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TN s AL HA, TEM R C-Ca, EFZBELEFRF S, Bl hio Rt AR 7 @
B ZRB. LPAKMATA (Escherichia coli) K12 4 BAE: B TKTA A& 5t %, @il 2iaA
REAB AR TRAMIEBBAR DGR F, 48 E T LT TKTA M B A 5B & B F 5.
R AW : REE TKTA_M (R358I/H461S/R520Q) mER @A A 32°C, RiER L pH A 7.0, VA
D-H i B A AR R A A9 LR E R (6.57+0.14) U/mg, Z A A EEE ((0.71£0.02) U/mg) &9 9.25 4%,
R R A B, %9 20 mL 49 R B4R R, ¥A 50 mmol/L 5-87 & -D-# F 42 E8 A= 50 mmol/L
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Molecular engineering of transketolase from Escherichia coli
and tartaric semialdehyde biosynthesis

WANG Jianfengl#, LI Wenyingl#, XIN Zhenqil, FENG Wennal, SUN Xiaominl’z,
YUAN Jianfengl’2

1 Xingzhi College, Zhejiang Normal University, Lanxi 321100, Zhejiang, China
2 Key Laboratory of Wildlife Biotechnology and Conservation and Utilization of Zhejiang Province, College of
Chemistry and Life Science, Zhejiang Normal University, Jinhua 321004, Zhejiang, China

Abstract: Transketolase (EC 2.2.1.1, TK) is a thiamine diphosphate-dependent enzyme that catalyzes the
transfer of a two-carbon hydroxyacetyl unit with reversible C—C bond cleavage and formation. It is widely
used in the production of chemicals, drug precursors, and asymmetric synthesis by cascade enzyme
catalysis. In this paper, the activity of transketolase TKTA from Escherichia coli K12 on
non-phosphorylated substrates was enhanced through site-directed saturation mutation and combined
mutation. On this basis, the synthesis of tartaric semialdehyde was explored. The results showed that the
optimal reaction temperature and pH of TKTA M (R358I/H461S/R520Q) were 32 ‘C and 7.0,
respectively. The specific activity on D-glyceraldehyde was (6.57+0.14) U/mg, which was 9.25 times
higher than that of the wild type ((0.71£0.02) U/mg). Based on the characterization of TKTA M, tartaric
and 50 mmol/L
non-phosphorylated ethanolaldehyde. The final yield of tartaric acid semialdehyde was 3.71 g with a molar

acid semialdehyde was synthesized with 50 mmol/L 5-keto-D-gluconate

conversion rate of 55.34%. Hence, the results may facilitate the preparation of L-(+)-tartaric acid from

biomass, and provide an example for transketolase-catalyzed non-phosphorylated substrates.

Keywords: transketolase; site-directed mutation; enzyme characteristics; biocatalysis
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5-KGA TELVLIRERUY | SedJmaman™ | 14
RSN AT, AT L-(H)-TE A
MR SR, AL TR B, ol ik
i, F AR A A BRI A R L B
A%, SO FEARREE L, Jok 2 Tl A
PR

AT AR B L A R A B o
L-(+)-P9 A FRAE AR K R 7 Il , SR, KR
AW IR SRR ()T 0 TR A A &
feo RN Ford [ATBAE S IE 1 BRI H %9
(Vitis vinifera) W L-(+)-10-A REY G AP
B LSk B R N A B (L-idonate
dehydrogenase, L-IdnDH)!'" 1 f Fi if J5 i
(2-keto-L-gulonic acid reductase, Vv2KGR)!"*!,
IFE5A HE N 25 S5 IR RN R 7 25 7 BR B 90 45
RAR W L-(0)-T A R A B AR AR,
e 1 R, BRI, Zmie gl 5-KGA
H C4-C5 WAL i B M AL AL i N T A
HEN 5-KGA L5 [REENE (transketolase, TK)
FV A1 R - 1 Mo Z( i (tartaric semialdehyde
dehydrogenase, TSAD) #41k, & i L-(+)-8 A R

0 COOH COOH
HO
HO V»7K(JR HO L lanH HO
—>
HO
CH,OH CH,0OH

CH,OH

. . L-idonic acid
L-ascorbic acid

2-keto-L-gulonic acid

1 Vitis vinifera F L-(+)-BAERE
Figure 1

AR AR i i 1

L-(+)-tartaric acid biosynthesis pathway in Vitis vinifera, modified according to the literature

FIH AT AL, KT (- A TR A R te
EMEAL 5-KGA A2 il A1 IR TK J2 TSAD KJ
xR Salusjarvi 28 PUTE K W FF R
(Escherichia coli) it 31555 E AL 2 M IR T
I (Gluconobacter suboxydans) IFO12528 i
FA) 7 %) R R £/ 2 JU BB Al (gluconate/polyol
dehydrogenase) & % 5-KGA, 25 R KA L-(+)-
WA RAR, FHHEN 5S-KGA 27 5% i B i F1 58
FATR - T I UM A TR 5 B L-(0)-T A R L (H
EHEUE X — a5 o SR, AT AR 2T
ITERAL T M 4 1Y S i

YW T (transketolase, TK) PAIe 7

ML HEA AL, Wikner 13 SR AR
M BRI S IR MU B 25 5, I B A
PR R AL P, Hibbert %P3 F a2 540 F 28
T, UESE E. coli K TKTA ) R520 5%
J 5 JEC B R R AT AR N 42, ARAT 1Y) 98 A% il X A
IR AL IS ME AL IS P2 5 T 3 5 4% o 7EXT D469
R AR A d, 15 D469T RALHE, X G a-
BRI R TE PR T 2.5 £57Y, kR,
Zhou ZEBISFREHNE N F AT (Geobacillus

COOH COOH
I OH | TSAD OH
COOH o e
OH o
C4-C5 CHO COOH
TK tartaric semialdehyde (). L.
OH Cleavge y L-(+)-tartaric acid

9 +

CH OH Il " a (I:HO _____ | Metabolic
5-keto-D-gluconic acid CH,OH carbon pool

Glycoaldehyde

[20]

Solid arrow represents L-ascorbic metabolic pathways, and dotted arrow represents L-(+)-tartaric acid
synthetic pathway. The question mark indicates that the key enzyme, C4—CS5 cleavage, has not been identified
yet. VV2KGR: 2-keto-L-gulonic acid reductase; L-IdnDH: L-idonic acid dehydrogenase; TK: hypothetical
transketolase; TSAD: hypothetical tartaric semialdehyde dehydrogenase.
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stearothermophilus) & T I it [R] Y5 s A%, 3 1ok
HAERAW T, FAFIAEE 45 1 F435L/
D470E F1 L191V/D4701, XJG a-F83E A4 I P i
fRTEPEHE R 7.4 £5. Ranoux ZFPUR B BT
w7 X, X R B BE (Saccharomyces
cerevisiae) UL I FERGIE TG, RAS AP
& A8 B (R526N . R526Q . R526Q/S525T .

R526K/S525T) X 4k ®% & b 19 K 6% £ oo s &
(long polyol aldehyde) FMEILTE TR 2.6 1o
HARF R, LRIENEIER (hydroxy-pyruvic
acid, HPA) 1ERHAICY), S8 AN vl i B ik
CO,, MG g & m i d2 4t TR,
ST, I A R R Y ek, AT AR
B — 5 W Aot . ASSCE 5k
SLlE 5 FRIE E. coli K12 A4 He U 114 2 1l o it 32k [
thtA, it TKTA Z5HEMZ FA) XS, *f

*®1 FWMRAASIY

JIE PIHiE IR i 11 45 4 v 1. R358., S385., H461 Al
R520 A7 5E SR NS AE FIZH 5 58742 , T e Red
ZALB R AL IR P 2 AR T o 7E X 58 A8 i E A 7 i
SRR AL L R 5S-KGA MK,
TEAL A BT A TR, R T P AR U Sk SR
2 L-(+)-T0 £ PR 25 St

WL

L1
L11 E#R. FRALKS|4)

E. coli K12, E. coli BL21(DE3)., E. coli
DH50 A SS9 2 (R A7 5 WEFE AR pEASY-Blunt
simple JJ H TransGen Biotech /A Fl; FikZIA
pET-28a(+) I H Novagen 3 Al ; ASZ5G i | PCR
1 Gk 1) REPEREM RS ML, th
AETAY TR (L) B AR FE .

Table 1 Primers used in this work

Primer name Primer sequences (5'—3’) Size (bp)
TKA_Nde1_F TTCCATATGTCCTCACGTAAAG 22
TKA_XhoI_R CCGCTCGAGTTACAGCAGTTCTTTTGC 27
R358N_F GAAAATCGCCAGCNNNAAAGCGTCTCAGAATGCTATCGAAGCGTTC 46
R358N_R CTGAGACGCTTTNNNGCTGGCGATTTTCGCCGGATTAGCCTGCAG 45
S385N_F CTGACCTGGCGCCGNNNAACCTGACCCTGTGGTCTGGTTCTAAAGC 46
S385N_R CAGGGTCAGGTTNNNCGGCGCCAGGTCAGCAGAACCGCCGAG 42
H461N_F GATGGTTTACACCNNNGACTCCATCGGTCTGGGCGAAGACGGCC 44
H461IN_R CAGACCGATGGAGTCNNNGGTGTAAACCATCACCTGACGCTGTTTC 46
R520N_F CACTGATCCTCTCCNNNCAGAACCTGGCGCAGCAGGAACGAACTG 45
R520N_R GCCAGGTTCTGNNNGGAGAGGATCAGTGCGGTCGGGCCGTCCTG 44
R3581_F GGCGAAAATCGCCAGCATCAAAGCGTCTCAGAATGC 36
R3581_R GCATTCTGAGACGCTTTGATGCTGGCGATTTTCGCC 36
H461S_F CAGGTGATGGTTTACACCTCCGACTCCATCGGTCTGGG 38
H461S_R CCCAGACCGATGGAGTCGGAGGTGTAAACCATCACCTG 38
R520Q_F CACTGATCCTCTCCCAACAGAACCTGGCGCAG 32
R520Q_R CTGCGCCAGGTTCTGTTGGGAGAGGATCAGTG 32

The bold and underlined bases represent the restriction enzyme site, and bold bases represent mutanted site.

http://journals.im.ac.cn/cjben
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FERF

PrimeSTAR Max Premix DNA Polymerase
R BREITENEE . T4 DNA BN A
TaKaRa 2\ 7 ; QuickChange 5 5 2828 12 51 £ Wy
H Agilent Technologies 3 7l ; DNA Jit [l i it 5]
RN 17 B PN EAE K76 W N i 1731 G 7 e
W H Axygen 2 H]; 5N IE-B-D-H AL 2L
(isopropyl-B-D-thiogalactoside, IPTG) . #T 4=
& PRUESE A Marker K43 F 204k 24350 310
BATAY TR () BhAERAH.
1.1.3 EFRERIEFREH

LB }i ot (g/L): MR 10, BEbkHEH
Yy 5, EALEN 10 (BEACEARIA 1.5%3E0E#),
pH B T BRI EE . FED 43 e bk b
Fto A SRR RS AR, AR S0 5 T
AFHRN PR .

AR TR BT S mL % LB AR
&, 37 °C. 220 r/min &% 55 F2 31K -

PSS TR: 2% (V1Y) #ERh A 50 mL
B9 LB B3k, WS &He &0 50 pg/mL Bk
& ZE, 37 C. 220 t/min ¥R F5 -
1.2 J53%
1.2.1 SFENFERIERE

BAGFAEYF B S (5 FekE st
B (G 4 W) ) #1778,
1.2.2 BHEFRN K EHEFILEHKREE

E. coli K12 HURHZRER =A%, 13 140 r/min
250 10 min WO TR, 48 4H P ik DR 21 42 U]
GEENA E. coli K12 FEN 4] DNA. LI E. coli
K12 BLR4H WA, TKA Ndel F Fl TKA Xho
I R 45191, PCRY ¥ the A FEK B (2 004 bp).
PCR =W 2 2k 50 & mlkUs , 2047 PR o e
B, FKEUTEME T pEASY-Blunt-tktA %4 T4 ¥)
TR (R By A PR w5 E (4 . the
A FEH R BERZR IR TR pET-28a(+) 43 31| Nde
1 Fl Xho 1 XYY, MM, T4 DNA i #: i

1.1.2

: 010-64807509

16 Cif4zid 7, 4 Bk pET-28a-tht A

A TR 4L E. coli BL21(DE3) J&Z 254
M, AT 50 ug/mL RIRE R EAH, 37 CH;
TR o PR, REUTORL, AU U] 55Uk
I, Mo EENRKIEK E coli
BL21(DE3)/ pET-28a-tkt A,

123 MMRESHAk

WHRMPRHAE IR, HERHERR
ODgoo 1 0.6-0.8, ALY E 1 0.5 mmol/L K
IPTG #4755, 6T 24 CHEIREEFE 17 h, 1E
4 C4AMET, 13 140 r/min 5.0 10 min, YR
R4, F 2.0 mmol/L, pH 7.5 ) TEA 2% ik
PRI B TRANN, ZEVKIA A5/ 68 75 ok e 4t g
(SCIENTZ JY 96-IIIBN, T i), & 4 C.
13 140 r/min #.0> 20 min ZRA0MEHE . FiE
WE L Ni-NTA # (ProteinLso Ni-NTA Resin)
alifh,, P4 DeSalting Gravity Column (4= T.4=
PTRE (R ROGARAA) B, HARHR
WA Al Bt B VR UL B 64T . Bradford BRI
HArE ), SDS-PAGE 47 EE 1184 — M
ioRUILS
1.2.4 BEENE

At i P T T 9% ) 2 38 5 pH-based (1) /7 1k i
87, LA B-BR IR R A AR Y, 4
il B A AE S, AE R COp ¥ T KB K
HCO; , SEUAMW pH FIF. DI/ hiss
M, SEEIE N AR RAE 560 nm Kb I IR
i, HIX/NS5EFRS HCOs B 7Ry = MIE
I 5 R B Y L3S 7 . HCOs FRifEfh 27
A y=0.141 8 x+0.319 09, R*=0.993 42,

FE AR GRS I E R R (200 uL): 7 96 LR
HIAFEHARERS 12 pg. D-HYHEE 200 mmol/L .
ThDP 2.4 mmol/L. MgCl, 9 mmol/L, =32,
B iz TEA (2.0 mmol/L, pH 7.5) Hl W} T
0.028 mmol/L, #RIAHIES]. A B-FEEE N R
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B 50 mmol/L, 7E 30 CHRM4TNiashin, HIE
10 s P BEFR AN 22 560 nm ZbYEIRAE , BiEbR
AR B Bl 3h ) e, R 10 s B
W, BriE HCO; Rl [a] 284k, 1y=0.010 85 x+
0.377 1, R*=0.996 1 DIHIHEEHE. 1 U MG
W RE SR RS BRNFEAE 1 umol W TR A
i) gries

FRBFTG (U/mg)=0.010 85%103 [umol/(L-s)]x
60 [s]x200x10°° [L/Af it [mg].
1.2.5 #EREEE S FiUE

W S. cerevisiae R 1) T P2 g i AR 25
Pl BRI R RS R e, B 4 A
M R358, S385, H461 A1 R520 i 55, #Hfr5Ar
JERIA . AT 2 TR pET-28a-tkt A WA,
R358N_F/R358N_R . S385N_F/S385N R .
H461N_F/H461N_R Fl1 R520N_F/R520N_R K 5|
Y, Sr5liEAT PCR V1S, 2595 H Dpn 1R
PE P9I T AR AR SR . B A R E.
coli BL21(DE3) &3z &4/, ¥4 F 50 pg/mL
KA E M, 37 CREFELE, o0l g
R358X. S385X. H461X Ml R520X 28748 ¢, %t
AL 4 pH-based 1L HFAT =il O, ARHUAE
ACAEBE IR 1L I W 15 VA = i 2 A8 g, 16 A TR
P TAR (B s A R A wl )T . 78 S i
b, AT G E SRS, A T T P T 3
PR AR JES 0 3
1.2.6 EEMRIERN pH FIRE

PR 1.2.4 7 kI S A I e i e 1 e 3
pHo MPEEA W NE AR 2.0 mmol/L #715
BRE 2 0 (pH 3.0-6.0). 2.0 mmol/L () TEA
ZZM (pH 6.0-8.0). 2.0 mmol/L Tris-£hMR %%
M (pH 7.0-9.0) F1 2.0 mmol/L Gly-NaOH %%
M (pH 9.0-11.0).

TEfGE pH 24T, #IR 1.2.4 Jrike %
) o I S N7 P e 3 U B o IR R B AR LR
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20-60 C.

Bl E T 30 'C . 40 CHI 50 CARIBH AL
FE 20 h, SESEUE, JFLARZ A0 H A BTG i
S 100%, 5 HAAL B T 4% 1 BT o
1.2.7 OZESENE

TEfiE pH FIREESAF T, g -k
Fili 5 480 R M B g 0.5 mimol/L, D-H I B ok
4 0-0.5 mmol/L, MIZEEY) p-THMEER K. i
F Vinax 1EL; [RIREML, [5E D- T I0 P i Wk B R
0.5 mmol/L , B-F& & N i f2 21 09 Wk &Z N
0-0.5 mmol/L, MY B-F2FE N ERIREE 1 Ko
LR Vimax TEL
1.2.8 IFERAER 1L RN E

TEfE pH AR SR, DL 5-KGA fE N
LRI, X2y PR, . . 2
PP . D-H M . L-H I . D-IREENE . D-#%
BEIEA TN R AR B e Tl Pt ol T TS 40 32 AR £ AR
TEPEPH SZ AR
1.2.9 #EREEEECEAREENEK

20 mL S AR R AL R AR 1.2 mg.
ThDP 2.4 mmol/L . MgCl, 9 mmol/L . TEA
(2.0 mmol/L, pH 7.0). ZKJEHY 50 mmol/L Fl
5-KGA 50 mmol/L, 7E 32 C#fF T 4 h,
RWEER G, A 3 f51AF 60 mL Ay EE, Jf
T-20 CUKFLH, HEAZETINE. SLhiesk
KR EBEHEEEOTE, AREEND. #
TEMRARLEZET IS, A 2.0 mL 44Kz f# . R
HPLC #:5E 5-KGA | B AR SR, 3
W bR AE R LR TR y=155.569 88 x—102.937 74,
R*=0.998 65 1144,

2 BEREAW

2.1 KIAFEFEIIERESE R the A HRES
Rk
FR A 25 E E KA HEA(F Bty (National
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Center for Biotechnology Information, NCBI) H?
E. coli K12 FEHAH(FE (U00096.2) . il Bt
H tkt A (Gene ID: 947420), J¥ 3K N
1 992 bp, BEHEMH (YP_026188.1) 4> TN
72.2 kDa. %M 1.2.2 J5 ¥ A & 4 ROk
pET-28a-tkt A. PCR j=4¥) . BY) B kAN ¥ dn
Bl 2A. 2D fon, st 5 B R the A FEA
—3, JPHIIEW. K E AR pET-28a-tht A %%
A E. coli BL21(DE3) /&Z MM, wEHE
HE E. coli BL21(DE3)/pET-28a-tkt A. % IH
1.2.3 Pk x B A W b T5 T 3Rk K alifk,
2B, 2C, EHAWLAMWE IPTG (0.1, 0.2,
0.5. 1.0 mmol/L) iFRiE, WML
HWAMTLTE FT 8 mol/L MIIREFEW) T
SDS-PAGE 43 #1 &, 0.5 mmol/L i) IPTG i
RORBSF, iRk, MERS Ni HoE
HMUZHr LR, 193] 72 kDa AYB—454F, A

tht A JERAE E. coli BL21(DE3) W R{Ih#iA,
2.2 4EEAEEES TKTA RN S AL

HARMET, e B WA 2 206 & A
FEM kBN S-ER K ERBE L RS B 4-TE TR
AREERE S S-BERRAZNE , T UM N Y 22 35
Wio DR, A R A R . 2R F R
BERR AL B ARIEY) . X FAEBERRIL IR Y, H
AL IS MU B R L R E 42— e
S YR TR B i ) H30 . H103 Al H263 5 Z K
Y Cl. C2 J& C3 M&5& 5L, S386. R359,
H469 F1 R528 M| 5 37 14 JIE Py e 1k 3L A () 45 &
A & (INGS. pdb, https://www.rcsb.org/structure/
INGSP, i Z A Xt (| 3) kKB, E.
coli K12 1 S. cerevisiae 5% [ 15 B 14 L& ~7 2
KF 70%, Hr R358. S385. H461 Fl R520
5 S. cerevisiae K5 TK JIRYIBEIRLE G0 584
—3

C

123 45 6 7 8 kDa 1 2

97.4
66.2

43

4621

[ I S 1L L]

500 1000 1500
thtA

L |

2 E.coli K12 ¥ FRESES the A BETIE . RS54

Figure 2 Clone, expression and purification of tktA gene from E. coli K12. (A) 1: PCR amplification of k¢
A gene; 2: double enzyme digestion to verify the pET-28a-tkt A. (B) thkt A gene expression induced by
different IPTG concentrations (1-2: 0.1 mmol/L; 3-4: 0.2 mmol/L; 5-6: 0.5 mmol/L; 7-8: 1 mmol/L), in
which 1, 3, 5, and 7 were soluble expressions, and 2, 4, 6, 8 were corresponding insoluble expression. (C) 1:
TKTA after Ni-NTA purification; 2: TKTA after desalting. (D) Sequencing of tkt A.
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Figure 3 Sequence alignment of TKTA enzyme from E. coli K12 against TK (INGS.pdb) from S. cerevisiae.
Black box highlight (H30, H103 and H263), C1, C2 and C3 of acceptor binding site; blue box highlight
(R359, S386, H469 and R528), acceptor phosphate binding site.
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H461, R520 7390 12 A1 15 () p-Ir&IX,
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Figure 4 Coenzyme and substrate binding site of E. coli TKTA. (A) The structurally defined sites (green),
and the phylogenetically defined sites (cyan), relative to the ThDP-cofactor'>). (B) The residues related to the
ThDP-cofactor and erythrose-4-phosphate (E4P) as it binds®*.

*®2 EAIESRICRYETERSHREREE

Table 2 Comparison of specific activities on non-phosphorylated substrates of top performing mutants

No. Enzymes Specific activity (U/mg)  Specific activity related to WT Percentage frequency (%)
Control WT 0.71+0.02 1.00 100.00
1-1 R358P 0.92+0.03 1.30 47.50
1-2 R358I 1.14£0.11 1.61 22.50
1-3 R358T 0.87+0.14 1.23 30.00
1-4 S385G 0.79+0.10 1.11 77.50
1-5 S385P 0.85+0.21 1.20 22.50
1-6 H461T 2.87+0.08 4.04 12.50
1-7 H461S 3.54+0.17 4.99 15.00
1-8 H461Q 1.12+0.13 1.58 72.50
1-9 R520V 2.14+0.25 3.01 22.50
1-10 R520P 1.52+0.04 2.14 20.00
1-11 R520G 1.46+0.15 2.06 25.00
1-12 R520Q 3.03+0.27 4.27 32.50
2-1 R3581/H461S 4.15£0.11 5.84 -

2-2 R3581/R520Q 3.82+0.21 5.38 -

2-3 H461S/R520Q 4.884+0.09 6.87 -

2-4 R3581/H461S/R520Q 6.57+0.14 9.25 -
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Figure 5 Effect of pH and temperature on the activity and stability of wild type and mutant TKTA M. (A)
Optimal pH. (B) Optimal temperature. (C) Thermal stability, black means 30 C, red means 40 ‘C, blue
means 50 ‘C, full means TKTA M, blank means wild type enzyme TKTA. (D) K4 and ¢,» of TKTA M.
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Figure 6 Michaelis-Menten and Lineweaver-Burk reciprocal plot of TKTA M with different substrate. (A)

B-hydroxypyruvate lithium. (B) D-GA.
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#* 3 EHEF TKTA_M BIEh HFESH (32 C, pH 7.0)
Table 3 The kinetic parameter of TKTA M (32 C, pH 7.0)

Substrates Viax (Lmol/(mg-min)) K., (mmol/L) ke (57) kea/ Kiy (L/(mmol-s))
HPA-Li 0.93 0.17 1.12 6.59
D-GA 1.40 0.26 1.68 6.46

x4 FRTE TKTA_M BHR N ZHEERY
Table 4 Substrates scope of TKTA M

Substrates Specific activity (U/mg)
Formaldehyde 1.29+40.02
Acetaldehyde 0.60+0.08
Propionaldehyde 0.13+0.03
Glycolaldehyde 4.09+0.44
D-glyceraldehyde 3.72+0.41
L-glyceraldehyde 0.091+0.021
D-erythrose 2.64+0.23

D-ribose 0.28+0.02

H3E 4 2558011, o 7 HoAFRIE H SR R
R H BRI — 2 SZ AR TG P i, N & e
((4.09+0.44) U/mg). D-HIHEE ((3.7240.41) U/mg),
ML o LA AR AR H R S 1
R — B2 KR m G A s, W g
((1.29£0.02) U/mg). ZF ((0.60+0.08) U/mg) FlI
L-H B ((0.091£0.021) U/mg). [FE, BEE
ZARIEY) R R, ZTEE P AR BRI
FU G 2 WA, iR TKTA M B 5 B 32 MR
BETR AL IS Py AL TG 1, AEATS 32 IS A R TR A
SRR/ BRE . Ji4h, BT EHAR Y N
5-KGA, TeorFasmgsity F R RT B-# AL
FRmREE, {7548 ThDP 5tk 2 8] 423 (8] {3
35: 0/ NI X P Py 1 3 A
2.7 TKTA_M #EXBEABRFEBAIE K

o SCHRIRIE P, 7 A W RS ) 11 48 B A
WFRBLAFTEE — S fRAy Y S L IR AR 5L, (A5 A
[Fi) >F T 1) e Tl 2 Tl 50 26 AR W) IS, Gk
J FE L T B A O SR ke U B B R R el
2.4.3 ZERATH, LI S-KGA 1ENHARY, &
PP A IR Fre A S G 1, BRI, FRATT R S
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BEAE N TKTA M ik 5-KGA (2 KKY .
W8 1.2.9 %, 7632 CRRM 4 hi, 4 HPLC
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3 3tk
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WA BRI RTIRY B, WA R, Mk
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IR, KBRT His MIE AT, R BRI
R S g A o X D-TH b EE A0 Eb Bl S I
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