Theories and Applications of Chem. Eng, 1996, Vol. 2, No. 1 229

SRR A Ao o Gl FARe] vyt So) @ Ay

AL 53h, 49AE), 2E2A)
A st shote st

A Study on the Mechanism of Protein Separation by
Polyelectrolyte Precipitation

Woon-Soo Kim, Woo-Sik Kim and Yong-Wook Kim
Dept. of Chem. Eng., Kyung Hee University

ﬁ;

TRz A 2743 (polyelectrolyte precipitation) > T S oA Tl
3 gide) H}E He ni-AANAL AHriste] dullA uEAHEE Alo]e]
A3} F38}(charge neutralization)$} T E 2} 7} (polymer bridging)s 2l w7}
Fale] guldg B43AA et Heldte dEAQ wd Belyolrh(l)

ol2| g gl AAIHLE Gdulae] usx B 2 FHo] Jhedtu 3 B
2l gl ol wiAd" yhsdo] A1 gl A9 g'oa FAE + JAvde dF e
2 AE, gofRopiA nE FHRbgo 2 HITE ®ol ol&EHT Uth(2]

duldel Ter Hild olfxHe mEA HIA: dwAdel EAo uel
polyethylene imine, chitosan-g 2] polycation®} polyacrylic acid, carboxymethylcellulose,
polymethacrylic acids ¢} polyanionf-2] ¥ 2} S 2lo] A&z oz o] 8 Hr} (3]

E A7 A Y dF FgRE JUAe HEA] SHAEA(BEH
%, bacteriolytic enzyme)?l z}o}Az}¢)(lysozyme)e] EelE 22 o] Bx13e
polyacrylic acidE 18z} Asjzalz H7psted 93lE4] wh-grlo) A polyelectrolyte
precipitation-2 A A} &gt} c]ul polyacrylic acid®] ¥ A}, polyacrylic acid®} gho]
A1) o] o], FHE]F(power input)5o] ojhzte AAHEH FeldE Tl o
particle size distribution, mean particle sizeoll Dlx|& HaE HES ] TEA A3
Z o] polyelectrolyte precipitation®] mechapismol] vl FFE LolR 12

=)

o &

WEAHQ Ay F2olx=l Tl Yzt £§d Foa] duld Foof 2
o]gle o}k 7|( NH; )9} 72 EA71( COO )2 side chaine] o] 23to] 2ola] A
315 A "ok Fig. 194 B vie} o] chizlg ‘4"“%‘44 FAA3HEL7E 0
¢l S A H(isoelectric point, pD2 7|F 2 2 piEt ¥ pHolAl&= + A3}, plEth



230 3hzhyEte) ol &

olo

4 A 2% A 15 1996

E& pHollM= - A3ts HA sled, glde FAYe At u i3 g
< vt g9 Ao] pHel weld HaE FHe= 4AL o]83ty i &
M Gofulel Dl widie] HEE HiE nEX AL Hriste] Puiz
o R AHAES WAA guAdg Heshs Ao mEA M)A ZAsh
(polyelectrolyte precipitation)o] t}.[4,5]

Fig.1. The change of the the net charge of protein with pH

BdFAAM B4HL T3 sle dolaxde I SHHo] pH 105112 gy
A TdHe] ZLLeA AL o83l vl folo] pHE AHdog 319
9] Kol A polyacrylic acide} 2 polyanion polyelectrolyteS H7}8}H A 52 s

.

£

AEAANE ZASY wWE vwiAy nEz HsjAute wgoz olF
Sl ate] AAJeFI & T A Perikinetic aggregation( Formation of protein
- polyelectrolyte complexes), Crthokinetic aggregation (Formation of flocs)® F7}7]
2 U= F Uth[l, 5

dulZ golo TREA}AHA-E FrEeH 27 AAGA A SulA R}
A3l AApolel A 718 (electrostatic forces), 44 2 FH(hydrogen bondings), 442412
(hydrophobic bondings) 2 Brownian diffusionoll 23} particle size 0.1-1 zm]
insoluble protein-polyelectrolyte complex& ¥A}sl=d] o]2]g 33 & Perikinetic
aggregation = formation of protein-polyelectrolyte complexes©® 2 F2 11, o]&
A complexE primary particleo]2t 3}% Smoluchowski o]Z4d)] wa} 2a} uh3-
Aoz Upd 4+ Aty &HA Uk

sl d AR5yt AP wal primary particlee 3AtH o= YAE FE
o} gt convective transporto]l 2} 1xmolAte] floc =& aggregateE A A3A ==
dl, ol213 #A & Orthokinetic aggregation £+ formation of flocsolg} o} Floc
formation© Al A floc size, floc strengths 3 22 precipitate EAjo] AR 1 v
obrt @A 34 2 A Fo & FFE o|Zch

a3

2 ATl A= working volume(Vr)o] 740miQl pyrex -f-al& b Az w3l &
2] 1L-4-baffle-Rushton type standard reactor®} =@~ 2"z ¥ six-bladed



Theories and Applications of Chem. Eng, 1996, Vol. 2, No. 1 231

disk turbine impeller§ A}8-3ted wyRb-E AAjsie] Gy ZAAsE AABAS
duld ZAA ko] o] 83 gojhztd §-dF polyacrylic acidg-H2 HF ‘g—u.“i
sodiun acietate buffer sol. & A}8-3}o] Alzsgz, gFoliAxd A 001wt 2
A Z8 F, 045,m membrane filter2 3}l BAHUo) XHFIE THEL ¢
A3l AASD T, polyacrylic acid8-He oabalx] ¢fv YFHIE 53}y t“i‘l;l
W2 Fel3tdth. £ flow flocruations HAstn dFFe] FFol %—*L;l;i
M 9] by-pass lineZ A2 stQc}. s
Polyacrylic acid7} 2}o]4-x}9 2] polyelectrolyte precipiation mechanismol n]xl=
g GolR 7] 93l particle size analyzer(Mastersizer/E, Marvemnfil) S O]—g—é}'»oq
mean particle size, particle size distributiong- 3391, g FTZEF, gdolaxY
AAEL ParyFo]l AL WYL -$83td Lysozymedst ML cell (MiCTOCOC:S
lysodekitus cel)3}o] B-3jy-g-o) A 27] £ &) Wl S ML celle] W34
52 HAIAA Aol Foliad e 2wk &£x 2 R T3 T

UEE

Polyacrylic acid®] Ex}go] wulzl A3 AADle| njxls P& o}y )
Asto] BAlo] Zhzt 2,000, 450,000, 4,000,0002] PAA(polyacrylic acid)E ]85}
o] PAA:Lysozyme=1:5, o] €% [=0.07M, &&= Q=10ml/min, pH=59 Zzioj
A 1087 guld AFEE AAsgo. olg ¥Rl wRkETE 100 -
1,000rpm-& fA1 820, ojof @& 2z} ZoA Lo}zl mean particle size} 2t
ol4ztq] A AHE&-L Fig 29} 33 i

Fig. 2014 Hiujel ol Ral®l alo] Azl e mean particle sizet: PAAS] X
Aol 40000002 Afols WMAET Z7Hgel mebd Solke BATUF

140

120

A Mw of PAA = 4,000,000 A
100 ~ O  Mw of PAA = 450,000
O Mwof PAA =2.000
8C !
60 - l
40
-
——C

00 0.4 08 12 16

Volume mean particle size(xm)

Power input (mM¥/s?)

Figy.The change of Daricle size with power input at vanous Mw of PAA
1120 O7M. PAA Lysozyme=15 pH=5 Q=10mi/min )



232

sharpare) oj23 48 A 23 Al 15 1996

of datAew F7tshs AYE AT, PAAS Eao] 45000091 Aoz @
P47} 300rpm7t A= mean particle size7} 2718t} 71 olAbol M MAlE A
e UEhd Y, 500rpm o] dloll = PAAS] B abako] 4,000,00090 AS-xTh Q3
mean particle size7} SA UERTH PAAS) Fxbgfo] 200002 wi$- = Ao
= THSRU #AYel Ao YAsA Jeldon AFHoz JFH e
mean particle sizeS e}t

T3 2loliziele] A AZo] QoA E Fig. 304 & 2= glEo] ANFHo = %
HEQ o BAglo]l PAAS ko) HdF o2 ZrlaleE o3 Yelgth

ojx 8 PAAY FatFo] T Aol €A wakrELolibol A particle size7t #
A AAEe] $43A Jevs A4S PAAFA ] o glo)Aziela)
PAAA}o] 9] charge neutralization® 2 3 A E particleo] PAAZ}S) polymer bridging &
H7b A A Jdehn, nRzke) J7lo 2 dle] Hrh we hula 9izis
AA™Y 4 AN, particle breakage§3F-2 Pukr] wFof sizert HAA H7] QE o
2 Alg o

100 -l———o———o—————o———-*g_—————-—.
n n . Lo
—~ 90
g\i A A A A
3 A
4 ;
% 804
>
Q
£
2
g 70 Mw of PAA H
!
a ®  4.000.000
S’; B 450,000
2 g0 4 A 2000
i
50 ‘
3 290 400 800 800 1000

mm

Fig3Lysozyme removail ratic with Mw of PAA
{ PAA:Lysozyme=1:5, |=0.07M, Q=10mi/min. pH=5 )

HA2H

1. J. F. Kennedy & J. M. S. Cabral : “"Recovery Processes for Biological
Materials”, John Wiley & Souns, New York, 1993

. K. M. Clark & C. E. Glaz : Chem. Engng Sci,, 47(1), 215(1992)

. M. Q. Niederauer, 1. Suominen, M. A. Rougvie, C. F. Ford & C. E. Charles :
Biotechnol. Prog., 10(3), 237(1994)

tJ

w

4. P. A, Belter, E. L. Cussler & W.-S8. Hu : “Bioseparations”, John Wiley & Sons,

New York, 1988

5. Wen Chen & John C. Berg : Chem. Engng Sci., 48(10), 1775(1993)



