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E# : Poly-L-leucine [#9] FAM: L SHMEES M. L-leucine NCAS =k
olwlgl triethylamine & BRA#IE WAl #gE rhol A 30°CR $5—% HEA SIS Poly-L-leuc-
ine (PLL)& d%ivh. PLL o WlABKS KHHE Lol Wgste] PLL IS I3t BN
TERER Water flux = BEEQ B o] B3l wiel #inslgcl. hydraulic permeability
kw% Arrhenius plot le] = 7] &7 2388 EH(bo A Zto] 6. 64Kcal/mole 9] & Fgiel},
BEBRES REST 277 #ings = #metgicl. =3 PLL S KEm Rl A Sl
¥ w BEEADREE 50~60°C 7} Fgton ETAE 10pm, BEEEELE 60~90°C 2 &
Bk o] mEoEERe 2 FFTE 9t

Abstract : Water permeation and solute separation through poly-L-leucine (PLL) mem-
brane were investigated. L-leucine N-carboxy anhydride was polymerized homogeneously at
30°C in benzene using triethylamine as an initiator. PLL membranes were prepared by di-
ssolving polymer in benzene, and drying of a thin Jayer of the above solution on a mercury
surface. From the measurement of the water permeability, water flux increased with incr-
easing temperature and applied pressure. The activation energy calculated from the slope
of Arrhenius plot of hydraulic permeability Kw was 6.64 kcal/mole. The solute rejection
increases with increase of the molecular size of the solute. When PLL membranes were
prepared a mercury surface, it was found that the membrane performance was improved
in following conditions : solvent evaporation temperature 50-60°C, membrane thickness,

10#m : annealing temperature 60-90°C.
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Poly-L-Leucine 9] &K=} &:@:

I.# &

19604E4%, %) Loeb &} Sourirajan'el] {&3] reverse
osmosis 18] cellulose acetate fEo] BEEE= Ll
K oEEEel B3 Fgest EEs #Osz 3
t}. Reverse osmosis process o} A= 20~100kg/
cm? o] HETAA e @I EFFHRES
5751 = v, ultrafiltration ¥+ hemodialysis pro-
cess o} A = 10kg/cm? LATFS] {EEEolA  HER
ST RS & BHEE SMslE Ao o5 ER
Bho] ot ,

Reverse osmosis o] 4 = cellulose acetate &>,
7] €} cellulose F5iEBa5~6, &K polyamidez’%,
fo| AA T¥moz ol A w3 ol
A3 Woest weo] el ghsl  ultrafiltration
3} hemodialysis ¢} o 2% cuprophan f&° o]
g Aoz ¢3A gtk 2 HeE poly-
(vinyl alcohol)el #EZ LE&HE ZEAA
pElo, @kdel PHEMA Y, PEG 2, Nylon
AN 9 BoOTEMEREPS] SREL R wE
5|z 9ioh, 281} polypeptide & BHEZ
& B oA gol #EE] AA gk

Klein %149] hydrogel #8¢] poly-r-methyl-L-
glutamate o] #3F &, ¥2&, CO, 7= Kpg
EiEMES] #5, poly-r-benzyl-L-glutamete 5
1570 #3E CO,, Og Np %9 R B IS
HiEol o go] I3 BHze, poly-L-methionine
et 2 AsHEe] H3 %0 £A4E K
g #E %ol Uk

=3 B EREE st TEmozt
Bkz $H TERAAKYT AXkE S F3EH
KIRAKEAATH, BKER BRRITYE =3T

¥ Folx FIRE 2 glow Aoz FFS}

71 918 W i

i, BEAEMBEE B TFHE A= G
ol FiAE= Aot BHA AR S5 THes %
Ho & fAst At A HE7 =HE
ol t}2 5/ AN BATEANAN BT +
= A0t AFueES #FaAd Aez 7
g5 &= 25 A= AT A Ao} 1} hemodialysis
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Al ARkl & Aoz A4d.

& Brgeel A& polypeptide el A = g7 o]
£ 294 Z2A ot Bk dAEE ZE
L-lencine & Phosgene 0 2 L-leucine NCA
5 Aste ol A g BEAAA I poly-L-leu-
cine ¢] benzene H¥WS KEBE Lol A HEste
o el #E B HBtk, STEC 4dE £E
KEBHEBE W3t SHER § ZARES &
etz obgel BMEKEH4E FEIGh

I. R®XE

2—1L B’ %

L-leucine : A4 B{L22ZE Rkt B
a3 & BommEste] AAMRE RETTAA 6
BefEst o BB HASE

WIH : AFDEMZE TRt R (—RR
) S BB T2 Ax NaOH KFEHo2
gt o-& oA E2 A A CaClell 98 A
234 & AR FEIEFLR 97 3747
3 OEERES 80~81°C ¢ BAHE WId &
EwEs sk

HEZIS|I=2F2t : AAMBLEHR Gt
(—ER%) & Hikd &3 FEIEFoE WA
M SFAA RAR % HEEESI S
o},

n-8jAt: THA AGE F5vEFoz 4
Zb B3 o5 BEeld ERsA

Ol EAMIE : THEH A4g KCOz 2 Fu
kgisty CaH,2 FRsEste #Astg .

Lysozyme : & Ezai 8@ #Re adiz
A3k o

EaofEa 22[2 400, 1540 : B AFEMZE
TEHIREG MK (FHGTE &% 400,1540) &
a2 A

2—2 NCA 2| &Rk

A HEel M3k L-leucine NCA = phosgene
EIrNo 7 ARttt KERE o83 2o
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SHR - FAE

H,NCH—COOH

|
CH,CH(CH,),
L-leucine TCF

+Cl,COCOCl—>

CH, 0
| /7
2 CH;CHCH,CH—C~
I )0
NH—C

AN
0

L-leucine NCA

+4HCl

Tetrahydrofuran (THF) 350ml 9} Z2~4 —&
#42) trichloromethylchloroformate (TCF) 2 o}n]
xRS BEIZ erlenmeyer flask o] ¥z 40~
45°C ol Al 1RsR7 e BN % sk %
B3t L-leucine 10g & # A3 © 30458 K
EAA 4 F5EE e KERRY #3499
FE&2AL Azrteg BRES %, METAA B
BEEste d2 Ml NCA & n-3| 4oz JAAH
~20°C ol Al —7 ¥+X] 8= L-leucine NCA %5
o] AT n-AAL Aoz wEz o
e ERAGEESY oMEAdEz oA #RE
Bt ERez ETES AAR F o
A B oz FAAZRL 2L Hkoez K
& #H3ld 443 L-leucine NCA & &3}
an

2—3. EAMAW

e L-leucine NCA #5:9 » 1A% B
Stz TR LIRS EeE AmEste H—%
B WA Bl A =xotulel E]dgo}
WA ((CHp)sN) & BEtAHIZ @AY B—%=
30°Col 4 3 B EAAA poly-L-leucine & ¢
At Komoto %] fiERo 23E R 7T
ST 82 32,800 ol floh, AR WS trifluoro-
acetic acid (TFA)o| v},

[71=0.68x1072 Mn*%(cm®/g) [TFA, 25°C]

2—4. ®

Poly-L-leucine ¢] R # == dichloroacetic
acid \} trifluoroacetic acid 20} ¢l o\t o] Hfi
2 BEERC =2la sHA o] HlMr] ) E
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Aol Aut WAL fEAHsIE

@4 poly-L-leucine & 0.3% WA E#KS 70
°CZ stz KeEE Lol HiEsted poly-L-
leucine RS A glom Bgmoz 80°CelA 1
A BxEgidd d2 B A= K 10pm
o] k.

2—5. Conformation 2| 52

Poly-L-leucine 9] conformation & #3%3}7]
A3t &S 9HE°l IR spectrum & HIE 3
o}, flsEe] {38t Infrared spectrophotometer
X Perkin Elmer 221 o]t}

Fig. 1|4 2 ule} zko] 1,655cm™'e] amide
I band & Vel KEEEST 159
stretching vibration, 1,543cm™ o] amide 1 ba-
nd & %= NH bending vibration, amide 1l
band & Vel & 1,312em™ 9] i, 620cm™!
o] amide V band & 5&sA vtelilz Qlvh, =
24 random coil & #R3E 650cm™! o] Wik
2 g HEE FRshE T10em™ 9 Bike A
BolA &= Aoz Hol do]A poly-L-leucine
ol a-helix iR =lo] A& WAL F 3
ik

2—6. ZBARR

HAREEE & batch X FHREES BIEstY
R A T FREES] HE-S stainless steel
ol R 350ml, HRBEERES 12. 6cm? o]
t}. Fig.20]4 Hi ube} o] FRKEE T
oz Hoiglet, BBl fid Ee o FA A
ololl A #4538 HtEAR F AE LI LA &
el B& E& AA%Nz 48442 2 3 K
el 2z gA 932 Fe & gmsty
ok, FHETHRY Aol 120mesh & stainless steel
2 =l porous plate & ¥HHBEZ F3 290 o
FAE F2F BEE o ZESIE magn-
etic bar 7} EoF FEEFE FA LS § o},
5 #2 teflon O-ring & FHste F-5 4
Astz K BHKE AN Bt FSsA stg
. Fig.32 &@ HR KEY Agzeld &
BEBREE 24 EHEY +£0.1°CE FAGST L& =
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Figure. 1. Infrared spectrum of poly-L-leucine film.
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Figure 2. Permeation cell.
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SER - XK

Permeation
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Figure 3. Diagram of batch-type permeation cell.
350cm3
Effective membrane area; 12. 6cm?

Total volume;

ol AAAA BE #EE At mEL EH
7y2% EASEh, Water flux J, & &KX}
o] e FHM FHRAKE Hekstd  pEstd
th JIEREE 24°Col A 48°C, EBHE 1414
4 atm o] WA FEREG

T (BREmE) (cm?) X (B AR ) (sec)

2—7 KBFHRE SRR

KB EzAE FTFEC] ®mnste HFEZ
NaCl, Urea, Dextrose, PEG 400, PEG 1, 540,
Lysozyme & (A3t BHAEEKS BES
lysozyme & 0.5%, 29+ 1% &9l &
KERES MY #ES FIASY fluxst &
Wik =3l S w9 FRKS Rt &
EE NEsET. BEE w8 e EEgn
s FlES BHARWT FRKe Bigd
HE5E Rt BHFWNES BA Erma X
B aite] K% abbe refractometer &

3t o},
BEHBBRER) S gRez FHEsidd,
R= C‘—E:Ci'—xmo (%)
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AAA C, 8 C/ & &% BHRE HRw]
Wil o, BHARS RIS SRR B
A skt

I, &#R A ER
3—1. FEkik

Poly-L-leucine & #@3l= 9 flux J,
(mole/cm?-sec) &} EES), dp (atm)o}e] RARE
% B Hatd Fig.4ol FRstoich. water
flux = BH7 BE Hplste] #instg ot

)

L8 °C

-1

L0 °C

—
T

Jw 106 [ mole cmz se
N
[9%)
wn
<

4P latm)

Figure 4. Water flux vs. applied pressure at different
temperatures through PLL membrane. Thic-
kness, 10pm.

Spiegler®29} Kedem?2#%o| {3}l EEJ37)
Ap/ Az 9] hydraulic water flux J, = o8&
RoZ Fndot,

Jom— S0 CaVa . 4p

Juwm dx
A7 A St BESH BEAtel ] EO  SELGRE
(mole/mole)o] v}, o 2= o] KFE H
(RS £ BESE)S 2A Ak, & Bigol
A He BREY =2 Ee B EREd
WE whE-ete JlES s 1 FES ARSE
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Poly-L-Leucine 2] &5t %8B

2 Fndtgeh, K #HEelA & 3%t H=0.072
= BEA 2 A EZe (.69, cellulose diacetate &
9 0.17¢1 FtEcr A -2 gpoleh, oA F
= &gz 212 poly-L-leucine 9] fllgHel Sl+=
isobutyl #5¢] Bkikel BRI Aoz 7t5H
o Co & AT B AY &9 EZEE
Ve 59 E2EH, fon < 3 ALY &
DEZMAME Vebith =3 dp = BIEEED,
dz = BEFAE #FRd

234 o] A ¢ Bel AT Biwe] 53 &
olmg Cp V=10 ®r} ulebs

—_‘S'l, . AP_ fond . AP
Jom 2 e =K, 2
o714 K, hydraulic permeability o]},
3y X 2= water content 7} Fx o]t

bulk flow &= o]yt oF-& ==l FHEA =},
Hydraulic permeability, K, %] EE{&GFEHES
Bmitsly] 98k 22 #ASo Fig. 4 248 K,

Table I. Permeability Data for PLL Membrane

Kw X101 at 24°C 2.8
(mole/cm-sec-atm)

H, degree of hydration 0.072

E (kcal/mole) 6. 64

—
O
T

Kwx10 (mole/cm-sec.atm})
(82]
. — ’

E =6.64 kcal/mole

10

—_
T

1 1

31 32 33 34

-1 3, o

T 10 ({°K")
Figure 5. Temperature dependence of hydraulic perm-
eability Ky of water through PLL membr-

ane.
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8 k3t 2 Fol A 24°C<l =12] 748 Table
19 #EmegEch. Fig. 59 7ko] Arrhenius polt
g o RS Vel RE Eikbel v A,
6.64Kcal/mole & A 9ch, o] e Fol Hitks
< Y FEikfbldAZ o 4Keal/mole?r
o A Bl A ES zFo] #ikS viscous flow
= ohEe Ae ¢ F I

3—2. KBEMEEL FBE

FHE OKBEHBEA WS SEER HRE Ta-
ble el vebllch, #F 377 &8 NaCl e 4
HERptES o Y BEecd e HipEe v
bl Al gt Bl AA PR ®/imsts 7
F& 2y

poly-L-leucine o] a-helix B5EE 2y 9=
A2 IR spectrum ol k3] W= Aok =3 a-
helix 7} hexagonal 2 N4 9z a-helix &

Aol o) i} trans-Flo 7 Eef givhs 1A 8

Table II. Separation of Water Soluble Solute through
Poly-L-leucine Membrane

Solute MwW Rejecton (%)
NaCl 58.5 2
Urea 60. 06 6
Lenticse 180.16 26
PEG400 400 35
PEG 1540 1500 62. 5
Lysozyme 144004100 93

< o IS STETEES FHES g vty
lysozyme 9] S FEiEHCl # 1397 7} Hz
urea = 9 1/1081 743 ot HFEEHES B8
PEBRES & IbBeshH poly-L-leucine -3 @S &
9 FBE a-helix & Alo] 9 gl A o]
vl 2tz A=}, o] A poly-n-alkyl-L-glu-
tamate fioll #3F KR FRM S BE sl Q&
R} 7L fhigo| ),

ShE KBHEBREY WY SHEER #EE poly

-L-leucine & FifMdted —&EH5Fa7] LLES
BH #3le 5£a0 HRE e 4d e HdF
= o,
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SER - FAK

3—3. pf¢
3—3—1. BEEAH

BIEE o] gtk v X = #HRE Fig. 69
FEretgler, F B0l BWNEF§ water fluxs
skl uk PR Al LIl olol 90%7
%9 7& el ¢ir}d, Cellulose acetate -8 re-
verse osmosis process 2 EHHI A o= #{E
EEJjo] mEEel m2 fEo] HEF BHEE ol Fol
BRIEEES) ol whet BeEREse] @bslAat &
FiolA = BEBE 0] datm [ATFolo] A o)A =
9 BhoZE B At 2o BEHRET o
oug AY —Ed HRES vdehilE Ze=
b ek,

100

Rejection [ %}

60}

05+t

Jw «10% (mole - cmiZ. sec’)

0 1 2 3 A
4P {atm)

Figure 6. Effect of applied pressure on membrane

characteristics. Conditions of measuring me-

mbrane performance: 24°C, 10um. 0.5%
lysozyme solution.
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3—3—2. B¥RBEE

KEBEA ZE W BRE WIES ] ¢y 20~30
mmHg ol A BET = FHEABEREL BFtel
ul X = 2R E Fig. 7o vrehigich BEASR
Bt ERETE water flux &= sk BEBE
PRz A9 #{Lrt Ak, 60°C o] Aol Al = K
gimme] #48 ol Ml wiAlel FAS EE=R
As] 7125t AR B3 BEE A X3
orng FHREBS A XU Y AER
% W Aol A= poly-L-leucine & B3}~
18 KERE R A BIEE EEALD o K 50~
60°C ol A ZEEEA 713= Zlol B el F2 #4
L8 bt

80

Rejection {%]

40

15

_})

Iy 10%mote-cm sec
[+]

1 . I 1

1b 20 30 45 60
Temp {°C)

Figure 7. Effect of solvent evaporation temperature
on membrane characteristics. Conditions of
measurement of membrane
24°C, 10um. 1% PEG 1540.

performance :

Polymer (Korea) Vol.3, No.4, July 1979



Poly-L-Leucine [ &M &t

3—3—3. HMEEHR

Poly-L-leucine g —%& BES XholA %
1050 BpREESIGlE o BEEEEST Bkl
n} 2 = #hEE Fig 8o Hrstdch WE #E,
BURREESL LR ErE water flux = st
HeRA S WAk ok, 28 v & 50°C F-5-H
£ HolAd Bk ¥E Aoz xel 50°C o
Aol A 10470 BuRE st Zlo]l SEES <=
v H stz Az

—ay . 2 cellulose acetate 29 3% A= &
80°C ol Al #km3ll& | NaCl Bz 8
et water flux & BAetE 23 &S BolA =t
o] poly-L-leucine ol A= z9e R¥H F& v+
bl sz 9lek, o] AL cellulose acetate ol A =
ARE o] ByRETd ol &
°] ZotA|1t poly-L-leucine o] Al &= #4& g

2o \\&¥L
% 50} °
«
40 -
2
o
@
w
o™~
N=
(8]
o 2 r
Ko
€
o
=
=
1 o
20030 43 50 50 70 80 90
Temp. {°C)

Figure 8. Effect of annealing temperature on membr-
Conditins of measuring
24°C, 1% PEG

ane characteristics.
membrane performance:
1540, 3 atm.

w2 A3 A 4% 19799 74

o a-helix & Alo]] fsEMRRe] HolA Wy
e Hel Aoz FEEd)

3—3—4. HEEA

BEFA 7L BEbEfE] vl X &= RS Fig. 99 %
etk 24°C, 3atmelA 1% PEG 15408 &
¥ow st et SR BEEACT #/nd
G5 water flux = A BHRES AR o
2 @Endte —Hesel A4S 2o Fa gtk

90

~
o

Rejection (%)

(8]
(e}

=~

Y

Jw x106 (mole.cmZsec

—_

o
w»

0 10 20 30
Thickness {um)

Figure 9. Effect of membrane thickness on membrane

characteristics.  Conditions of measuring
membrane performance: 24°C, 1% PEG
1540, 3 atm.

V #% =&

bS] #RE e 2

1. Poly-L-leucine g &3 £9 #B: a-
helix & Aol 9] fIHHERA A Lol gow

2. Poly-L-leucine §i¢] hydraulic permeabi-
lity, K, 9 (Lol ix] ghozie Rl A
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LER

9 B 5Fo| 43 & viscous flow & o}
Y

3. KEEEES SRR BRETE o4
—EHTZ7) Pk BHA HIdEs mE
HRE s ReFa

4. Poly-L-leucine B£-& /K4R[H Lol A SIS
W zHAoRE

1) BREHRBEES 50~60°C

2) BE5FA 10gm

3) BREEES 60~90°C

24 BIEES= Aol ultrafiltration fio 2 (FH
shed Eadhebz £,

ol

ol g & ¥
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