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ABSTRACT : Purification and biochemical experiments on the carboxylesterases-III (CE-IIT)
from the indian meal moth, Plodia interpunctella (Hiibner) were carried out to understand their
enzymemological characteristics. The CE-III from the fifth instar larvae was purified by means
of ammonium sulfate fractionation, gel permeation choromatography and ion exchange
choromatography. The optimal temperature for the reaction of the CE-III on the 4 substrates
(@-Na, @-Nb, 8-Na and B-Nb) was confirmed at 40°C. The optimal pH for the reactions on
the substrates @-Na and @-Nb was 7.5. But the optimal pH on the substrate A-Na and S
-Nb was 8.0. The optimal substrate concentration for the reactions of the CE-II was 3.16 X 10°
M in o-Na and A-Nb. On the substrate £-Na and @-Nb, the optimal substrate
concentration was 1.0X10°M for CE-IIl. The V., and K, values of the carboxylesterases
were varied by the substrates as followings : the V. of CE-III was 459 for «-Na, 52.6 for
B -Na, 364 for @-Nb, and 83.3 ( z mol/min/mg protein) for B-Nb. The K, of CE-III was 1.43
x10*M for a-Na, 3.57x10°M for B-Na, 9.17X10°M for a-Nb, and 7.14X10°M for B
-Nb, respectively. The CE-III seemed to have somewhat high thermostability considering that
the temperature for effective denaturation on activity was about S0T ~60T.
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3} eh I Wk (Plodia interpunctella Hitbner) Carboxylesterase-llle] A 2 AJ3l8tx &4

Z1siEl 31 9ivk. Hemingway(1985)F= Anopheles
arabiensisoll Al carboxylesterase?] kinetics 17
malathion AGAFT 244 F749] Aol v
3, Owusu  5(1994)2  Aphis gossypii®
carboxylesteraseol] 38} 49 ML HL% pH
g 7139 X Fol uigh A AFE 5
stodek. =3 Siegfried §(1997)>  Schizuphis
graminum® Y€l A A carboxylesterase Aol
gt )8 B0l adftel] 2+ 7)AH vkt X
o|7} EAL-& Hirsls & AAH 34F e
23 ZATAQl oAyt Ay eelixa )
{Lester2} Gilbert, 1987; Belzunces 5, 1988; Sieg-
fried®} Scott, 1990; Mamiya 5, 1997; Ohbayashi
5, 1997). ¥ d4E g Eallsl= dakuiy)
9} esterase isozyme(Park 5, 1998) & carboxyle-
sterase-II{CE-1IDE £8] BA% ¥, AR a4
o] Qe 548 Tkt Fysiglch
ME 3w

AMENE

slelm bk Plodia interpunctella Hibner)& T3
AR 27220 AR 6022%; 2571
16 h-light, 8 h-dark)ell#) 23 A& Holz 7
tlAL-5skgich(Silhacek 2F Miller, 1972). A8
T 5% §55% & FEGlol ek FRlsle] g2
ZAE Agsdct 8 Aagd A4k 2
A2EER(-70C)ol] Bslsich

Al2o FH|
AEAMET)NA AT FH FAE

th2, 102 M phenylthiourea(PTU)7} XE3FE
sodium phosphate buffer(pH 7.0 27}
glass grinder(Wheaton-33)2 wuhsfisidct. #HEA
o2 FY buffers 7}sto] FEAE 40% (w/v)Z
AL F 4TNA 10,000rpme 2 1587 A
A1 8.2 (Beckman, J2-21 centrifuge)sto] =Z|AH
o EEEs AAT ohg 4SHE Fsk] crude

enzyme 2. 2. AL-g-3}9ict

73
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Chmziol =
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=t 2 Lowry $(1951)9) shi&
o] gsto] HAsISich EFEHHAL hovine serum
= , Al&e] WHE-HE Spec-
tronic Genesys 5 Spectrophotometer(Milton Roy
Co)E of&sted shat 750mollM FH=E FH
A FEE AEEh

Esterase?| g4s £H

Esterase?] ZAEYE Ozaki and Koike(1965)2}
e o] &slel FAsGIEE whgME spectronic
Genesys 5 spectrophotometer(Milton Roy Co.)&
o) gsto] A 540mmollA FFEE ZHwISIch
Esterase?] A%+ AAlE S -naphthol(Sigma,
USA)E Abgste] 2 ZET49 Froll HE
slod AbEllom, esterase?] AR P AL
o} #Agog 7lERslsle) &% B -naphthol®
frelH(ug) o 2 VFEh e

Esterase isozyme2| =0l

Esterase isozyme2] hand #<2 Laemmli(1970)
9] native-PAGE W& UF wi¥stel Al
o}, & 75% EE9 polyacrylamide geloll A& 15
¢ ABL Joadingsted g 2417HE 5 mAZ, L o]
FT 10mAE 4TolA HJdEs Ao
running buffere= 250mM Tris-glycine(pH 8.6)-%
Agsigdet. Ariedgol o3 Fel®l isozyme
bandE2] #9 Van Der Geest®} Borgsteede
(1969)2] Wl Fsle] A & FQlslich

Carboxylesterase-1112] 22| & HH|

5% F5ollA AAZ FAS) A 100meel 2
A2 ammonium sulfates 0~40%, 40~50%,
50~60%, 60~70%2] =x & 7FzF E3IRIAH 47T
A erlAS HAA F 8,000rpmell A 2087 A
Aeesiddet. 45ds AAste HHd oA
ofl Zeko]l 50mM sodium phosphate buffer(pH 7.0)
£ A7t AT I FAte] native-PAGES
Eal 7+7+9] ammonium sulfate 22 esterase
isozyme bandE ], #lsldvt. B2 clako
CE-IIE ¥33l+ 40~50% ammonium sulfate

XA gbA-2 membrane filter{Sartorius  Co.,
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Germany) 2 o]#3F vhg Y buffer2 HPAIY
DEAE Sepharose CL-6B column(2.5x 20cm)oll A]
EE loadingdt ¥ #£ZF4% 04nd/minE  tubeF
2.0m4 223199t Bound proteine 0.05~0.25M
sodium phosphate buffer(pH 7.0)8] linear gradient
ol Ak ¥ F CE-lIE Egshs
fraction(D-3: No. 73~89)% native-PAGEE E3}
o] #olgt g $44J7) X Centriprep(Amicon
Co., USAYE ©]& EFH3sbed 0.05M sodium
phosphate buffer(pH 7.0)9l #H¥A]7] Sephadex
G-200 column(2.5% 30em)2. 2 Ealsigivh. 424
B 0.25m/min2 2 tube?d 2meH B3 b2
HEAA7L sHel® fraction(S-2: No. 50~62)&
Fol s&3slo] 5 huffer2 #HA|Zl Sephadex
G-150 column(2.5 X 30cm)ol] |-Z4% 0.2m¢/mins
2 tubed 2mlx E¥sle] HETHo g gel
permeation chromatographystich. A%l CE-III
£ BABAES Kol peaksl
fraction(S-5: No. 38~45)5& tbe 2 Fo} 5=
3+ & 7.5% polyacrylamide gelollAl 27158 A
Alsled CE-IIS) ¥+ bandE VERHE fractions
golslgd, 99 bandZ #AH fractiontHg F
Aste] ¥ F HAF CE-UIS] A|22 A&}
A=

2 3o
= oc}—'ﬂ‘ol'\_

UIZHN2E £

AAY EE(CE-IDS 2HSHAXEE gobr
71 Hsted 4F9 71A o -naphthyl acetate( @ -
Na), £ -naphthyl acetate(S-Na), @ -naphthyl
butyrate( @ -Nb) I3 S -naphthyl butyrate( 8
-Nb)& Z}7} 0.54mMe] FEZ3tod pH 7.004]

oL OIO
]

ZEHZE Wh3AA Folsginh wheer xS
5C zZtHog 20TdA S5C7HAZE 3lgow,

protein 1mgd 1&%<H Yehlles x4 gAsR
I ¥rtE 3Atete] B4l Zhu 9F Brindley,
1990; Owusu 5, 1994).

el #-323 piE Yoty
Asled 459 714N @-Na, #-Na, a-Nb, £
-Nb) 054 mMe] FEolld 37Ce] eExHoZ

. 0
meE

F3

HES-A1A 2b7 #Hlsldet. pH B9l pH 05
7YHo = pH 55 oA pH 9.0 7tAE slgox,
protein lmgd 155 JeERlE &4 4R
2 A7HE $Habsted 23 pH 27& gl
(Kapin &+ Ahmad, 1980).

HSENIIAEE &3

BAR ZEACE-IDS] w327 AsE 9 7)
Ane) BolAE Yot 7| $lete] 4%2) A A(a-
Na, 8-Na, a-Nb, 8-Nb)J& 27+ 1.0X10(~log
50M)eNA 10X 107%(-log 2.0 M) W2 3] As}od
37Ce] 2EZANCZ HHeAA "elslgith. 713
o FE L log 05 4 wAME Z7IAA 7
Az 77h JbEAIZL F, protein 1ngR 125
Uellle 54 8452 1 Artg shisle] B4
3+ cHSudderuddin, 1973; Owusu =, 1994).

Kinetics A}

AAY AACE-IDY 713 7hpislol w2
71 AEES w4 R A BAIE 459 7
A(a-Na, §-Na, @-Nb, -Nb)g o]&slo] %
Astodrh. 2+ T4 wE V) AFEY e
Eoll 214 double reciprocal plot ZHI/AS], 1/v)<
47y A% Lineweaver-Burk®Holl et 1/vE
/ISl thsted =3l olF RAsle] 7]Ao
W2 7 249 Kn H Vaudh s 42390

HotHY FAL

AAA carboxylesterase-1I12] WA =A
7] el g4E 10T AR 30T ~80TY
25 Wl Z+ZF 1A 7+ preincubation 313
oh dxeAa wHA" AL 10,000rpmeli A
1057 AAEesto] Ao, A& &
&9 2AHARE &4, dz2FHd vz o %

inhibitionZh-& AHEstel dokEAdE FAstsich
2 o
Carboxylesterase-112| HH|

sheuk 5% 59 2 carboxylesterase
urs] 2 (Park 5, 1998) CE-IIS AAst7] Hslo
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ammonium sulfate® EIHA|AH B2t Aak 40~
50% ammonium sulfate H-2lollA CE-UI7} clek
HAEZEcHFig. 1. webd E d7llA+ CE-1I
S AAlsr] $stod 40~50% ammonium sulfateod]
AR H fractions A&slo] A-gs}gict

CE-IIVF oh&F =3r% 40~50% ammonium
sulfate’®2](Fig. 1)& F43l3a 553 * DEAE
sepharose CL-6B column “ll4] ion exchange
chromatography{Fig. 2)& 4AJ3t ¥ native-PAGE
2 Rk A3 D-38 FAE 73~89H fraction
o4 CE-II7} eh&F 3rf=lo] UsichFig. 3). ol
£ fractiong 2o} thA] FAtL FEA7 clg
Sephadex G-200 column2 = gel permeation chro-
matography S A S+ tHFig. 4). Gel permeation
S S8 dolA 3709 esterase peakZT F WA
peak?®) S-2 fraction(No. 50—62)oll4] ©}ake] CE-III
7b EAge]l A7dsE F3MA BAHArHFg.
5. FEAAE fractionEg& Zol &% & HF

o2 Sephadex G-150 column®.Z gel perme-

<CE-i|

Fig. 1. Native-PAGE (7.5%) patterns of whole
body esterase from the fifth instar larva of
Plodia  interpunctelle.  The  esterases  were
fractionated by precipitation after addition of
ammonium sulfate. A, the fifth instar larva; B,
0~40%; C, 40~50%; D, 50~60%; E, 60~70%
ammonium sulfate {(NH,),SOs} fraction; CE-III,
carboxylesterase-Ill.

0.D. 280nm
ACTIVITY{ uglmi)

Butfer gradient

3

150

TUBE NUMBER

Fig. 2. DEAE-Sepharose CL-6B ion exchange
chromatography of 40~50% ammonium sulfate
fration of whole body esterase from the fifth
instar larva of Plodia interpunctella. The fraction-
ated protein was applied on to column (2.5X
20cm) equilibrated with 0.05M sodium phosp-
hate buffer (pH 7.0). The elution was carried out
using 0.05M~0.25M sodium phosphate buffer
(pH 7.0) at a flow rate of 0.4 m{/min. Fractions
of 2mf per tube were collected and assayed for
esterase activity. Protein concentration was mon-
itored by absobance at 280 nm. , esterase
activity; ----- , protein concentration.

b bt i

i &@s ¢ o <CE-

Fig. 3. Native-PAGE (7.5%) patterns of esterases
from Plodia interpunctella collected by DEAE
Sepharose CL-6B ion exchange chromatography.
Numbers indicate the tube number fractionated on
ion exchange chromatography shown in Fig. 2. A,
the fifth instar larva; CE-III, carboxylesterase~III.
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Fig. 4. Sephadex G-200 gel permeation chrom-~
atography of DEAE Sepharose CL-6B fraction
(D-3). The protein fraction was applied to the
column (25X 30cm) equilibrated with 0.05 M
sodium phosphate buffer (pH 7.0) and the elution
was carried out with the same buffer at a flow
rate of 0.25 m¢/min. Fractions of 2m{ per tube
were collected and assayed for esterase activity.
Protein concentration was measured by absobance
at 280 nm. . esterase activity; -----— ,
protein concentration.

A 45 50 55 60
-

tas ¢ * ® @®e¢ o «CE-li

Fig. 5. Native-PAGE (7.5%) patterns of esterases
from Plodia interpunctella collected hy Sephadex
G-200 gel permeation chromatography. Numbers
indicate the "tube number fractionated on gel
permeation chromatography shown in Fig. 4. A,
the fifth instar larva; CE-III, carboxylesterase-11.
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Fig. 6. Sephadex G-150 gel permeation chroma-
tography of Sephadex G-200 fraction ($-2). The
protein fraction was applied to the column (2.5X%
30cm) equilibrated with 0.05 M sodium phosphate
buffer (pH 7.0) and the elution was carried out
with the same buffer at a flow rate of 0.2 mf
/min. Fractions of 2m¢ per tube were collected
and assayed for esterase activity. Protein
concentration was measured hy absobance at 280
nm. , esterase activity; ~—----— ,  protein
concentration.

A 38-45
oo

® & «CE-l

L 4

+

Fig. 7. Native-PAGE (7.5%) pattern of purified
carboxylesterase-I  from Plodia interpunctella
collected by Sephadex G-150 gel permeation
chromatography. Numbers indicate the tube number
fractionated on gel permeation chromatography
shown in Fig. 6. A, the fifth instar larva; CE-IIJ,
carboxylesterase-III.
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3l &k (Plodia interpunctella Hitbner) Carboxylesterase-ll12] ] 2 A3}8t3 &4

ation chromatography(Fig. 6)3F ©h-2 peak S-5(No.
38~45)9] B2 53 ¥ ¢34 g A
sl7] ¢lsto] native-PAGEE 4AJgH Z=t CE-II
o] €} band® vleEl} CE-MIS) AAANEE A
tHFig. 7).

Carboxylesterase®| Mslsty EM
1. %
£x0o] wE carhoxylesterase-I¢] A =9}
714 EolA L2 Fig. 8% Zv}. @-Na, f-Na, «
-Nb 3 B-NbE 7]HZ Agsle] 20THE &%
£ 5TH dsAA HeAZIAR 54 9 713
e A2 5o g Hojie] EAlied,
N

Doll wha} Hdo] BHET Z7kslol
%]

T oA E tAELR HATA e FHs #
43teE AYS Boa, HyEAdEE f-Navt
246.3 1 mol/min/mg  protein® & 7}A ZQtow 7]
A gAZA %] ofd eyl IEE G =H,

200

1504

1004

ACTIVITY (uM/min/mg protein)

~

20 25 30 35 40 45 50 55

TEMPERATURE(T)

Fig. 8. Effects of temperature on the hydrolysis
of 4 substrates by purified carboxylesterase-II
from the fifth instar larva of Plodia interpunc-
tella., Enzyme was reacted with different
temperatures (20°C ~55C) for 15 min, and pH of
the reaction mixture 7.0. Each point represents
the mean of three determinations. (I, @ -Na; &,
B-Na; @, o-Nh; (], £-Nb).

CE-lII+= naphthyl groupd] 718 ¢ & B-form &
B ~formell ¥t} 7slAl &3l Ao vzl
=3

2. pH

pHoll wh& CE-LI19] #FAxe} 7]AS5ol4d
Fig. 99+ 7}, 2-Na, 8-Na, ¢-Nb % B-NbE
7187 Agste] 37T L£Xol4 pH 5504 %
Bl pHE 0.54 Z7H1A wbgA7 Ao dubE o
2 4%Z9] 7]AA 25 pH 65~8.0 HelA &
9F el BAErt BEE|d o), pH 6.0 ofste] 4
Az7olt pH 85 o4l el =AM
AT FA8] Zade] sk a4
(CE-IID o} 7124 A pH=ZZLE «-Na®t «
-Nbe] 739 pH 7.5004 o] @4EE Hle
U A-Na$t 5-Nbg| 75T pH 8.004 22
e TAVAEZE HYow, d4 9 sjE™
%% pHoll w2 BAEE ¢ -Naolld 574, a-Nb
o4} 594, B-Naoll4 867 LeliL B -NbollA]
74.7( 1 mol/min/mg protein)Z 7}ZF Jeh} a4 9}
1A a9t B-formZHe] WHE3]H pHA | Zbo]r}

90 T

ACTIVITY (um/min/mg protein)
8 5 8 3 3

[N
o

S5 [ €5 7 78 8 85 9
pH

Fig. 9. Efects of pH on the hydrolysis of 4
substrates by purified carboxylesterase-III from
the fifth instar larva of Plodia interpunctella. The
reaction mixtures were incubated for 15 min at 3
7C (pH 55~9.0). Each point represents the
mean of three determinations. (ll, ¢ -Na; &, 8
-Na; @, a-Nb; O, B-Nb).
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Bicd
o
Ho

. [e]

7189 ol w CE-IIe] 459 714 =
Fig. 102} Zch 714 e¢-Na, S-Na, «

B-NbE ZH7F 10X 10°M~1.0X10%M
HeWol|A] FEH g AHEslo] "HEH pH
70, 2% 37ColA 1583 ¥-AA A4S
2 2A3 Ax AW dEHASEE o -Nagh
B-Nbe] 73¢ 3.16X107° Moll4, 8-Na%t «-Nb
= LOX107MellA] e A4S Jehdo 2y
4 uh2-z 2 F 57 Eel=9rhFig. 10).

o~

7 71434

70
601

50

ACTIVITY (ul/min/mg protein)

304

20

5 45 4 35 3 25 2
CONCENTRATION OF SUBSTRATE(-Lag M}

Fig. 10. Effects of substrate concentration on the
hydrolysis of 4 substrates by purified carboxyles-
terase-III from the fifth instar larva of Plodia
interpunctelln. The reaction mixtures were incu-
bated for 15 min at 37C (pH 7.0). Each point
represents the mean of three determinations.(l,
@-Na; A, 8-Na; @, «-Nb; (], 8-Nb).

4. Kinetics
CE-1i8} 7\ AssH 2| ulg
Asto] Lineweaver-Burk plot ¥ o &
7} fHae) 71AZke] whgAthy 2] kR 2R
!

1 o
5
%

N

X g 7
2 Az 7 549 7184 kinetics F473
L Table 1 W 29} 2th CE-II 71 5 -Nb}

- REH
B-2-5led 83.3 ¢ mol/min/mg proteinS 2 Hule] &
/(é]s;—(vrnax)% i%]_&i&q ﬂ—fomgl l’laphthy] group
7ol EAAow Agie] HAsULt WA,

K 2t A 718 B -NaollAl 357%10° Mz 743
go} dje] Ast g ehiEdoR HUAs
o}

Table 1. Optimal concentration and Vma value of
substrate specificity on the activity of purified

CE-1II from the fifth instar larva of Plodia
interpunctella
Optimal *
Substrates concentration Voax value
@ ~naphthyl acetate 3.16% 10_ij M 45.9
f-naphthyl acetate  1.00x10°M 52.6
« -naphthyl butyrate  1.00x10°M 36.4
B -naphthyl butyrate  3.16x10° M 83.3

"Vaax values are expressed sz mol/min/mg protein.

Table 2. K value of substrates on the activity
of purified CE-III from the fifth instar larva of
Plodia interpunctella

Substrates K., value’
@ —naphthyl acetate 1.43%x107°M
£ —naphthyl acetate 357X 10°M
@ —naphthyl butyrate 9.17x10° M
B —naphthy! butyrate 7.14%10°M

K., values are expressed as substrate
concentration.

HOLH Y

CE-19] ka4 2% BAH Z45F 0T
~80°C Wejol Z+ ZxofA] 1AIZHESF WHAIAA
o, E A48AE £P¢ X % inhibitiondk
& AZslo] Fig. 119 VERAL=El 50T ~60T
Aolofla FAZA 0] FH3] Ao 50TEH
7108 356%9 Asg&s vetddz, 10T ol
Aol EagAlo] A #lsR] gk
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32 (Plodia interpunctella Hibner) Carboxylesterase-ll12] A 2 A3}y =4

100 -
90 /’
801

701

=
% 60
8
5 %
Z a0
®
304
20
1o+ /
o

T v —
30 40 50 60 70 80
TEMPERATURE(T)

Fig. 11. Thermostahility -of purified CE~III from
the fifth instar larva of Plodia interpunctelln, The
enzyme was preincubated with at different tem-
peratures between 30C and 80C for 1 h. Each
point represents the mean of three determinations.

T #

B 7= sheHudbellAl Aol w73l
isozyme 2.2 E1=l(Park et al., 1998) carboxyles-
terase-III(CE-II) 2] 218tz EAS abolH 7] 9
slod ammonium sulfate fractionation, ion exchange
chromatography Z2]3. gel permeation chroma-
tography $H& H&sled CE-IIE A Aot
AAE carboxylesterase-IIe] A3}shs EAZ 4
%2 7)H(a-Na, B-Na, a-Nh, B-Nh)z} H#-%
AlA EARE Az, vheHA s 1A #Alel
o] 40CE FHxEAUcHFig. 8). ol& Owusu %
(1994)e) Aphis gossypii®] carhoxylesterase® 4+
o2 el uhgzlAerel e dxisigid
g+# zZhu®l Brindley(1992)= Lygus hesperus®]
acetylcholinesterasecl]4] ¥F-HZH 57} 35C ~
40T & Fusiedl, £ A7 carboxylea-
terase9}=  thL  FoldAl ERFHLoE  Hol
esterase®] isozymeZtol]l glojA] WHSH AL T &
£ Bolie]l S-S A AAlFn Qlrf mwdh
71749 uieHR-Ex4e] &4 el naphthyl group
713 a2t B -form7ke] o)} vhd EAste A

o 2 #ols)girtHDetra ¢ Collins, 1986; Belzunces
5. 1988 Zhu & Brindley, 1990). ¥H2-33 pHE
71 8ouebA 7.5~8.09 HAZ veht 1 He
7b e EFEA EaEo]A pH 7.0~8.0
off T3S selstgiontFig. 9), o-Na®t a-
Nbe] 7% pH 75004 ) BAEE 2ol wid
B-Na$t B8-Nb®) 739-% pH 8.0004 AU &
AEE HoFM naphthyl groupd 712 o9}
B ~formZ}ol] pHell wh-g ub-g-Solde] EAfsiich
(Kapin @ Ahmad, 1980). 4% 714d9] "l =&
EE 1L0X10°M~3.16x10° M2 el (Fig. 10,
Table, 1), Sudderuddin(1973)e] Myzus persicae&
AFsted Hud 315x10°M Hele 2 %

2, Owusu S(1994)0] Aphis gossypiis Aoz

A3} carboxylesterase®] HF-2HA 7| ABE 50X
10° M~5.0%10°M Hrbe 3& 55HE 23
o, ol¥& %9 7, & ez 59 Ao
A 7108 AR AREW, i 23| EA)
sl esterase isozymeS2] A patterno] ILER
AE3) slojole-& dulsle Aoz Agdch
CE-1I¢] #H35% o 7350|142 Linewe-
aver-Burk #PHoll 2}A kinetics &< 2447 7]
Az 27 & 3159 Kn ¥ Veedtd ZE
Ao g Q19 rHTables, 1, 2), Hemingway(1985)
+ Anopheles arabiensis A7 733} naphthyl group
2] 7]AoA carboxylesterase2] K.zkol 6.4x 107
M~28x 107" Mo} Wiz chaksiA vehdeln )
FEdl, B ATFNAE 357X 10° M~ 143X 107 M
Aol #H vHTable 2) L {7 A=A =
dx|sii ot 2+ 718 E 259 S R
= Ao #olslo] yjA digl kS Eolie] &
AgE F ehdl] Faglclh zeEla, Vieedt 94
7138 e 1qe kg et edl(Table 1) a-
Na’l 36.4 1 mol/min/mg protein 2.2 713 Yka
B -Nb7} 83.3 #mol/min/mg protein 2.2 AY =
< Zleg #HAEged, CE-lle Adtdez
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