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Abstract-—Kinetics and methodology were investigated for the extraction of o-chymotrypsin using reverse micellar
phase composed of AOT and iso-octane. Experimental data on the transfer rates of protein were analyzed quantitatively by
a mathematical model based on the two-film theory of mass transfer. In the case of phase transfer method, the rate and per-
centage of the forward transfer increased with decreasing pH(<pl) and ionic strength, while the opposite conditions favored
the back extraction from the reverse micellar phase. The rates of the back extraction, however, were approximately 10 to
100 times smaller than those of the forward extraction. The forward pH condition also had a significant influence on the
rate and percentage of backward transfer. In another method that was introduced for the backward transfer, the micelles
were dehydrated with molecular sieves in order to precipitate protein without manipulating pH and ionic strength. The for-
ward pH and ionic strength did.not act upon the precipitation of protein and the recovery of protein was elevated with
molecular sieves input and higher than in the phase transfer method.
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Fig. 1. Mechanism of protein transferring through the two-film into
the reverse micelles. :
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Table 1. Experimental variables

Variables Forward transfer Backward transfer
Phase pH 20mM Acetate 20mM Phosphate
transfer pH S, 6,7, 8 pH 6, 7.5, 9,
10.5, 12
Ionic strength NaCl KCl
0.2, 03, 04, 1.0M 0.2, 0.3, 04, 1.0M
pm 350, 400 750
Using Molecular After forward
molecular sieves input transfer
sieves 50, 100, 150, 200
mg/ml

Reverse micellar phase : 50 mM AOT/iso-octane, Temperature : 24 °C.

< E23lgdet. ol AP 15ml §-39) vialol| 4] skl o]
= 10ml] Hrtol At nlE] F-3E 558 AA7] 18 300°C
ANA] 2417 JEF AxE F AL 252 fA9Y EAHAE 50, 100,
150, 200 mg/ml¥ F-ql3ted oF 2027k 2 E3HE F, F3A ol =
2A1717] 9180 oF 12417 2t WA Basle] A g YHoe 3
8t5ich. 345 a-chymotrypsin®] k2 Gujo]AAtel] Holgl o-
chymotrypsin®} F=5 343l AAs15 7, FAH A F2A=A]
a1 Hujo]AdAbe]] Folgl= E-2] k& Karl-Fisher 33 22 Wogke
ZA skt

Aol A8 AF W4ES Table 1) Yehf]cl).
4. Z3 3 o

4-1. a-Chymeotrypsin®| £0|S

4-1-1. pHS) 3

oA AREAAE AR A4 o] AulojAioz &
Ak A3 pH7F 371310 ) SRUL pidkel FASI Y
W} 7. o] FE L9} 0] 5E(% transferyo] Folx] Al Elr}12,19,20).

Fig 26 48942 pHol W S893l42] o-chymoypsin
o A2l G 5= a2 o) sl of 0k B g
< A7k bell Huto] Al 2 o) 53-8 ¢ 4= 3t} a-Chymotryp-

40
—w— pH8.2
—a&— pH7
—&— pH6
g 30 —=—pH5
c
L2
®
*'g 20
8
c
Q
(&}
10,
—y
—f
i L M ¥ M i M ¥ M 1
0 100 200 300 400 S00 600
Time(s)
Fig. 2. Changes in concentration at forward transfer of o~chymotryp-
sin with pH.

(0.2M NaCl, 350 rpm, 24 °C).
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Fig. 3. Forward transfer rates of a~chymotrypsin with pH.
(0.2M NaCl, 350 rpm, 24 °C).
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Fig. 4. Effect of pH on K,A & m at forward transfer of a-chy-
motrypsin.

(0.2M NaCl, 350 rpm, 24 °C).
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Fig. 5. Changes in Wo at forward transfer of a-chymotrypsin with pH.
(0.2M Na(l, 350 rpm, 24 °C).
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Fig. 6. Effect of ionic strength on K,A & m at forward transfer of
a-chymeotrypsin.
(pH 5 acetate, 350 rpm, 24 °C).
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Fig. 7. Changes in Wo at forward transfer of a-chymotrypsin with
ionic strength.
(pH 5 acetate, 350 ipm, 24 °C).
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Fig. 8. Determination of aqueous & organic film combined mass
transfer coefficients(k,, A & k,A) for forward transfer of a-
chymotrypsin.
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Fig. 9. Effect of pH on K;A & m at backward transfer of a.-chymo-
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Forward condition : pH 5 acetate, 0.2 M NaCl, 400 rpm, 24 °C.
Backward condition : 1.0 M KCl, 700 ipm, 24 °C.
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Fig. 10. Effect of ionic strength on K;A & m at backward transfer
of a-chymotrypsin.
Forward condition : pH 5 acetate, 0.2 M NaCl, 400 rpm, 24 C.
Backward condition : pH 7.5 phosphate, 700 rpm, 24 °C.
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Fig. 11. Changes in concentration at backward transfer of o-chy-
motrypsin with forward pH.
Forward condition : 0.2 M NaCl, 400 rpm, 24 °C.

Backward condition:pH 7.5 phosphate, 1.0 M KCl, 700 pm,
24 °C.
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Fig. 12. Effect of molecular sieves input on Wo for backward trans-
fer of a-chymotrypsin with forward pH.
(Forward condition : 0.2 M NaCl, 400 rpm, 24 C).
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Fig. 13. Effect of molecular sieves input on % backward transfer of
o~chymetrypsin with forward pH.
(Forward condition : 0.2 M NaCl, 400 rpm, 24 °C).
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AI8I1%
A : interfacial area [m’]
C : concentration of protein [UM]
i : mass transfer rate [pumol/s]
K,A :overall combined mass transfer coefficient [m’/s]
kA :individual mass transfer coefficient in i phase [m/s]
m = :partition coefficient
N,,  :aggregation number
P : protein (o-chymotrypsin)
RM  :reverse micelle
S : surfactant (AOT)
t : time [s]
\'A : volume of i phase [m’]
Vv, : phase volume ratio

Wo  : water content [H,O}/[AOT]

Jzjo|a 2t
o : model parameter [s ']
B : model parameter
X}
aq. : aqueous phase
org. :organic phase
m : reverse micellar phase
1 : phase 1
2 : phase 2
i : initial
f : final
D2
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