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£ 2 : Polypeptide Aol 4 glycine o] fizfE o} #ol ul& helix iEko] v &= o &8 B
7e3l7] $138to] glycine 3} L-alanine 8] block copolypeptide & —{#Ef¥it —kolulal -5

i olotnl & BHAHIE oMl EY Ed oA NCA (N-carboxy-anhydride) ko 2 Amsh
glycine NCA ¢} L-alanine NCA & R¥y—%2 BELG ),

Block copolypeptide ol 21 o} helix ##io] A3} glycine B ¢ L A EF] 93l
helix {409 o] 2 E’-_EO]-H 124 2 random coil Q) Ee]EF 9 2ol EAT helix %

il %z L2 RAHRIA WIS MEFR G _
Helix o] %5544 -a-( 19-(Gl5)~ (Ala), (Ale)- (Gly), (Ala)-(Gly)- (Ala)~(Gly) % (Gly)
~(Al)-(Gly) 8] %42 28¢ ke, glycine BIE7h L-alanine &} a-helix FRo)
Wl A4 ke Ao Balgge,

Abstract : In order to examine the effect of the glycyl residues the stability
of the a-helix, a series of blockpolypeptides containing ordered sequences of
L-alanine and glycine residue were synthesized by heterogeneous polymerization

of their N-carboxyanhydrides (NCA) in acetonitrile as p-phenylenediamine

initiator with two functional groups.

These molecular conformations were investigated by optical rotatory disper-
sion of dilute solution in dichloroacetic acid (DCA : helix solvent), and in
trifluoroacetic acid (TFA: random coil solvent) and chloroform (CHCls: helix
solvent) mixtures.

The results indicated that the glycyl residues reduced the stability of the
a-helix and the order of the stability of the a-helix of these blockpolypeptides
were found to be:

(Ala)~(Gly)-(Ala) > (Ala)~(Gly) > (Ala)- (Gly) - (Ala) - (Gly) > (Gly) - (Ala)-
(Gly)
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1. # &

B, AfeEao T HES Bl st
ofm] Atel HBEAHE == KEABE A3
o HKST EERAEE S8 et w2l A=
Qe o] oA bl AR AAdAFA B
< WER #ECT stz &% ok kake] &
FE Houng o JFe #FRst ol AYs
i,

AE7tA e @] 9 dhdd, poly-L-alanyl-
glycine & Bombyx mori silk fibroin 3} %i{plg}
B-HEES et Aol Asgaksst X-
BEYT BE HE RS AT

Poly-L-alanine -2 3.6 @ Hir} —E#s =
helix & JpRst=d, oA HFR KEHEES
a5t right-handed helix 2419 B ## g A
= a-helix ## =+ random #EiEE 7FX 9 1,
FEER AN & f-HexE T2 a-helix #5EE 7}
Aok Aol gzt

#H polyglycine & 77 ¥ KFERKAS B
St f-HE9 zigzag chain ##EE 7HA £ ny-
lon 7 HilgH WS /M2 A= Aol ¢
A B,

ol EV E- o]l A —kolul & FABEIR a-
ofn] it fEKH 2 T~ Z EESH L- T
D, L-alanine NCA + a-helix &S B3}

g malE ATFRANA A Bz
=3 BAHEE A9 100% of EHH, GHT

WM BHEA = SFRSM7F B3 Aol
GFESHE RS EESdE AL HmY
ALl e, — obil & PHARIE a-o}e] gk NC
AE oM EVERdlA Ease FTRAE
AL Bt TanE Aes ke Wi
sle
‘oLl =

D=t/ (Tiggime S8

3} L-alanine 3} glycine ] sequential poly-
D-9} [r-ala-
nine & random ¥ block copolypeptide, glycine
3} r-benzyl-L-glutamate & sequential polype-
ptide %8 &3S BHAANA Y helix o] 225E
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peptide @ random polypeptide,

" peptide o} 9] glycine FHo

S AEI] 93 okt BREIE &
o2 BrRd f5R, glycine o ko] wheb a-
helix o ZEtko] dA s A Hagets HG7H
9] T15,16, ’

2|1} L-alanine 3} glycine ] block copoly-
A . G
uwtZ helix ZiEMe] X = Aol A HEE
o}x s glx] gk, o] 22 block copoly-
peptide & &HC3HEH ERY w2 EILe] Hg
gl copolymer & £HUSHE IRE7F A7l
ol o) BrsE AYEA god Aoz ke
o}

A gl A= fERESE A s de —
Zotulel psidalriolul & PAsREIZ (Gly)-
(Ala)-(Gly), (Ala)-(Gly), (Ala)-(Gly)-(Ala)
4 (Ala)-(Gly)-(Ala)-(Gly)®] 47k#] J#iEel
block copolypeptide & & 3std . o] & RA¥E
helix Q] tJF2 2ol EAL(LLT DCA 23)
% random coil ¥Wtiel Eg] T2 3 olA EAL
(LT TFAZ ¥)¢ helixige Z2zIE
(CHCLy) 9] E&BE 3o ORD (optical rota-
tory dispersion) & IE3}e] Mofhitt’s parameter,
ay 8} by & A A, KARSE NEHKEE ¥
fiote]  B# AN A2l glycine 3 L-alanine &
block copolypeptide o] Hifiol A3te] BF7ESHA
ot

2. REAZE
2.1 Glycine NCA 2} L-Alanine NCA 2|
N A
o}u] := Ak (glycine, L-alanine) 10g-g H E=}
spo] 2 ¥ 400 ml o FEEATl . EEE
45°C 2 SR AFHA Ex2A 2 B (trichlo-
romethyl chloroformate) & o}v]:=4k9] 1/2 ¥
B F98tz 2~4A1 7 KIESHe @ H NCA
£ ol EAqE-3 A, Hoeldos 2oz
of B 2he] FERSte] vl fEErHE-e NCA(CI
gak 0.01 % ©13h & A3l
ofu] =2 HA Takara Kohsan it S5 (8
)& AFAENAT, 7 BEEEE —Bk
o 3t RAHKZ 58438 K& AAL F A
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Glycine ¥ L-Alanine 8] Block Copolypeptide o] K4y

39 c}, trichloromethyl chloroformate &= HA&
Hotogaya #if, p-wdaliciolul & A% S
oo 2 RS e
RS- o3t 2Erh.

Cl o)
Cl— C} —0— g Ci + 2 NH,CHCOOH——>

4 R

R—CH—C //O
O +4HCl1

NS

NH—C

4

0
R : H (glycine),

2.2 Glycine NCA'2} L-Alanine NCA'2|/Block
Copolymerization 17,18

oAl EV EF dro] 4 9] Rle]FEE (. 217 mol
Jdm3, £x&= 30°C & fA8ts D,=[A)/(1)e]
wE BARRAL pslddivlobnl & FEASY 100%
BRAL ohg, G524 NCAE &A% A
3t block copolypeptide & &SR3tk ol
Eelv 9] FHEE ¥4 L4 CO g A
#Fote] el ok

2 o] EERER-E ot 9 2},

: CH; (L-alanine)

0

R—-CH-— C<J
2n g o+ Hz‘\!@—NHz —_—

HN—C§O

R R
)—c-[NH—CH~co}HN—é’_\s—Ncho—éH—NH}H + 2nCOp

¥ B E- JASCO ORD/UV-5 #! (Japan
Spectroscopic Co. Ltd. )& #HIA. HES
Xe lamp, A& AASYHAGILS HEBEY
(10 mm) & {EMA3FS L. sH4H S 600~300my,
LEE 20£2°C, ¥EE 0.5g/dl 2 [RXE ()
£ WESA PR 2o0AY BEEEE (m):E
SRz A st oo,

o=ty ) ()

n: B BR
np*(TFA) =1. 2850
np? (DCA) =1. 4659
TFA : CHCl;=90 : 10, 80 : 20, 70 : 30,
60 : 40 (vol %)
Al 2p20=1.2945, 1.3065, 1.3125,
1. 3352
C: Y ¥x (g/d)
[: 49 %7 [dm)
M, : THBREGTE
Moffitt’s parameter ap &} b, = Moffitt-Yang
&Aoo 4 ko,
bodq*
(2— 122
{_ 10:212111#22

2 2
old [m')x—2 1050 &

2
(D=8

#5ted

= Aol dejAlet, J&712HH b,
AYHoBHE g F T3
A, BEAANAY S EL Doty¥Re

E5E AAety e

R-cH-c?" ay=a®+ aB X"+ g8 XFP

H{NH—CH—COTH\H \~\1H-L—OO—CH—NH}H+ 2m H'L_Céz —_ by = X
H{NH—?H—COHNH 'EH’CGJJ;HN'(D'NH{CO—&RH—NHﬁCO _éH_N}_&;‘ + 2mCog ay=a®+ —I;%Oﬁ—aoﬂ +ay? X8
2.3 WEAE Xbaf=ay—agR+1.15,

EH¥EE (9] (dI/g)+= Ubbelohde B HiEEit XB=1. 1_’%_ ao’;
£ AT 2 (MEEE TR 120~150%), % a0t
= DCA st 25+0.1°C o HESFE oA,
A JEsHH e a®, bR : 100% random & =&} ay &, Tk
2.4 XS AE (ag®=—560, bR=0)
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SRR - SR

g, b 2 100 % helix & w9 aq, bo 7
(ah=680, b= —630)
aif, b 1 100% S-HEEY w9 aq, by
X X8 : helix @ g-#iE o5
2.5 FIMEN KT
FIVBSHRIE-S Beckmann 18-A & {EAIE}
952, NaClizol BABES B ABE 1~
2 g AeANE, gAML AZ A 5L
2 ubEo] adl 2 JESIG .

3 RBRER U B8

L2 i3S block copolypeptide & Tablel
o] IS+ k. a-helix & J¥RL3H= polypeptide
£ 3.618 Byl EeEs =2 polypeptide 19|
L-alanine Bt ® 2 3.6 02 v} #ko] helix
TS vhd e et 23 poly-L-
alanine o A] 8E87}A) = BHEHEE TUBBIER
BA#4#)o] L-alanine 0] 9]¢l block copolymer
= L-alanine ZHJEN A 88 wl vpe|R] BRILHE
2 2H HEg S helix TR BE
gom axAoldt b2 AEetg

EARES EAEI @mEd vt AAH
o2 Hskxz ek

Table I = Moffitt-Yang {20210 2 FEI &
AEH ap, by % helix f3A8y} Doty® K2 5

B iR f-9%E Vbl Rleloh Helix 4k
the] 4] 5243 right-handed helix & J4m3HE
poly-L-alanine &] & gk-& —630 o] t}?22 Z¥] =
2 helix 538 5/(—630) o] "}, =3 poly-
glycine & FENEIEHRO] 22 by gko] D] =
c},

Figure 1-& by 2 3B EF5i& helix HETHE
3 A9 el BEE b 3E FEEZ Ao
o},

BGA-2-1-1, BGA-2-2-1 ¥ BGA-2-3-1%&
helix R ATEES “HAS] B 4,10 % 200 #
sle] glycine BIEE 5@ Kimel FRfeste
(Ala)-(Glg)Z (LI'F A:L-alanine, G: glycineo

= )¢ block copolypeptide ©]# BGA-2-1-2,

BGA-2-2-2 ¥ BGA-2-3-2 %2 helix WMHH
Bedk Ao Bl 8,20 2 38 <ldl, §HZFe] A
GA %o 2 L-alanine BEjirlo]o] glycine #EiL
7F 5% ##fe8H= block copolypeptide ©] v},
33, BGA-1-1, BGA-1-2, BGA-1-3, BGA
-2-1-3 ¥ BGA-2-2-3 5:.& §Fo] GAGHio]
helix EATHESE Hd el B 4,10,20,10 % 4
o]n, glycine #{+ 40,34,34,26 % 260]c},
Figure 1|4 Mizupe} o] AG S AGA T
2 helix & w3l b zhol B4 & K, GA
G 9% AGAGH #-& & BoFx . =

Table . Composition and Characteristics of Block Copolypepitdes

Sample Formula of polymer ; Egrsjigre Or;mﬁ(el{?;m ! M Eea / dig-? } DP=(A)/(I)
BGA-1-1 G10A8G101G10A8G1o 4 0.71 1 56 -
BGA-1-2 G7A15G101G10A15G7 10 : 70
BGA-1-3 GrA3G10l8G10A26G7 20 1.54 106
BGA-2-1-3 | GsA1GsIGsA1sGs 10 84
BGA-2-2-3 | GsA¢GsIGsAGs ; 42
BGA-2-1-1 GsAselA1eGs 4 ] 42
BGA-2-1-2 AdGsA1sIA16GsAs 8 ' 0.6 58
BGA-2-2-1 GsAnIAxGs 10 i 0.82 64
BGA-2-2-2 A16G5A2TA2GsA 20 1.18 100
BGA-2-3-1 | GsAsslAgG; 20 1.28 : 100
BGA-2-3-2 | Ag 5GsAslALGsA 5 38 1.7 165
BGA-3-1-1 | GuAGsAslAsGsAxnGn 36 1.82 | 182
BGA-3-1-2 ‘ GosAz, 5G58451A45G5A 5 5G s 38 i 1.54 211
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Glycine #} L-Alanine 9] Block Copolypeptide 2] B4

Table . The Value of Moffitt’s Parameter a,, 4, and Helix Content of Resultant Polymer in DCA.

Sample ao bo helix conent (%) ‘ B-content (%)
BGA-1-1 43 ~118 18.7 59.0
BGA-1-2 40 ~150 23.8 54. 3
BGA-1-3 58 ~188 29.8 51.4
BGA~2-1-3 55 -185 29.4 51.4
BGA-2-2-3 25 ~125 19.8 55.9
BGA-2-1-1 80 —325 51.6 35.3
BGA-2-1-2 95 —335 53.2 35.8
BGA-2-2-1 80 —345 54.8 32.5
BGA-2-2-2 105 —350 55.6 35.0
BGA-2-3-1 150 —365 58.0 38.5
BGA-2-3-2 150 —410 65.1 32.4
BGA-3-1-1 95 —285 45.2 42.7
BGA-3-1-2 100 —270 42.9 ] 45. 4

G FETG F Al dHo) e & T 400 ,
ek, - |
o714 AGA ¢} AG HEll A by gko] A & ] |
AL glycine o Bklrl 29 = RR| A ! °
ok, Kol glycineo] & EAF#ESHE GAGS A 300*/‘/3/ , ;
GAG # b helix %2tk ¥4 athe A [ P
& ety gtk o] A& Table] & o= & . -~ |
2 9lt}, ?
g 200+ 3
FOE W b9 A & Figure 20 Y} &
=t
Figure 3 & helix ko] 3 bt & E2ET L GALAG
A {GALAG -
Aelwh, ei714% helix GEMS GAGHOl 7t 100l % o reriaGA
A ALES AdE B Fa i, REEZ AG i e :GAGIGAG
9} AGA B2 7b4 helix ZiEtke] 45 2o % tAGAGIGAGA ‘
#3 g,
Figure4 &= FAE] st 2-4 ] vepd o % 12 20 8 32
Doty X2 2 FH T3 p-5&s FEEIF A Possible maximum number of hely
g 2, AG AGA =
o pED RS < A Figure 1. Mofhitt's parameter — &y vs. possible
EAES ®inel AARel A KT LA F

o gle}, GAG S AGAG MejAl &
gmel oot modte AFE &
PLEe) #5RE E AGAHo]

"HAEY)}

-
_r.ol

GAG #¥x}

helix ZEHS] F& & + Ak
s o7l KEHEE ST HHEH: glycine
9] FFo] HFA KREET BRT ZAT 4

el ke L-alanine hehx 7V S

#®2iH A 14 A 13519773 349

=&

maximum number of helix.

o] glycine Bt helix i#ige] 2o/ =

& T4 XEz A4 e Kok, #
B-HESE WS glycine BEk Abo] o] fo.fE
L-alanine 9] helix = ZrFRlel mE KFRibH
o] £o L-alanine ] helix el A A2 7142
= Ao AAEEd, glycine s} L-alanine 9

(‘Ir‘ rr of,
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SFR - BHEX

a
H .
200}'
[
l »
¢ / A: GAIAG
1 £
100 - . o: AGAIAGA
| v: GAGIGAG
¢ x: AGAGIGAGA
f
| P S
0 160 200
op
Figure 2. Mofhtt’s parameter —5, vs. degree of
polymerization.

F

-b.

: v A GAIAG
/ ©:  AGAIAGA
®
x

GAGIGAG
100+ : AGAGIGAGA
—_ i1 Y — . "
0 0.5 10

Fraction of helix
IFigure 3. S-Fraction vs. degree of polymerization.
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1.0
A GAIAG
r °o: AGAIAGA
, . o: GAGIGAG
" X :AGAGIGAGA

F "L
O n . a i 1 3 " i . S
100
0 Dp 200
Figure 4. Mflit’s erencter —{g ve. frecticn of
helix.

fa Bl A = glycine o] vt2 ol & HF 9
KFEEES S, L-alanine 3k —3= 4
TR KFEEE BEEA Z3x F33 A ran-
dom coil Ae} 2 FFFEY FHEko] & Aoz
ZEE o

5, FIET BHEANA L-alanine & 28
B helix Abo] ol A R AFEREA S HHEA
& glycine B/ S HEE helix 9 7)o
H¥o] gloy, #KdAs oFHY k%
& WH3HA] E3} L-alanine 3= random
2 FAESH] wFol helix ol o) 7t gl

o

ISy

Sl B i

gtH, BGA-2-1-1 3 BGA-2-1-2 2 BGA-2-
2-13 BGA-2-2-2 % w|wx3 ¥wul, L-alanine
BB glycine BEARE —Edd) %EE W
#ERoh Kol L-alanine Byl 8% 187} o
A gl helix HEZ £ W A9 vk}
ok o2 AL glycine FFrh-go] helix &
B3t = L-alanine & B} w473 AR &8
W= helix BRdlE 204 & 4 & F4 &
gohs Ae 4 F A% =¥ BGA-2-3-1 I
BGA-2-3-2 & v =3 Rol% ##Ko L-alanine
BHEE MR 2694 &9 Hste] b 3o
—3659F —4100]tt. o] HA] 2}z & o]

Polymer (Korea) Vol. 1, No. 1, March 1977



Glycine ¥} L-Alanine 9] Block Copolypeptide o) #A#ityi:

tobde & 4 gu,

Figure 5 = helix % @to] 7H4 RLES 4
el GAGH F %o 22 39 glycine
& F2L 2 Aojol]l gl L-alanine Tt 2)
1%L A] 71 BGA-1-2 ¢} BGA~1-3 & random coil
B4Eel TFA ¢} helix 542l CHCL S % B&
Bkl A &) helix 548 2R EF Ao|th,

BGA-1-2 &= A A4 2 helix 5r20] §
petE AL B9 o, TFA: CHCL=90:10
(vol. %)<l WA= A9 helix 7} f#EdHA|
@z gleh

oo K3t BGA-1-3-& A9 #Ei83 Mg e
Ho] F3x 9lon], TFA:CHCl3=90:10 o] 4] he-
lix 4235 9% A%2 BGA-1-22t} wic}
Helix o] RZ25EM:S e &= random 442 E §i
#oll Ibdte A2 g ez e Aoz
Hob, ZHe o9 glycine HpHeAlolo] FrrEs)
+ L-alanine Bii= 2 Zol7k z17lo] RET
& vEpl s gleh

Figure 6-& 7}% helix %EK:] Itz 3
+ A& AG 9 AGA M S LLESE Aolch. o7
A= BEEEZF 232 glycine 3 L-alanine B3L:
—iE3 BGA-2-3-1 3} BGA-2-2-2 & M3 7
ot} 7|4 helix W5l DCA A= & 3ko]

.,

“,

Qs

37A26G101010A25G7 ;
: & G7AigC10iGipAGr |

0.2 *\\J

:
xf=049 |
x"=0.42

cin

o1r
~. |
\ XP=051 |
, ) ) XR=048
60 72 a0 90 TFA(L)
40 30 22 10 CHC[3(°/¢)
Figure 5. Variation of helical fraction with solvent

composition.

EoH A1 A 15 19779 3

e

A9 Wl sg AL By ok TFA 7F 90 vol. %
e BEBEANE AT 287} Ao =

0.6F ®: G5As5'A450s
k ° : AigGsA271A27G5 A

i -
ol ‘:—:ﬁ\
=
L xB=0,28
0.3/ ¥ XR=0,42

0.2
o1+ x=0.26
x=0.64
60 70 80 90 T FA®h)

40 30 20 10 CHClz Ch)

Figure 6. Variation of the fraction of helix with
solvent composition.

AigGsA27IA27CsA g

A f

2
1546

GsAsslA 4565

,
x 1530
71630
1656
1700 1500 (Cm'}

Figure 7. Infrared spectra of block copolypeptide
treated with mixed solvent.

(TFA:CHCl3=90:10, vol. %)
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DA -

g+ random coil 335 E Eujo] £ BGA-2-2-2 7}
helix Z7EfEo] o Zvte AL ¢ F o
#, CHCI; 50 vol. % LAk T{J‘-;,-EJ BIANA = &
kel #5a99l A o] 4AA ORD HgEoe] Auy
RESte] Wol (k3 helix-coil @fire] %3+ A
e 48 4 ddh

ol HRE ¥ vl Afyer Eidly| 95l
BB 5o 2 ARE NaClio]d 2
& whEe] IRZ WES #FEE  Figure 7¢)
el ch, 74 S 94 AGA - Amide I
band & a-helix & uleddlE 1660 cm™! o] A
peak 7} vFeREsL 9l Sof f(Ehe], AG .S f-iE
G5 wbd st 1630cm™l ol 4] ek BQ

Vel &= 1656 cm™ 9] peak 7}

Ytz glet,
1A ek,

random coil &

a-helix peak &= Heo] Fi

4 & W
Glycine #3£9] {#E9} #o] w}2 helix 224
He Thest 2ol #i A% 4 b .

A, glycine #giiz} L-alanine EHiAlo]d]
sk 2, 29 ¥ mye 7B Ax
t} o] 2 helix ZiEtho] F& ¢4 slth
L-alanine B Alo]o] F7ZEd}= glycine
B L-alanine Bk thlo B}

A4,

glycine

12ests 80} helix ZeEhko] o £& oF 4=
A=k

Pk faamye helix ZeEe 2719 FHE
= et 2

AGA ) AG) AGAG) GAG
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