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Lysozyme Precipitation with Polyacrylic Acid in Semi-batch Reactor
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Abstract — Experimental investigation on the effects of operational conditions, such as agitation intensity, agitation time and
PAA dosage, on the precipitation of lysozyme and PAA(polyacrylic acid) with several molecular weights in Rushton type stand-
ard semi-batch reactor was carried out. When PAA with a molecular weight of 4,000,000 was used as a precipitant, the larger
particle size of lysozyme precipitate as well as the higher recovery ratio of lysozyme were obtained than when PAA with a
molecular weight of 450,000 and 2,000 were used. The agitation intensity in the reactor influenced the particle size of the pre
cipitate, except for in PAA with a molecular weight of 2,000, but had no influence on the recovery ratio of lysozyme regardless
of the molecular weight of PAA. The morphology of lysozyme precipitate was amorphous, the morphology change was not

observed with change of the molecular weight of PAA.
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Table 1. Mixing parameters in Rushton type standard reactor
rpm[sec?] Ngrd-] N[ P W] g[m?/s’] Vls™ Aum] TJN/m?|
100 1,650 5 0.000911 0.00123 334 1814 0.037
300 4,950 6 0.0294 0.0397 190.0 76.1 0.209
500 8,250 6 0.136 0.184 351.6 51.9 0.387
750 12,375 6 0.45% 0.62 646.0 38.3 0.710
1,000 16,500 6 1.G3 1.47 1,156.0 30.8 1.272
1,200 19,800 6 188 254 1,519.6 26.9 1.672
1,500 24,750 6 3.67 4.9€ 21235 22.8 2.336
Frouder, ¥+-3-712] shape fact®l 93 FA=o] F&4= Reynolds “=) (Caframo Ltd., BDC 1850) “4&-ate] AL&3lict.

o] AHAA A dojxint.
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input, €)= 712D E AMEStY RS, o] HEEHFYFTS
Hhof o] gollo] fEEHe R =
age 7 Al ke 2 W7o F9lE
W PG EFEgEe] 4= wEe] wytel] o5 54A A= A
& (shear rate, Y, eddy =L71(eddy size,A), % &
shear stresst) 5% HHsHFUFZ GA T3l

B Ao A+8¥ Rushton typeEsuhg7]olq wukx7| S A @3}
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so] Qo] Reynolds™, $8%, FLFHLH Y, FEL A, 1
UEE, eddy =], BEAUSES aotskd Table ¥ 2tk oln)
[

Sgalo]l Wn Ar 9 wyHk7)e] B

m-s¥ 0.033nE 71FC= 31%ITH15].
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Lysozyme ZAuH-g-o ARS-E lysozymel PAA 42 pH 5.2, 3M
sodium acetate buffer solution(SIGMA, ACS gradé)S 33 ZH4
2 007 WA 34A71 sjajdle)] ExlEF 143,000 lysozyme(SIGMA,
ACS grade)t PAA(Aldrich, ACS grade¥ ¥AEEE &3A1A ZA)
319t oldl lysozyme-&-HS Al HAxL)NA lysozyme] S L
Hate] mdgolg ARSIt

HA] | lysozyme-&4-S 0.01 wi%(6.9910mol)= LA kAl ZA)|
395, AN el 71E8=717F 0.45uml membrane filter(Gel-
man science, SUPOR-458)%3}314] lysozyme-&uo] 73k
I Eo] Nk JEAL PIXA] KIEF 8] AAA 2
21322 PAA £91& ExaFo] 4,000,000, 450,000, 2,0004 7=
ARSI OH | PAA 899 FEE wHS7|UolA lysozymete] ke
H|Z 8l 5+107~2.0:10°wWit%(1.2510°~1.0:10*moll)& =4
3l3Ath. PAA 8942 HER ofFabx] oL Fxnkgoel ARE-SISITH13].
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foo] o] FuHE F, vHg7IHolA lysozyme} PAAS] 5%} 1
o] lysozyme} PAAS] | (P=g PAA/g lysozyme¥ 717+ 715
° 2 st

kS-712 AME-3 Rushton type¥Fih37|s whs-&
working volume] 740 mit S=5 pyrextrel = AHA A=t
WHEA] gollo] AgEo] NS WUAEIAL WHE 3
3] 918t ofmdE H )9 baffleS ¥H7] U] A
. 283 WHP|EE six-bladed disk turbine impelfgr 2~
02 AZsien, 7 xS wlizEgA X skl wyk

1:‘,011_?1’,0
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Fig. 1. Schematic diagram of semi-batch experimental apparatus.
1. Six-bladed disk turbine 4. Flow meter
impeller 5. Needle valve
2. 4-baffle-Rushton type 6. By-pass valve
standard reactor 7. Peristaltic pump
3. 3-way valve 8. PAA solution reservoir
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Lysozyme Z7Auk-goll mX= wukdl7]e] 932 PAA H7HEFS o 40 1
A fA121Z F 0.00123-4.96 fis’e] w712 AAN-SS A i
Alate] lysozymel HAUAE19} o] WstE AT ESLT). o -
o PAAY] iq7}Ek(g PAA/g Lysozyme® PAA Ex}zFol A glo] 04 A— A ————A— ) 4
0.22 FX3It) o] H7HES PAA E41% 4,000,00014 lysozyme 0 1 2 3 4 5
< 100% 8)5shet) 2ol Hago B Avold AgE Al 7t 5 (ms?)
2] BExlEe] PAA oA PAAS 7} ExlgdE =S EAsiY Fig. 3. The mean particle size of lysozyme precipitate with power inp
o W 7 WA 100%) lysozymed 3|sR=t] TR ol AT at various Mw of PAA.
WA Fig. 2= o8 714 lysozyme JAwEEo 2 Hojxl gix 2 <l
lysozyme A 4zte] A7 REE vl Zlolnh, 2™l B uiet FFol o2 gHASE FeA7lerl 2L PAA F3(main chain)
ol 34E lysozyme IAUA A71EEE peakt VI U= 9] Aol PAAS At #Alglol Al A5t 2ev PAA
monomodadl FEE YERAI M, Yzl met -2 HolH] Ak P& F (entanglemengt 2] HA Aol 2 Al o
Atk oA 2z ¥ NS FE YRR E FE TETh 5 PAAS] EAFC] WolAld PAA Fa¢] Zolrt &
o dF& Hxl AFHZ & dFAE o] FIFS FHstelr] S5t ofx] FIAde] Fslal PAA TXH Nee olW] di&el Brown
PAREA7|2 B4E 27l dA7|R 2N BHBHEARL (L, 9 &l 23 FEo stk ol#7k 79, perikinetic 8- T ol
£ Alktste lysozyme A AUYAEI 2 ARS-SISITE. Al lysozymell PAA7} 2 3H ?‘ZJE] = X% PAAY] B B
Fig. 3& ukA 710 w2 lysozyme AUzl A7|WHEE PAA Ao 2 shte] PAATE 918 JHe] lysozymelt BAlOl S3e] o]F
xR UeRd Aot Lysozyme%“d%‘z}ﬁﬂé A= w 44 ‘th 7VsAdo] ZolEt). o] 2 <18 orthokinetic-3-7 A 9
HEA 7] e FMP*O] PAAS] EA gl Bl sk o, kAl 7ol tis) A kel oJgk QiAzRe] FEo] dojdtia X FHE AR THE ¢
Me odst 4 YERISITE 94 PAA E213Fe] 4,000,000 7 ZpAtol 2] Iysozyme} PAAZS] Fato] dEslA] Rslal, PAA E2b
Sl %&%‘X}iﬂﬂ 1.47 nfis7X e aA71e) HlEste] 34 01 o &gk vzt twasE wWEte] YAt ZA AAEA 2
S7RIE, L oPdeldE w2 F243] Zasitt AA8] dAsiAlE He Zlelth
&S Uehidth 2213 PAA ¥2430] 450,00014% 0.0397 iis® HhHel| PAA ExlEo] AXH, PAA Bx19] Jlde EoEXT I
T e BaEAA77E Gt STkt a2 o delMe 9A=17t Al fAlskaL F4¢] ZHol= oA perikinetic & @A <l
TRl R eyt dAsiRT olell WA PAA A% 2,000 lysozyme] PAA E7t Ao ZaF FAtEo] FEH R o3
e A7) BAgle] Y= 7 LA-SA e lysozyme] &2 9%% AANA lysozymel 73kAl Sk o] F
ol e HFE PAA EAF| M2 Astssiel aEA} 7w adte] o]d  SlE PAA Ffdol7h EAleHA €k A k] og
Aol A & 9tk LysozymeHAREEolA lysozyme] F o JA7re] FEo] dojupd, M2 T2 YRFAIele] lysozymet PAA
7re] ko] %%‘Hxll, AA Aol ofgh Aot YRS AAst=
16 A FESNE $4l] YAt A A o,
ol9} o] HAWHgo| FUE PAA AN wEt aEA} 7w P
o] tEA vehr] el wRA stwEsit 7 gl vehdhe
12 4 PAA A+ 4,000,000141 lysozymedHAA=717F 7P A et
W3, PAA B25F 200004 4A=217F 7P B Vel Aol
= 283 wke Aol YAEY FES FEstel YAt A
2 5 AR RAFIIE SR, wAo] skl iAsh %w}ol
§ o] Mg (shear stres®= YAkl 2717 (breakagey Y271= ©l
4% 7P ik old el ZAge Yarel azlsh YAl
4 Ao A dFs LETH21]. 1A Fig. PNA A7) 9
o AAYAA719] HiskE duRol: & o & Utk
PAA #2}3Fo] 2,001 73, ﬁH}Oﬂ % FEZE IHYAEC] A
0 A F e 71Ee AT 28 taERE Ve gl
o o ; o ”"';'o o ""'1'(‘)0 o ”"1'(')00 P77 AR Zol Ao 2R oubA] obA] kAl 7]e|
L (um) ARe] FAPAZ77E A A el Aolth. olel wha] PAA
Fig. 2. Typical particle size distribution of lysozyme precipitation(Mw of AR 450,00014 = A 7hia sz devd PAA 241 2,000
PAA=4,000,000, B=0.2). o Hlate] YR=/N7F A AR, 8] PAA F3je] Aol
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7F lysozyme] 2710 Histe] AujH oz ZAx] Kah7] wiel] i
2F 7t &3t ww|sle] PAA Ex1 4,000,000t AA=717F @
A ZA JERE Bt o]9f o] oFdt wEAt rluaHE la 3
AR 7] Agto] oksled 0.0397 MisPe] W kA7 ol A FE]
o] AgHel ofa) Qdxke] 2] WAt FHPAL o o
4 s B3l golzl Aolvk. et 0.0397 A/s® €131l poor
mixing THIAE 238 A7 Eths gy EAshs YAtk
FEIF FERIESY 93 o Bol n7] Wi PAA EAF0]
4,000,000! 7A-¢-Hr} AAYAZ717E 6 FA veRd Zog Az
S PAA ¥A13o] 4,000,000! 73-9-oll= 0.0397 nd/s® ©1312] poor
mixing 774 PAA EAF3F 450,0001t 4A=717F ZA vt
71%= AR, PAA A 2,000% 450,000 Ths 222 7 gt
w9 FElte] k=717 A ‘/]'EP"":]' TS PAA F9] delrt
A7) wiEo] AR FEo] dojuks AS 5
52945 S 2Aste é‘%ﬂ%‘x}ﬂ 9 & floce2 *é%}% A
ATHSG, 16]. 2222 PAA B2 450 ooeﬂ*it AR ] 2R €]
0.0397 nd/s® o)’dollA] Yeldt ubd, PAA ¥4 4,000,00014E 3
Ao 2N Fol 1.47 nfis® ol dollA $ABHA Lojut FAYAe
233 Are 18A tugde] 34 9gE v JoR Ans
Atk
upebr] EA 7t Err A dojues vhgx7ldA AE
lysozyme IAUAE AR/ A4, JARe] AR AsiAle
AMIS G 5 AL
Fig. #= wubA 7o W2 lysozyme] 3FES PAA ExE=
Yehd Zoltt, agolA BiE uks}h 7o) lysozyme] 34ES PAA
o] Aol EoldSE A e, wRkl7|e] WElds A9
FEFS A Lyt oS ?4_“8 lysozymel &2 o] lysozyme
REHASE F3A7]ed Zad PAAY J7lRko] PAAS] ExleF
e} g2bs 7] wfEolct.
A AFS AAHY PAA AR RolAH ol Felx|A|
T BAE Bojdt) o]d A% lysozymel F2HE PAAS] Uz
T o2 lysozyme} FEE 1 xHHEE FsAE 7t

olx] 7] wlEe lysozyme] ZAMS F3= FE Brown
2 F2E PAA EAL0] APERE oESHA F o
RHASE F3A7]= PAAY HskEslags Hojxmdnt
[14, 16]. SFAIRF PAAQ] Aol io}xtﬂ wAE FOIEAIT 4
Aol7t ofub PAAS] #AFo] B A9 Hlgte] T B2 lysozyme

ofje
ﬂJFﬂ

1.0 @— @
I::: u [
0.9
A A A A
A
<o 0.8
® 4,000,000
0.7 4 a 450,000
A 2,000
0.6 T T T T
0.0 0.3 0.6 0.9 1.2 15
g(m¥s?)

Fig. 4. The recovery ratio of lysozyme with power input at various Mw
of PAA.

sjetzst N3sH M2 20004 48

294

o] F&wlo] PAA BA7} lysozyme] EWASS F3AFE TEol
LA Bt o) 7ol lysozyme] FHAGS vwlﬂL PAAS]
F3tago| BAFl HH s W&o Fig. 4% PAA J71s 0.2
LAsHA FAATE= 7§T lysozyme3]T&-2 PAA 21 Hlglehe
ot

SR W-g o] WHkAIZ1E lysozymelt PAAS] FEbikgow A)
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Fig. 5. The zeta potential of lysozyme precipitate with power input
various Mw of PAA.
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Fig. 6. The mean patrticle size of lysozyme precipitate with PAA dosage
at various Mw of PAA.
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Fig. 7. The recovery ratio of lysozyme with PAA dosage at various V
of PAA.
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Fig. 8. The mean particle size of lysozyme precipitate with mixing tin
at various Mw of PAA.
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Fig. 9. Typical morphology of lysozyme precipitate in semi-batch reac-
tor.
(@) Mw of PAA=4,000,0009=1, (b) Mw of PAA=450,0000;=1, (c)
Mw of PAA=2,000,6=1
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Fig. 10. The morphology of lysozyme precipitate during and after fee
ing PAA with a molecular weight of 450,000.
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