Rig—REFES

Table I oA 2izuvle} 7ro] L-valine NCA7}
ol &FE Aler EAT ZIvdAr &
Y] EAERL ARt EAEHAE ik
1 E BAEE vl gl A1, (P]: (V)
=10:905% 25:75¢ FANAME BEARRM 1
BH HEEZEE 89 % 85 % or Al £
2o h9] L-valined| £E-L 86 %2} 64 %A T,
28] 52 L-proline NCAZ} 758 % LI 465 &
Foll e EAFC] 1HAN A 100 %l 3
S EHHES L-proline &&o] #ingte] ot
2t AR ok, iy e 29 L-proline
NCA9] &g Be HARIATE HAEEE
w2l x] x| vl L-proline NCA7} 258 % 2 755 %
HHED R 105 %, 0% % &H" MR &
A4E s b7k #olV= A9k 2.3
# L-proline NCA®] &#o] A& EARA 1
#HAMKS #EAZ] 2tk L-proline NCAS} L-
valine NCAZ} 2& & 463 HARIAE &
HERe EAREE oAt B4R 1EA
o EAHEL TI%E E od HmEAeRMEG 3
ot 2o, BHEANA fawdE -
prolineo] ol &FHE Ew st ARG &
£%52 L-proline NCAS} L-valine NCA2] #EL
of whet Wsletn &S & o ek

3.2. 2EMo|&

TE—RE AT Eene ZzroEd &
Fole A WERAES ARSeY ofF HE
g Fke] shtol e,

Table I %<3 dl¢] e+ polypeptided] &
ool A HES wx gl

Figure 12 o837} oz HAY HAHK
pol BAEAES BHELSES K ¥ E
golrh. poly-L-valined] 2#| E72 ofw] ik’
Fule} ztol 1630cm ¢} 1540cm™! E 710cm™!
Eolrle 1,1 2 VY g-#Ed BEE- &R
Yool o mAEZE & HAKRHY RAEEYH
g FiHg HEFHE v 1A XA
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Figurel. IR-Spectra of homopolymers and co-

polymers of L-proline N-carboxy an-
hydride (P) and L-valine NCA(V),
obtained in the later stages of hetero-

geneous polymerization (7 days).

HATHY 1704cm™19] #o 2¥ EH20 g HE
5o GF#EE Az Aok, 9 poly-L-
proline®$  2955cm™!, 2855cm™!  1438cm™!
(Figureol A& —#t #orslgl Al b o 3 &€&
1

B CH, {hifiEEh= 1650cm™1¢] —C— 9
fiEiEEol » ©) A2 PPIojvt PPIIA B
HA g F REENe tEeR veve Rk
o] o,

22y 1355cm™i9t 960cm™1-2 PP I o A=k
B F e ~dEHoz PPIS EHNT o
= M3 RAMERIGECI . 2dd o] A+
o] Folo BHIAE AYUA o gEZ=
ol A ort}®. L-valine NCAZF 75 %Lt 4483
(P):(V]=10:S0 2 25:752 EA/AAA L&
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£ Hsgad EH L poly-L-valined] §-
BEE vl o= 19 ol =V e Bk
7} 1530cm™~1546cm™ #EEIS}, 710cm™lol] bhig
#9 #etAl ekt gleh. poly-L-proline 1€
KkslE 1355cm ™1 L-valine NCAZF 90 & %
Q EARANA @& Eevl: EEEES Fe
shoulder’} e}tz ¢l & #olt}, e} L-va-
line NCA7} 75 & %l HEAFRAA d& Zgo
o] FoHE Bkl A& o] 29| ER o] EabA| it
Yz 9tk = 960cm i AE e S vhel
Wz gded, A& (P]:[V]=10:90Z 25
752 BAEAKM1IERAA 2 L-proline
3} L-valine?] &4 Eo] %4, 14:867 36: 64%
%ete ERE X 4 F de AAE E9A
1 L-prolineo] ©ro] 449 w o]}, L-proline
NCA7} 75 & % LAkl RN EAT £
W& PPI S Yehil & 1355cm™19}F 960cm™19] B
szt 5gskA vhebva 9lem poly-L-valine
o] pH#ES RKesls o= 19 V bande 5
A Jehte Aoz Mol cis-FXdo]£9
3ghelixal PPI#Eee A€ & & ek =2
A -HEE BRT 5 ' ol=19 1630
~1640 cm™ HES] WMHFSl  poly-L-proline
9 Frzudie MERDE s &Y E
o] e Fikel WA Szl EEI R of
tl= 19 Bk#eE HGESE BENE ¢ &

[(P]:[V]=50:500.2 HA(EAMKMLER
AR ZE Y FiHEA® EH L L-proline NCA
b 58 % HE AReE HAAZ
Aot e 7 2 sl olwf o] Fe]w e
L-proline?] &S WK} 82 & %ol HEE
BEY%HE & ERV UV AEY AR F
gt

L-proline NCAZ} 50 & % Ltk 6" HAR
ol M+ #ifiel L-proline NCAS] HAHEZL wh
222 L-proline B/ A BaeE o2
L-valine Byt 904 =F =X PPI2 helix

#rhol el fifel RES G A4d

Table T4 ®== (P):([V]=75:25¢1 EH
2ol A 3040 EAAZ ZEn 9] L-proline &
B 958 %(EAZRE 7.5%)2d] H3le] HEAE
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IR-Spectra of the copolymers of L-
proline N-carboxy anhydride(P) and
L-valine NCA(V), obtained in the
early stages of heterogeneous poly-

Figure 2.

merization in acetonitrile. (a), (c)=1.5

hrs; (b)=1hr; (d)=7.5 hrs.

A9 seitd AR LB EH&dAe
58 %R E ERF

g, EAWHAA 4 FAEe Astires
ER g 2 (Figure 2) A9 2%7F PP19 2
Zro] &g Kprstz glrk. (P): [(V])=25: 75°]
HEFRANA FAM SHERRE 1. SRyl A
oo e FHiMgaH ER M E poly-L-pro-
line& e & Hatd mAEIF AR 245
B RIEAZ Z8m e A& poly-L-valineg
B e 1510~1550cm 19} 710cm™19] opnl =1
9} olul= V bands} MRy 5EEHA vhebtbasl
} (Figure 3).

Ll #3E 2 2¥ L-proline NCAZL 50 & %
el HEAFRNALE  poly-L-proline®} PPI
helixol] L-valineo] &= o] 3—éhe1ixi =N
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Figure 3. IR-Spectra of the copolymers of 1L-
proline N-carboxy anhydride(P) and
L-valine NCA(V), obtained by the
heterogeneous polymerization in ace-
tonitrile (1 day).

o] KE=™ L-valine NCAZ}F 75 % Ll k<l Fol
A= #el &= L-prolineo] % & &F3F
b AREAG o= BES EAE BEs #
HE &= L-valinee] £8 4743 poly-L-valine
o] L-prolinec] ABY W& 02 zig zag §4
o} R Rl BESE Aoz HRET

3.3. % &

WiEE 47 Bty XBRREFERS 19
o}, o189 Figured & HBHE AR BEEAE
(EAMME LEARMY X#HEFEQ S poly-L-
valine ((P]) : [V])=0:100)9 26=9.3°%}19.1°
= TERIFE] 0.479nme} 1.900nmg] ZA:el 2
2] Zololr o)A (020)9F (110) el FRE I},
289 AFE] Al L-valine NCAZ} 75 & %2 90
2% 4B EAafdA BT T X
[HE (Figure 4) = poly-L-valine®] B3t (20=
9.3°, 0.479 nm) <} fI8 (26=19.1°, 1.900 nm)
9} Zolo A Fe —HET e AL U

gt W. TraubbZel] {k3lwl PP 19| #Ed4

Z2lH A2 A45 19784 849

8.3(020)

Py 10°010)

0:100

103° 90:10
190°
100:0
1 i 1 1
10° 15° 20° 25°(20)
Figure 4.  X-ray diffraction curves of homopoly-

mers and copolymers of L-proline
N-carboxy anhydride(P) and L-valine
NCA(V), obtained in the later stages

of heterogeneous  polymerization

(7days).

e BN RRY P20l RS A=z B
I¥F a=b=0.905nm, c¢=1.900nm, 7=120°
2hs gheh,

Figure 4¢]41 poly-L-proline ([P]):[V]=
100: 0)-& 20=11.3°, 18.0°2 PP I #i#7l &
A, ey (P): (V)=90:10, 75: 25,
50 1502 A7 EFHe XEElITge 20=
10.3° (0.858 nm), 19.0° (0.467nm)Z PP
((P): (VI=100:0)9 3 2= ek, =zd
o], poly-L-proline®] ML RS #5dihi
o] A 0.905nm¥ PP 19 helix il 43/ = el
s ooz K-E EFEsbA (100) mHRERE
2 (. 784nm>} Hl, AEE A L-proline NCA
7} 508 % Lk AR e (EARRE 138
H, Figure 4)9] X#BEHEA A= ol gkel sl %
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e HERHE (100)2 20=10.3°2 o] o]
0.858 nmol| dfwEr}, o] 2 Traubifo] =
3t Zt 0.784 nmX.t} A} Manderkern!®%o] ]
&} poly-L-prolineg of4 EALd} n-Z 2

&9 BAWBEGo|A PP 1= PPI 2 it
Bes WES HE, n-Z2idd3 gl 5060
% 455 BaEEF A poly-L-prolined #
flEAAA A2 **‘31“1‘“ PP1 RS mik
3ol olwf X Traub®%e] 77
e A AL gkt '7:"} 3+ 0. 778 nmet 3 3k},
By n-Z2d g Eol 84.3% H 93%3 B
EgErhol A 5 dbate] & A AEBE
2% 0.84nm ZhE 7bA| i lvha g}, o epzt
o] fhEErE 22 mEREe 2R AV AR
n-Z 283 &of o8 EEm o Kidhafel A
poly—L—proline?Jr REERS] HEEHO Y o] W F

of A7l KE&bEEd Hsl = Eoleha
gheh AR A = XREHTES] £Re L-pro-
line NCAZ} 4ol A Eiifne] Lol itk
of eor dHA HHEE BHeE® L-
valine NCA¢} #43l7] w#el Aoz 74+
o}, Fifllel] M = obd EY E & ol A H A3 poly-
L-proline A 85 X#HIEHo2 PEd &R,
PP I ##2 713 poly-L-proline®] (100) FifsiFg
o] ZAol7t AEE# A 0.850 nmel| 3 T
e e 4wk ek

gyl 72 A 5o A poly-L-proline®] EFHF
Uebl = 20=19.0° 9 RS Aoly Wl
o] QA 3}t (Figure 4).

XBEBIEREE ol & FiRTT=
HAEed fHRY —BEc.

BLES] SRS R, L-proline NCAZ} 50 &

I'Jr; §§ o fr

1o
781\1_

o M e

% LAkl EAFRAAM HEAD EEHE PPI1Y
helix##igo] L-valine BT &A=l right

handed®] extended chain crystal2 RS}
L-valine NCA7} 758 %L &FE EfRelA
Hae ZEvle  poly-L-valine®] Skl L-
prolineo] &# =l #5dko] HHEAA cross—8
BERE Asle Aoz k"t
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Figure 5.  Electron micrographs of copolymer
crystals formed in the course of hete-
rogeneous polymerization (3 hrs (a)
and 24 hrs (b)) of L-proline N-car-
boxy anhydride(P) and L-valine NCA
(V) in acetonitrile at 30 °C, (P) : (V)
=90:10
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3.4 BEEX|

TH—% BAKY ERREY 22245 &
#et7] fRete BTEMERES 39, Fige
re 59 (a)$} ()& (P): (VI=90:10¢l =<
HAEWE (3RS 18 (24RRD Y B2 2R
oltt, WielE poly-L-proline®] hexagonal®]
lamella} fEke] FeA AR #iE S olx Fos
o A o] EakEe] #dho]l Balth o] FEpk
< hexagonal®] PP1 ##o]A L-valineS v}e}
We Aoz HEgdch Figure 69 (a)& (P):
(V1=10: 9022 H&T W (1. 502 Z=
Mo FXEAQH L-valineo] W& HEAFROA
gt Table IolA 2 ule} 7+o] L-prolined] HA
HEZF Wiz ng kel poly-L-prolined b
Bvl= PPIS Exzxe FEpsich, =y
EANH 24 RH%e] RBY Ex2A (Figure
6 (b)) L-valineo] oj [ fyaEo] glom
2 Al HER BxEAE 2y Fz 9oy
FEE lamellart TS o] glomz g 1
%< ¥7] &}, Figure 7¢ [P): [V]=50:

®

Figure 6.  Electron micrographs of copolymer

crystals formed in the course of hete-

—
rogeneous polymerization (1.5 hrs(a)
and 24 hrs (b)) of L-proline N-car-
boxy anhydride(P) and L-valine
NCA(V) in acetonitrile at 30°C.
(P): (V}=10:90

Figure 7. Electron micrograph of copolymer-
crystals formed in the course of
heterogeneous polymerization (7 days)
of L-proline N-carboxy anhydride(P)
and L-valine NCA(V) in acetonitrile
at 30°C. (P): [V)=50:50

E2l0| A 27 A4 19789 89 12
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5021 EAFRNA L& EARM(IEARMS &
Z2A¢ld L-prolinec] X#Fol== poly-L-
proline®] Ex&X¢] 7}7}-$¢v] L-valineS v}e}
W o7kl FEfRel Hiol] S & 4
Ak,
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