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2 ¢F: Biosurfactants®} 22 FRABAFAZ A8 F e YBEAES 2o NI ADAE
A zsgch &, Yol polylysine (PL)F} H]o]- &4 poly(ethylene glycol) (PEG)& ¥Hg3lo
EE 33349 PL-»-PEGS} 1etze 5] poly- L-lysine (PLL)-g-PEGE Zz} 3433}
9t} E3) PL-APEG EE ZZA+= A3 succinimidyl ester of carboxymethylated
MPEG (SCM-MPEG) ¢} §& ol7l7} B39 poly-e-CBZ-lysine (PLZ)& o] g3l &g ot
Moz AT Yol PLE A¥ut 23e] HH & {3315 ¥idd) vlo] 24 PEGE 23]
2 2 gus viao 2 wjgsld XY e FaAg Y 5 Avt kg FAe} FEEA
9] 38 Fz= 'H NMR, 3434 9 UV klaigid. 7|8 gsle PLL-¢PEG 3334 =
A PEGY ujdz 543 Ale 54 9&d Af-olE (HFFs) 2 ¥ (RBCs)¢] ¥
& A3 #aAIF o PL--PEGE &34 A x Rt} wabx] AE-2A e 4324
& WAk UM BE FEEAEcE 22E FZFEAV O uigAR ez Algdd.

ABSTRACT: The biocompatible barriers with dual character for surface active agents like
biosurfactants were made by reacting cationic polylysine (PL) with nonionic poly(ethylene
glycol) (PEG) to give block and graft PL-PEG copolymers, PL-8-PEG and poly- L-lysine
(PLL)-gPEG. In particular, PL-5-PEG block copolymers were synthesized by a new method
using an activated succinimidyl ester of carboxymethylated MPEG (SCM-MPEG) and a
blocked poly-e-CBZ-lysine (PLZ). One component, PL, adsorbs to a cell or a tissue surface,
and the other, PEG, which has no strong interaction with the surface, dangles away from it,
thus blocks the adhesion of the cells or tissues to the surface. The chemical structures of the
intermediates and copolymers were confirmed by 'H NMR, titration, and UV. The self-as-
sembling PLL-g-PEG copolymers significantly reduced the adhesion of human foreskin fibro-
blasts (HFFs) and red blood cells (RBCs) due to the nonadhesive property and chain mobility
of PEG attached, whereas PL-5PEG did not. It, therefore, suggests that graft copolymers are
more desirable than block ones in prevention of cell-tissue interactions.

Keywords: biosurfactants, biocompatible barriers, polylysine-PEG copolymers, cell-tissue inter-
actions, prevention of adhesions.
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Azke] A& oAU AR eh=d YoM ME
U 23 Habel 2o % A¥e du Uy} 239
BEL FES U3E F1 wgozN ANNg =
Aol AN M E-ZH H3 LS ZADY. ol
T2 BBE A) Yk DB APA 2 oo}
FoRM BHa P AXIN A5FLE HE 4§ o}t

Yvtdo 2 biosurfactants®} L& A= 27}
A 54E 2 IRATFZE Hol JAoh? e &
ol xZo] B B3 AP 5 U= PoleA
TFA FEolx thE s A Ay uhe-slx
e Hlo]24 TR BEo|r). o]y mEalE
+ polylysine (PL), polyornithine, polyarginine,
polyhistidine, polyamines, polysaccharides S-o]
Qom ojFL AAAGY AN 2T oleAYL
Z 8 & glolop @rhtd e Hlo| oA mER}:=
poly(ethylene glycol) (PEG), poly(vinyl alcohol),
poly ( M-vinylpyrrolidone), poly(2-ethyl-2-oxazoline)
o2 FEACHA Tud, Paw 5o AN,
AX B 2 Be] 4EFEE A 3] = YA
#4& veplo} @r}.50

A 98 ¥ F de ¥F 54 2= 1B
AFEE FTFUA Y= AR A8 5 Qo
TERAE 7IEeE o2 o8 7ix]e] F27} 7153
U BE aszE 9 B 333 gARes o
AEE 1 7]%e F e Aoz UA
o} ol2l@ FEHAE AA S biosurfactantse} 2
< o8 d BEHBNAE FHEA UL ge 5=
ol&¥ F AL F, 1) S¢F ¥, APy »
EB49¥ < (angioplasty) 39| 33 (restenosis)
T AE/zH AHELA|, 2) A FWuoly
AFYH T2 o4& 3¥, 3) arginine-glycine-
aspartic acid (RGD)$} & fEl= 7=, tPA
o e $YAL, AR, §33, oo 5o e
BHEL] YAz A Fol JHEAHQ do]r}.

Hubbell $&% poly- L-lysine (PLL)®} PEGE&
o|83l PLL-g-PEG 12 E FZ3E P43}
o o2 7 NE/ZXT}e] FEREe drsg)
PLL-gPEGE AfoME 9 Svxz o] Hate u
A Bd 2dlAYE F €AY A 2 2N

1000

o HA= WY £ Adkn Busdch £3 1
€2 YA Yo|E-PLL microcapsules®) A3 A
& 34A917] 998- PLL-g-PEG & A}g-stgch!
2 dFdME M e 72E JRn 9s
PL-5-PEG #& 3334 9 PLL-gPEG aal=s
TTRNE 4T df 2 F=2E A, o] 2=
A DA 7 AfoEe) H %} spreading 2 A
7] S vIXE G sy Gopagiot.

a4 H¥

Al%f 3¢ X Z. Monomethoxy poly(ethylene gly-
col) [MPEG, #=}8: 2000 (2K) 2 5000 (5K),
Aldrich]2 Wifloz ZnZ{F b AMgs)
Polylysine (PL)2 poly- L-lysine[PLL, ®x} :
21400 (21K)], poly-&-CBZ- L-lysine[ PLZ, &2}e}
12900 (2.9K)] ¥ poly-&-CBZ-DL-lysine[ PLZ,
EAF 1 8400 (8.4K)] o2 SigmaA|£& Ithz A}
&34t 1,1"-Carbonyldiimidazole (CDI), tosyl
chloride, mesyl chloride, tresyl chloride, N-
hydroxysuccinimide (NHS) dicyclohexylcarbo-
diimide (DCC)= Aldrich| £¢] S3A)oke A}ga
K[t YT ¢34 99 (lectin) & SigmaA|Zo =z
triticum vuigarisZHE) A2 wheat germ aggluti-
nin (WGA)& Al$-3idth. we-4uj=  Aldrich#]
o SEE, 2% Z0) L A AR EF 921
HFEE a2 AR

PLL-g-PEG ORIZE ZE%x|e| BIA. PLL-g
PEGE Sawhney Fo]"! R ube] osin $H4
At 23] 71edd, W4 MPEGS5Ke =&
Al71& CDI2 84347 t& PLL21KE sodium
borate $38- (pH 9)fA FE¢ AL ut
43l PLL21K-g-PEGSK & g9t}

PL-5-PEG &% ZIZeiiel M. Fig. 1& A=
& WHoz PL-»PEG 2 TZ2¥NE Y4s=
MEEAEE Jehd Aoz, gEAY Fgoe &
A o237 2o

1) CM-MPEG #tM. MPEG5K (28 g, 5.6 mM)
€ 50 CAA 4AE¢ 3L 150 mLo] 39l
Th& potassium ¢-butoxide (3.14 g, 28 mM)& 4
I ZE 2moA 8AIZEEUL ¥HE A7 £ ethyl
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CHyO(CH2CHOMmH  +  (CH3pCOK
MPEG KO-t-Bu

BrCH2C02CH2CH3

EBAc
CH30(CH2CH20)a~CH2C02CH2CH3 ECM-MPEG

NaOH H20
CH20(CH2CH20)m-CH2COzH CM-MPEG

NHS | DCC o

CH30(CH2CHz0) CH2CO2- u@ SCM-MPEG
)

H(NH-CH-COWMOH

TEA (CHa)a

|
NH-COOCH:O
PLZ

CH30(CH2CH20)m-CHzCO-(NH-CH-COIOH

|
(C|Hz)4
NH-COOCH:O
PLZ-b-PEG

HBr 1 CHaCOOH

CH30(CH2CH20)m-CH2CO-(NH-CH-COMOH
(CH2)«

NH2- HBr
PL-b-PEG

Figure 1. Reaction scheme for synthesis of PL-5-
PEG block copolymers.

bromoacetate (6.4 mL, 56 mM) & W1 gL &%
A FFEL NEAAT WEEL el Lo
€ FHAIAM  ethoxycarbonylmethyl MPEG
(ECM-MPEGSK) & 23tk A&siA o7]d] 1N
FASIEE 100mLE 713 3 Ao 44715
& 7teEE A7 ohe 2N gate® pH 2-302 o
1 Ygz2ve 200mL2 3W 2319, o)y
A F2E 718 oM B2 FA%T $HE
BLE €58 tg AR JH =29 AJAH &
A3} carboxymethyl MPEG (CM-MPEGS5K)
E #4439 8 :98%; 'H NMR (CDCl,) :
03.34 (s, 3H, CH30), & 3.64 (m, 4H, CH,CH,0),
0 4.16 (s, 2H, CH,-COOH), ¢ 6.42 (s, 1H, CH,-
COCH).

2) SCM-MPEG g}4. CM-MPEG5K (5g, 1 mM)
€ 0 CIA F4 dg==dd 30 mLd =9 og
NHS (237mg, 2mM)E Y3 o]Jojs DCC

®alH  A223@ A6z 19983 114

(417 mg, 2mM) & H7}3 F AJLoA 475 Bt
3t Y duln §7158 2N e
delzd APAT F Y opEelER MAY s
succinimidyl ester of carboxymethylated MPEG
(SCM-MPEGSK)E gA4siact. 48:95%; 'H
NMR (CDCl) : & 2.86 (s, 4H, COCH,CH,CO), &
3.38 (s, 3H, CH;0), 8 3.64 (m, 4H, CH,CH,0), &
4.53 (s, 2H, CH,-C00).

3) PL-5-PEG #4. SCM-MPEGS5K (750 mg,
0.15mM), PLZ8.4K (500 mg, 0.06 mM) ¥ Ega]
dldo}ql (33,5 (4, 0.24 mM)& T4 tudEgo}
ol= (DMF) 50 mLell 352 % Ao &%t
WA vhgd g dElad JAdsn ond o
& 29 &AM 54 (dialysis) ¥ F WSARA
1} g4 (salting out)de] PLe| o}gly]7} mE=
PLZ8.4K-b-PEGE #A4stdnt. 48 :50% ;'H
NMR (CF4CO0D) : 8 1.3-1.6 (m, 6H, CH-(CH,) ;-
CH,), & 3.10 (s, 2H, CH,-CH,-NH), & 3.38 (s, 3H,
CH;0), & 3.64 (m, 4H, CH,CH,0), 8 4.27 (d, 3H,
CH,0-CH,-NH % NH-CH-CO), é 5.07 (s, 2H,
COO-CH3,), 6 7.28 (m, 5H, phenyl). A &s)jA o
7 PLZ8.4K-b-PEG (300 mg)e| 30% HBr/zAt
49 5mL& A7kl CBZ7)E grEsld Aol
Hed oF 208 ¥ JH=ZE Jlsld 308 o uhgA
U o A ddzg FA5n Az F27
22 PL4.7K-b-PEGSKE #4339y}, o) e
oz EXggol Mz ot& 371%x|9] PL1.2K-b-
PEGSK, PL47K-3PEG2K % PL1.2K-4
PEG2K 8% 3= g8} 4481 100% ;
'H NMR (D,0) : ¢ 1.4-1.7 (m, 6H, CH-(CH,);-
CH,), 8 2.95 (s, 2H, CH,-CH,-NH), & 3.38 (s, 3H,
CH;0), 6 3.64 (m, 4H, CH,CH,0), & 4.27 (d, 3H,
CH,0-CH,-NH ¥ NH-CH-CO).

T= 24. PL-PEGY] W& F7H9} 25859
3y F= 9 APmE 'H NMR (GE Gemini
300MHz)2 ®AM3gon el PLZ-p-PEGE]
3$- CF,CO0D, PL-4-PEGS #$ D,0& A3
A& AYstas CDCLE AM-3igrt. CM-MPEG
9] Ft2EHIE 0156 M FARUEFoz HAs)
o ¥ (DS, %)8 7+ oy, SCM-MPEGS2]
2823 (A ¥x)e FAJUEFoE s T

1001



3§ 2 - Donald L. Elbert - Jeffrey A. Hubbell - Z1&%} - ¢tz

¥ A7 hydroxysuccinimide& 260 nmoj|Ae] UV
#2588 A

MFOME H& U Spreading AH.° H4E F
Z#A|& phosphate buffered saline (PBS, pH 7.4)
&Y B 02% 2 NE vh MEe RS 24 well
disho] Y3 2085< FHA1U ¥ F3Pe] PBSEY
oz FA3E. 10% serume 343 DMEM uj
4ol neonatal foreskin® ZHE Ea]§ AG-o4
¥ (human foreskin fibroblasts, HFFs)& 2000
gl 40000 cell/cm?’z #E3tdq 2 A7 F31
24 well dishe]l ¥x 37 ColA 3A17H5¢t vl sl
g 10% TEGHI=2 3F5¢ LAY
Afold X phase contrast ®n7 (Nikon, 200
Wj)o 2 Basle] W3 L spreading® 48 AW A
o AABIAYh F5AAE FHAA g3 PBS
fdoznt Fa5 & 4 control2 AHE-sl4 T}

X+ 2% (Agglutination) A#. PBSE4& A}
83l FEEA 2 HAIFE 4F 1% 8902 T
€ s 5049 FEEN $49& 05mL
Eppendorf@ell Y3 100 (9] HETF §4& A7l
g ¥ 58%9 incubationdgtl. «7)d) 0.05% &
B d¥e] 232 WGA 50 M8 H7Hg e 38
F 4458 (200g, 1¥)3). A& ¥ 9y
22 dAHFE NFH}A Fewd e o Y
T7iEle] $FPAGRE 1009 HulFez ey
o FEHAE M- @1 PBS&9uhg Aed
A& AF control2 3lYt}.

g3 % OF

PL-PEG ZZgh|e . AAHFAo| %
PEGE 988 IEAAEE A3 Y&y e
B4 2 AE Pye] muEm Uoh2B B AN
© PEGE ol&3l9 nalze 4 EE 3¢S
4s7] 94 WA PEGE o8 711 wyge=
BA3A 1S polylysineg AFA|RoW 1 72
+ 'H NMR, 33y % UVa i)

PLL-g-PEG a8l E B2 Sawhney 5
o' FHF WYL olgsM AzsAUch PlL-g
PEGe] 'H NMR%4 A%} lysine7]9] 5.7% 7} 1,1'-
carbonyldiimidazoled] ¢J& #43l® PEG (CDI-

1002

MPEG)S} w¥hslglth. ole  PLL (¥4
21400) s MPEG (&A1 : 5000)7F 9.570A
E Z9EASE ulsy ulgiA PLL-g-PEGY]
AA FaEAZE 690000] ek

PL-6-PEG £5 33T A2& el oA
3T Yutd oz ojgly) e} FHAYE FEE)
A8l PEG 3]=FA & 1,1-carbonyldiimida-
zole, tosyl chloride, mesyl chloride ¥ tresyl chlo-
ride 502 B43A7]1 UMM B dpdME
MPEGE 99 AEERZ #4347 & poly-&
CBZ-lysine (PLZ)#] o}el7|sh BhAlfovt 2| g=
£ 5-15% 3 9% gtk LA polylysinewt
€3z 22 poly-e-CBZ-lysinewt-gol] glolA o]
A W APRE B ofE FAE oflsld
CBZ (carbobenzoxy ; benzyloxycarbonyl ; Z)7]7}
AjkE o] glojA] AAle] 2484, ALsA, YAl
2 DMF&afjdlxe] 7218 sl 729 e-helix Za
ez FrgEez A4 war PLZe) 5
T EA4WE o]A ¥gsy] Y MPEGHH
o A8 A SRE osiM g s olof &
. & d7dMe JAAAol olF ZF SCM-
MPEGE& #43led PL-p-PEG EE A& §
A=t ARt

Fig. 2& CM-MPEG¢} SCM-MPEGe] 'H
NMR =¥ E3& vebd Zo|th. MPEG & 3.64
ppmollAl ABHA EAu= (CH,CH,0)71 vieht
2™, 4.16 ppmol|A42] CH,COOH ==, 2.86 ppm
dlMe] COCHLCH,CO wmze] EAlzRE zhzt
CM-MPEG # SCM-MPEG7} 7 $A4=HALS &
9% 4 A} Fig. 3& PLZ-PEG#} PL-PEGS]
'H NMR 28 Ed& Uehd Aot} olRly|& B3
st CBZ7]dl 9J8iA 71918k 5.07 ppmoll A2
COO-CH, 9 7.28ppmellAde] phenyl’]| 2 2E
MPEGe| PLZ7} & ZA#=EU2¢ Aoy o
% phenyl7|& AYUTE Aisted AMEsigoh
PL-PEGY 7% HBr/xz4 g&do2 asid
phenyl7|7} €3] Al&tA& Aoz Ho} CBZ7)7}
100% 24 e & F Atk

Table 12 #4338 MPEGY A@=& vehd
Aoz 'H NMR, d34 9 UV 9sjx g7 &
A3t B we XPxe zlole a8 =
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Figure 2. 'H NMR spectra of (a) CM-MPEG and (b)
SCM-MPEG.
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Figure 3. 'H NMR spectra of (a) PLZ-PEG and (b)
PL-5PEG.

| At MPEGe| #xtgo] #e FeHu= &
A4t AdFoz NBEIl g U] FEREo|
500021 CM-MPEG®] 7$- #4849 BAlglel &
£ AR{= (DS :115-117%)8 BIJUT}h Veronese
SX'° CM-MPEG (#2}3} : 5000) & #AF 49
oz 4T F Fl2BMVE AP 23RS E

2l A227 A6% 19983 114

Table 1. Degree of Subetitution (DS, %) of
Activated MPEGs

CM-MPEG SCM-MPEG
MPEG MW 5 \MR titration THNMR UV
5000 7 15 %0 93
2000 103 100 85 90

Table 2. Graft Yield of PL-5-PEG Block Copoly-
mers

a SCM-MPEG PLZ Graft
sample

MW MW _yield® (%)
PL4.7K-5-PEG5K 5K 8.4K 70
PL1.2K-6-PEGSK 5K 2.0K 98
PLA.7K-6-PEG2K 2K 84K 75
PL1.2K-4-PEG2K 2K 2.0K 55

@ After deprotection with HBr/acetic acid.
¢ Grafting of SCM-MPEG to PLZ.

7 AF|Es} 110-115% P& BasiQoh olg} o)
MPEGS| Bxgo] Aoz & Z$ 100%°l4
o] NP=E el ey ol LEAFATE Exl
o] Q3R g1 EFH THEME 7] Bz A}
g¥h

Table 2= PL-b-PEG % Z3¥N9 aslze
£¢ Uehd Aoe H&3 'H NMRe] AxjzRg
Ztzt A3t} AR ¥71% PLe) 2= CBZ
717} @43 guEd Fo EAEE Jehia Qo
AHE-3 PL3} PEGS] #3133 @Algle] astzEeS
£ 55-98% 2 2 Alo|& Byt o|gA azlzZES
o] A¥ti o= o]y} ln W& A& SCM-MPEG
9] F& WA= E3sln A3 SCM-MPEG
9] x@=7} o 90%oli EF CBZ/|Z2 B3R
PLZ¢) ¥tg-A4o] ¥7] djE o2 .

AMSFOME HA U Spreading. Fig. 4= PBS
control ¥ PLL-g-PEG & 334 A3z
spreading® Alfrobd X9 AlFg yehd Aol
PLL-g-PEG& X 2|3}x] %<& control& AMfoldx
©] 4% 9 spreadinge] ®e] ¥ W FEFHAE
AT AL HEAe o HUAT MHRoMES} A
9] spreading®# @1 Y 2U4e ad= &8
gt ol3¥ Mo R spreading® & Ztz
ooz Aol FAIXNe|d Ho| Table 30|t}
A PEGY 739 7] AXujF§ dishe] PEG7)
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Figure 4. Photographs of adhesion and spreading of
HEFs onto surfaces:(a) PBS control and (b) PLL-g
PEG treatment.

Fito] F gEM AHez Mol
spreadinge] %ol =He ZAE Jepidch. £
PLLZ AxA#L o|=AA=x =HJoY spreading
BFF MEgol wet o) E BAY. F, 2] FF
® M ¥47F 20009 = spreadingo] H]wA ¢
©1} 400009 o+ spreadingo] control®} W53}
Al gol e Aoz Kol MEujokE dishe] F3=
PLL9 %2} orientation®] 4Jf-opH| ¥ 9] spread-
ingdl ZA BAshs Aoz HAEL FH AgH
Axe] 27] BEe BAIle] B7HA controlE X
gajA 471x1e] PL-4-PEG B35 ZFFHEA= ot
A E9] spreading& WAFA = Rt o} PLL-g
PEG azl=ZE F3A = 23" PEGe vj¥da &
A 2L FEAd o)A Adfol e spreadingg A
o] &d3] gelFrt. oY AT RE ITZE
FEWA7E BE FFINEY o] AEY 2y H
g FolF § UL Ao JFdrh

HET &%l Table 4= ZZe] Algd] g Y
T €483 AAE Yebd Aot} o3 oW

1004

Table 3. Fibroblast Spreading (%, mean+8.D.)

conc. of cells seeded (cells/cm?)

sample 2000 40000
PBS 505+ 184 59.0+5.66
MPEGSK 338+269  625+0.71
PLL21K 5754722  41.0+141
PL1.2K-5PEG5K 10.6+8.83 36.7+2.12
PLL21K-gPEG5K 0.0+0.0 15+0.71

Table 4. Hemagglutination of RBC by Wheat
Germ Agglutinin (WGA)

minimum conc. of WGA for
sample

hemagglutination (zg/mL)
PBRS 12.5
MPEGS5K <25
PLL21K <25
MPEG5K+PLL21K <25
PL1.2K-6-PEG5K 125
PL4.7K-5-PEG5K 125
PLL21K-gPEGSK >125

Ao HAEHS Lolrr] 3 d¥ew, WA
Y7 A& 4 control& F&AIZ] ThE @A
WGA dgd 9J3ir 837} o= Mz H3F}
HEXE Hago sz Fr1g £ vk dudgoes
SigmadlA Hug Ao osld 2% AYTE &
HAPIEH Bad Hase] WGA FEE 20 o]
32 go] gt 2 dF7oME PLL-gPEGE A
9% BE A|RdA WGAS HE7} 12.5 (o] 3l
Az HET9 3o FEAFHAUY. 28y} PLL-g
PEG nglZe 22¥ME I 5571 o 6419 125
o) gg AL s AT 3o doun &
& ALY & A ol F WAL A& HaoM
Eo) HAASH ¥ Xk Aoz afzEe FHY
A7t AT 2F0) Aae BYE S & Yok
PL-PEG SS8lxe|l HEAHE. Fig. 59 o]
biosurfactants®} 22 BE FZ2 A7} S0l =
Ho| FEsA FEUA) Pol ey FEL oY
o els) ZFo] F BolE W) vlo] &y REe
FgAololN zAz} wido s WAY 4 A
olFA Az FHA AEY 23 o] HZsA Fig.
5ol A} go] nle]2Ado] whibztgol oA HAe
BT F A& Aoz 44€). weta PLL-g
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+
Copolymer l Tissue

Cell-treated tissue
interactions

Figure 5. Highly non-adhesive barrier formed by
treating copolymer with dual character onto biological
substrates.

PEG Z3ZE 33 AAHE A F&3] Al
U 2Fo] Mg golFE AUA L ¥ 5 A
& Aoz sigYd. a8y PL-»PEG B8 23
Ao ¢ Axe HEg AdE & jided 2
o]+ PEGY g3urhs YolA PLe| d¥ol
g =4 R8s Ao BeY. F, BE 3=
agtze FEA v JuHez PLo &2
2 (1.2K 2 4.7K)0o] 37| wj 2o A ¥ L A z3
o] B4 o gHe] YR EFYsa E3 Fol&A4
A7t ERHez dA HA QoA o|2AEE
Z 3 F U] dEozE AR

X2 Elbert! ¢)8)3 PL-b-PEG 82 3%
Aol #ZEAHLS w7l S8 PEG-(lysine
dendron)o|@ wi=zn|& HElz FA7|Z E]
PLL-gPEG$} 2 43¢ vasigdrh. d=gne
PEG (A3 : 5K, 20K, 100K) shte] wdgdd) ly-
sineg Hi S5TAIZIA] AFAA L ofwir)st 32
A7t A s o] W=znje A Eef g8 petr
dishe] 9% A3} AfoM L] spreading WA
HA e gld g IHG FEE AfolEe
spreading& A3 & 471 ¢lith o] PEG-PL

Fele A22d A6s 1998d 114

Wegols £4 PL-5PEG £& 2389 uld
71X 2 PLe] Exlo] &7] fj&d A|7]5& HslA
2% Aoz Alg®rl. AAZ Elbert S+ ojqly)
7} ¢ 100709] PLL-gPEG9] #A<$ 983 {FI38
Aol Afobl 9] spreadingd 30%F=7F =t
o oRl7]7} <F 180078¢) 73§ 73] spreading
£ XY Bidky Qo

ety FE A7 DA R ZAE37] A E o
LAz AR} PL 28 Pol24 Fiol ¥
238 PL-b-PEG 88 35¥AM= PL 9 PEG9
A o vl wet 1 71Fel 2A dE ¢
ALE AL Qi) o)l FH3] AMA BAF
o] ©j 2 PL& AMg-3ld AB¥e9] PL-4-PEG &
£ FFEAE ¥4sAY ABA¥HS PEG-b-
PL-p-PEG EZIEE FZEHE {3l 43
o Geolrt.

2 £

Biosurfactants9} & EREAHAZ AM-37] 9
#HA PLL-gPEG 23l E FE3A9} PL-4»PEG
EE 3o YBEAE 2 AAAFY ADA
g 474 A48k PLL-gPEG 33 € AH
oM E 2 AHYpo] Halg 4] HAFey PL-
b-PEG F23e Ae Hg gholdzx RIYdh
o3 T FEEAM FIdx] an= AgE PEGS
gz B4 Al f844d 71 &8 PL-b-
PEG 3Z8A 9 39 AHS-¥ PLO| Bajgko] |7
ztola Hahdx] AEe X3 Aoz A4dn.

mziy FEEA T AGA 2 FE3] diAE &
o] A ¥ 233 o] AT F Y& o=AE 1
Bx1ge] ol HEo] oy rjEe] PEGY
A% lysine/PEG ¥j&= 8% AA7t €
Atk ANz 0] 2AHE YA 3h=o oM F
Z¥A 9 r1eEd Tz B A -2 A5z
48 A e oA BE FEEAELGE a2
E FEEA7 9 uigEE 2oz Alndn.

o) Am=HE PL-PEG FFHA< 2L o
B FZ9 o)A -vojgA FEFUME A=
H AN AP biosurfactants B9 ol} 9z}
L 2L vHE AGA R o]fo] sl Ao
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