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Abstract ‘

Poly (e-L-Lysine) (e-PL) is a microbially produced polyamino acid, composed solely of L-Lysine.
Due to antibacterial activities against broad spectrum of microorganisms, this compound has been
used as a preservative for various food products. In e-PL, amide linkages are formed between ¢
-amino and «-carboxyl groups. There have been, however, few studies on the structure and
conformation of & -PL, compared to poly (ot-L-Lysine) (a-PL).

In this thesis, I have investigated the physical properties, the molecular structure and conformation
of e-PL both in aqueous solution and in the solid state using various spectroscopic techniques. &
-PL was chemically modified with methyl orange (MO) and dabsyl chloride (DC), from a viewpoint
of functionalization of the polymer.  Structural characteristics and aggregation behaviors of azo dye
modified derivatives, e-/MO and e-PL /DC, are studied. Aggregation of dabsylated amino acids
(Dabs-AA) were also examined as a comparison.

Results of my work can be summarized as follows,

1. Circular dichroism (CD) spectra indicated that &-PL assumes a B-sheet conformation in aqueous
solution.

2. Crystalline and amorphous components of &-PL were separately observed in the solid state *C
NMR, and the former takes parallel B-sheet structure similar to the y-form of nylon-6.

3. Solid state N NMR spectra differentiated clearly the binding modes of &-PL/MO and
&-PL/DC and cab be used as a quantitative analysis.

4. &-PL/DC in DMSO solution induced a hypsochromic shift of the absorption maximum and a
split CD signal upon addition of water. These observations pointed out that e-PL/DC forms
H-aggregates and azo chromohpres interact with a chiral arrangement.

. 5. Dabs-AAs aggregate to form dimers with chromophores arranged in a negative chirality in

aqueous solution based on uv-vis absorption and CD spectra.
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T, AMERT I AFy 7 icEb 3 8iE ‘{Nﬂ—fﬂ—w)‘
ATHERAE L LT, A5MMER Y < —I28 | 8 "
LBEESTWNWE, R 7IVBIIE—DT Clﬂz
JVBRT I FRBATERE AL THEY = cs, oL
—TH V. RKARIZIL Bacillus BOEAT B HRY (lj]s{2
TNE I L, Streptomyces BHRD ¢ - ILHZ

YYTr (e-PL)y BHILGNTWA, ¢ -PL [3Fn
TR DO THEP D Streptomyces albulus DEZEE {NH—CHfCHZ_CHZ_CHZ_(I:H_CO};

BEVEHE—, BE_EEicL->THDHT ¢ -PL NH,
FERSNT, ¢-PL T MEAT I/BL-YY \
VDT I EE eI IARE AL LT Fig. 1 RV Joro—hHE

NTF FRBEEHHRT S Fig 1), AEO7 I/ ENKBERPTRY AF 4 ickD.
TIABRMERVDZ LILL o THEDRETT, S50, 5y F2AVEROBELER
BOObRVELESERINTEY, BETIE. BRMEFRLLTL M A ERAY
ZHEMEnTH3,

a-TI/)ELa-INVEXINVELE TRIFRESEFERLTWS o-FY U 0
(a-PL) iZ. BROpHEHFIZ LDV T Fha N, a-~Y w7 R, B — MEES L
DIEMD, NRTFFOZRBEDETAVHE L L THERIFRIN TS, —FH. ¢
-PL TiE, EFHDAF VU RBIC LV R ZREEY & 2 L TRISN D2, BiECHE
REOZFEERL L T4 A a VIZBT38EID A, £, ¢ -PL L. I
RISHED -7 I/ BEEFLTHY ., LEEHC LV BEALEB AR TS, Bt
HEOBRESIHTE 5, | |

AR TIE. e PLEKROBEERIEICET 32 "k % FTIR, Raman, % T8 NMR
ART MVEROWTHENT L, £72, BE{bo—8 & LT7 VAR X 2{b2E8i% 1T
W, TOBEEOEBERIT 21T o7, X bic, KEKP TOHEEIZ OV UV-Vis BN,
MM (CD) A2 M ERWTRE LT,

[2] &-PL OESKTTO RIS Table1 ¢ -PL RTF ¢ -PL/HCl OBpt{E
e -PL [IPRAEM DEERIR ) b TEFEH DR Properties €-PL &-PL/HClI Nyloné6

T, HBE (¢ PLHCl) OREORESEMES © Mn 409 4200 11,000
RELTHEDND, ¢-PLHCl 2k, Bk Mw 4700 5330 -
THZLTRONDERER  PL L ¢ PLHClO MwMn 114 126 -
BtEIZOWT Table 1 IZE & %7, ¢ -PLOY S Tm  172.8°C 2563°C* 221.0°C
ZEERBIR Tg 13 88°C. @A Tm i 172.8°CT—K Tg 88°C - 56°C
BEOCHULTWAF L 6 (Tg 56°C. Tm * Decomposition Temperture
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NHNOA F v RREIC L VBECHT AR ooy T+ A—a vk, . HEM

pH TIIHFEITR— b LS @R LB 2

[3] ¢-PL OBEFERETO ki
a-_TF REFTBEEZV Y RS
F KOZREEIL, 7 I FOREED
BT RBAND = L BE bR TS,

¢ -PL, ¢ -PL /HCl OE&RED
FT-IR, KX Raman A% krLOHEIE
#1To7=, ¢-PL Ti%, xIZ NH {##5
OEHE % -2 Amide A, Amide B %53326,

3081 em IZBBISNBZ EMBTIF
ER DO FRIKBREE OFENTE X
N7, £/, Amide 1. Amide O iX%*
NZN 1633 em™, 1535 ecm IR 6B T &

£V ¢ -PL O=RIEEIL B -sheet BETH B

EEXDN, ZDOZ LiE Nylon 6 IZXELT

W,

Fig. 3 1T &-PL 38 L T e-PL/HCI D B & 4y
fi#RE °C NMR 22 hML%&RT, ePL DY
NR=)LE (C=0) D —7 %, ePL/HCI &

HeB UCIERESR S 7 b L. ePL JX C=0...H-N
TAREBEFBELTWBZ EBEMTONE, F
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72, e PLOCYy L CEDE—2Z%f LT, ePL/HCI D Cy & C§ DY — 2 |3 ER - CH
BlESnTe, ZORMRY—2 OBV ESEEEISEV RSB - LIEELTHS, S5
ePL &AM m6 L ZHBT 5 & ePL D Ca, CB DAL 7 MCid 20 ppm., 8 ppm
DIEBES 7 M BBRIE N, ThbDY T NI o7 I ) K (oNHy) OETRA|
L ZEREDRIORBATEZ LN TES, £, FA 0L 610iE. HFEAERSE
BREF TR EIN TS ot & D FRIARBEBFITICHR SN TV yHER
2 2 OOREEEBMONTIY , BLEDRRY Mihd ePL OEMREET. Y- T4
BY6DEIRHTH —harTrA—var 2E3EEXLND (Fig 4).

& BIZ "C NMR OFFFIREEHEEIZ XV | e-PL IC I3RS & ERERTEET 3 = & 455
&2, EREN 63%EEDTNEZ ENERISNE,

[4] AREN  -PL OFEEEE

e -PL OHBILZ BME LT, ¢ -PLD -7 3 _{ }_

. . . NH—CH,—CH,— CH,—CH—co

JEETVBERTILREN L, #0045 Pr%H: l n
WZOWTHRE Lz, 7Y a#icid, pH ?En?%m—
DTHBEAFNZE LY (MO) &UT\:/%’\ ‘@‘
WRETHBEF TN uS54 F (DC) AL <:>
7o MO LDORISIZE D £ ALt Ak ¢ ¢ -PLIMO

-PL/MO %, DC L DRIHNZ X h B/ EOFE ( >
) NH—CHZ—CHZ—CHZ—CHZ—CH—CO
¢ -PLIDC %A L% (Fig 5). ThZhOE n

RICED a-7 2 ) EOBHEIT 'H NMR 222 |

MBI EE T0%E RED -T2, < > _<:>_§0
HECHT S EBENRMRE BB DI, N

NMR OBIEE S 5%, THENOEREN ¢ PL & ¢ PLIDC

ZOFEEDOILEL T M % Table 2 % & i, Fies B AL

e-PL/MO IZB\ T, &PL D 26.6 ppm iIZBHI SNz -7 I / FEHFEOE—2 L ¢PL/HCI ©
@-T VEZ Y AA F U BRD 43.9 ppm DIZIE T TS 342 ppm 12 E— 7 BRI S N
ZDZLED ePLEMODAA AL T Ly I ABEBTRR E NI, e-PL/DC TR o-
ANE T I FE (0-NHSO,) H3¥E—27 28 103.6 ppm BRI S . ePL & DC 7b=it€fb/‘\“

2L TWE D & DIRERR
&Nfz, SBIZePLDC Iz 1ole2 &-PL L ZOFHBRED "NNMR {LF 7 ME (ppm)

{% 35.4 ppm RIEICHRIZO  Compd. €-NHCO a-NHSO, @-NH,* «-NH, -N(CH,),

INERE—7 REBRIE . €-PL 116.9 26.6

Z DfEIL ePLMO OA A4 €-PLHCI 1227 439

varFry s A¥mBIcE  €-PLIMO 1161 342 60.2
BT 5% 7 MEVE  €-PLDC 1207 103.6 354 62.7
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W
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~RERSTZ MTAOITHL, ¢
-PL/DC TIE A IFEEES 7
I L. DMSO/H;0 = 1/9 DL
TiX 400 nm IZHEB SNz (Fig.
6) & HIZ. ¢ -PL/IDC D
DMSO/H, OB E TCD X<
MVEBIELZE Z A, 400 nm
FHECARB =y o shRpg G T
B&ahi, in DMSO in DMSO/H,0
ZDE 57, HO%BEBKIZ
X3 UVVis 27 ML oEEE
V7 FRUHE CD IEENEi, Kasha HIZ X 3BEFAHEEINABIUBEFXS Y
TA—EERAOVTERT D & KBRF CARBIMOBASBEERICLY XS5
—2H L, H2AEEBRLTVWE EEZIbRE, BEDZ L5, KEKRBTO ¢
-PL/IDC D2EET MR % Fig. TD X H IZHE L7,
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UV-Vis A7 MABLUCD A~2Y f b
ZHE L. Dabs-AA DKEEIKRF TOLE
EBMERIT L, UVVis A2 M e
WT, FEKBE T, Dabs-AA D AR
BOBRPUIZ AFNAT I ) TS R¥y
BREED pH KEMET T, Dabs-AA
DIRE EFITHEVY, Dabs-AA DE ) <—
BSRORIUEREA L. 360-400 nm S IZ

A —ICHRT By AR RS, Fig 8 Dabs-AA D2XEETVE
FA7—OBRIIHBHE L LTAVE ( Dabs-L-Phe : R = -CH-Ph)

DMSO RE., WRIBEERUT I 7 BABE®R) I2EFET 22 %287, Dabs-L-Phe DHEA
UV-Vis A7 bV TO 363 nm IZBHISh 5 & A < —DRUNEZ R LT, 379 nm (& D
B—ay PUHR 359 mICEDE -3y FUBRE L OBROBRESEM CD 22 FL
BB SN, Zh b ORERD S KT T, Dabs-L-Phe &iﬁ@ﬂw U7 4 —%R3EM
TCHFAT—EFRLTNBZL zsa*ﬂﬁé;nt (Fig. 8),

A BERRDES

REZARXICEL TREEREVEPICEERITO L L bic, TR ISE2HAIHKIERESL BT
BERARZMEL. 2R CICERERE Uiz, ZORBR. UTOLBOHE LR,

AT, HHRE Streptomyces albulus BEETERY 7 /B THB e - BVU VY (g -PL) DB
B & CEMAREE TO @S Z O RICESEHELMC LTV, Thb b, ¢ -PLAYKAKE TS - >—
MEEEL D, BHRETH IR 60Dy - BRERBUOMIER L 52 L% FIIR, Raman, ¥ NMR, B
TREGSTHREE °C 5L T PNNMR 27 PIVICESEHE M LTS,

EDIE, ¢ PLOBBELO—RELTTVRBRICES a - 7 I ) EOLBESETV., BEEHEY YD
> (& -PL/DC) DIKBEB A TORXEEBIC DOV TR LT %o BN AT (UV-Vis) 38 & U= &% (CD)
AR MVICETE, ¢ -PL/DC AKBIEFTCHRE THC LA L. 2A8KIC B 3 BEDREICIIFS Y 5 4
AFERENB e EREIELTNS,

AT DBONAMRR, ThE THERLDZD - HIgERY 72 JBTHS ¢ -PL DBEHEHB L
UEHED GBI U TEANZBREEZ TV5, . ARESHRY Y VVIRRPTE SV ARE

RETBHLVIHIREZ, MRRAOBAPSLEELRLDTH S, M, AR Ui+aict8toeiss

WMETRLEX, BEE-HTARLHELE,
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