m Ll @ ALK
’ M Scopus o v RS S RHB 9
G2 b 3 @DOAJ @1t ISR B IS TPCD
MEBSCO  WibHBA AN HRCCSE

SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA o ST % (WICT) 4%
M FSTA o & SRR S TR T R I g H 3 55— 5B T1
HF ISSN 1002-0306  CN 11-1759/TS 7 IST

HHM B 24 A LB 2R

WARE, TN E, RE, AR, KRB

Whole-cell Catalyzed Production of L-tyrosine in Recombinant Bacillus subtilis
LIN Weichao, SUN Wen, SUN Xiaoxuan, ZHU Xianfeng, and ZHANG Baoguo

TEZR R BE View online: https:/doi.org/10.13386/j.issn1002-0306.2023120110

FRAT RRIRGERE HAN SO

Articles you may be interested in

R REZEAUAT I B — H 82 R REAY Rk ik b d 2l MR SR AT 52

Cloning,Expression and Characterization of Recombinant 8 —mannanase from Bacillus subtilis

£ Tl BHE. 2020, 41(6): 88-93,105  https://doi.org/10.13386/1.issn1002-0306.2020.06.015
B — A ARG R RO IR A . Wl PR B AR A 1l i ]

Expression of Recombinant 8 —Glucosidase in Bacillus subtilis and Its Enzymatic Characterization and Application in Preparation of

Icariside 1T

£ Tk BHE. 2022, 43(6): 133-140  https:/doi.org/10.13386/1.issn1002-0306.2021080167

S A B AT B 1) LT RR 55 B I L R
Synthesis of Glycolate by Bacillus subtilis through Glyoxylate Bypass Pathway
B TR 2023, 44(20): 143-151  https://doi.org/10.13386/j.issn1002-0306.2023020003

21 g R 1 i T ) 8 A e 2 R TR A 2 5
Production of Bacillus subtilis Microbioecologics by Fermentation of Hongqu Residue

i Tl RHE. 2022, 43(10): 140-148  https://doi.org/10.13386/j.issn1002-0306.2021070218
M 1, TR A A R ZEFLAT PR TG PR B e T2

Optimization of Fermentation Conditions of Surfactin from Bacillus subtilis by Response Surface Methodology
B TR 2022, 43(12): 146-154  https://doi.org/10.13386/j.issn11002-0306.2021100025

Comamonas testosteroni 5—-MGAM—4D A4 IF 7K 15 BHE D 5L 4H R0 i 2R 10 5 W0 G A 2 R fre AL 05 1k
Whole—cell Catalytic Activity of Nitrile Hydratase on Nitrile Compounds Derived from Comamonas testosteroni 5-MGAM-4D

£ Tk BHE. 2020, 41(24): 94-99  https:/doi.org/10.13386/j.is5n1002-0306.2020030127

KEMAF AT, PAFHE L


http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023120110
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.06.015
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021080167
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023020003
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021070218
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021100025
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020030127

5 45 % 4 22 ) i Tl B Vol. 45 No. 22
2024 4F 11 H Science and Technology of Food Industry Nov. 2024

ARARE, PN, PR, A% HR AN B ZF R TR 4 20 A 1L AR I LAl R (0], B Tl B, 2024, 45(22): 116-123. doi:
10.13386/j.issn1002-0306.2023120110

LIN Weichao, SUN Wen, SUN Xiaoxuan, et al. Whole-cell Catalyzed Production of L-tyrosine in Recombinant Bacillus subtilis[J].
Science and Technology of Food Industry, 2024, 45(22): 116—123. (in Chinese with English abstract). doi: 10.13386/j.issn1002-
0306.2023120110

-EYTER -

HAMFEFRETE SRR L-BRER

WAEER, PN BV INERE ", SREIE, SkRET
(1. T K5 A A 510, AR R, 7 dIF 3 475000
2P AMFR LAESFHRR, L& 201210)

M E: 86 AARHE-HRITARZIFRAAE TS, RAARE . RARA RN RY 2@ LR LB £ 5%
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Whole-cell Catalyzed Production of L-tyrosine in Recombinant
Bacillus subtilis

LIN Weichao?, SUN Wen"?, SUN Xiaoxuan"?, ZHU Xianfeng"", ZHANG Baoguo™’

(1.Institute of Microbial Engineering, School of Life Sciences, Henan University, Kaifeng 475000, China;
2.Shanghai Advanced Research Institute, Chinese Academy of Sciences, Shanghai 201210, China)

Abstract: Objective: This study conducted a recombinant Bacillus subtilis strain capable of producing L-Tyr utilizing
phenol, sodium pyruvate, and ammonia. Moreover, the conditions of cell culture and catalytic reaction were optimized to
improve L-Tyr production. Methods: The tyrosine phenol-lyase (TPL) gene from Pantoea agglomerans was codon-
optimized and successfully over-expressed in B. subtilis. The conditions of induction and whole-cell transformation were
optimized using single-factor experiments for L-Tyr production. Results: The highest TPL enzyme activity was achieved
4.65+0.15 U-g! in the recombinant B. subtilis at 20 °C with 2.0 g/L xylose after 36 hours. Under the whole-cell
transformation conditions of 75 mmol/L phenol, 75 mmol/L sodium pyruvate, 487 mmol/L ammonium chloride, 2.0 g/L
sodium sulfite, 2.0 g/L EDTA, 0.08 g/L pyridoxal phosphate (PLP), wet cell mass of 50 g/L, pHS8, and 35 °C, the L-Tyr
production increased to 9.38 g/L with a conversion rate of 73.24%. Coping with the issue of decreased TPL enzyme activity
caused by phenol resistance, a batch feeding strategy was implemented during the whole-cell transformation, resulting in a
final L-Tyr production of 15.12 g/L with a conversion rate of 75.51% after 20 hours. Conclusion: These findings
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demonstrate the successful conversion of phenol and sodium pyruvate into L-Tyr by the recombinant B. subtilis strain. The

study would provide a theoretical and technical foundation for the production of food-grade L-Tyr using whole-cell

biocatalysis, highlighting its potential for practical applications.

Key words: L-tyrosine; B. subtilis; tyrosine phenol-lyase; whole-cell catalysis

L-% &1 (L-tyrosine, L-Tyr) J&e—FF 3k a-55
TG IETR, FEMR PN 2R S &R 3k fb A i, m] A
TESAH AP h SR G A, 8 T2 075 2 5L,
SORVFZAR E BTG BT BT, T AL E TSR
IR . L-Tyr XM E HA W EN, &
RO PRE . XHE DIRER LSRR RS
WERP A-EG MR, AT THIHATE R T S
T, TR R R AT LA I e 3R 17K, A
TR R RO R g iz 1 A8, BRI, L-Tyr 7]
FHVEREE AT, A, Sea83d ) (5 uEss T L-
Tyr FHMLLLZRIB G WA 50 T BA i RbiE ik
YEF, iX B L-Tyr FEPU RSP TR el i el 2L
A EZAINFHME . L-BEE2RRIA T DIVE R ESEEC . A2
e B/ E RS G b TRIA, T g s ZETE 2
EL AN o 2 R PR S ik i) S Al 5™

H A, E AN L-Tyr B9 F= 58RI EE N KRR R
F BT PR RIS, BRI R SR HR 9 EUs A IRk, f
AT . Heds . 255 . IS0 BRI, S Es 1R
B L-Tyr, & H BUK e S 27 FOEEA FR . 77 5
M2 4% Iy E SR, BR T 8 H K g
2, L-Tyr 1A=y i 45 fhg G ik . Rk
[ CRE R S W R gt 2o sy e 1| B Vs 7/ B P4 N E )l )
DL-FSZIR, Wiik— L3755 . Ab2# G Buidkn) T 2w
B SRR, —BATE ] Tl Az p=t 12, Kk e
F& LAA= Wy sl Sk ok, dm i Ot R E YRR E S
RIS R R Bk B -2 IR, 7F Ping 25 (ot
S, 38 A AT B A A AR R SR 1Y) # 5k,
SR B T A SRR IRIR A . FEd 48 h YRS FE
Jaf9E] 7.11 g/L 19 L-Tyr. A A2l a &gk
B EATA I et , o7 i bk o 22 M ] L% 2018
P 7 IR T, SEBR AT PR AR YR A 7 L-Tyr, th H 455
3.1 g/L L-Tyr", BEEEA =1 L-Tyr P AN E, A
HAE TN FHMME . Bk 248 R A= P 4n i
PN P 20 By SR IR I . TN ERPR AN 5516 R -1
IRV, e T AR 1 s . %I IR R
XoF PG TS5 G H SN S5 R AR L A58 T, (Hdufr e

TR E T2 . IR PEA T BT, JIT LB AR SN 7E
KIGFTFe Pk TPL 5, A S m s+,
il It A= g e b i Jr X5 8] 16.17 g/L L-Tyr, 1M
Xu ST S AL PERE LAY TPL J-4E K IGFT
PN RIS, BB S s HEAb R 348 T 48.5 /L 19
L-Tyr. Li %S ¥ L-ZLIER (L A1 TPL 76 KW
P TP L FRIA Tl 48 L-pg 2B M IS . AH% T3
A7 B AR T DL Hil 48 L-Tyr, WA G 4%
10,5 B B3R 8, TEARSK L-Tyr A2 7758 BRAFRT 5.
H i, 2Pl AE 7= L-Tyr BIWFsR #4E b T K +T
PR, RIAAT T S Rl e i A R I Rl H LR 523 18), 335
FEWIREA o (B TIGAFPRE R L- 12 1 A = TR
FEAEB WE TR AT Yo TN FE R G528 4 [n] i, i &RF
BRIEE AL IAR AT L-Tyr ZEEDS . BE2540Hs AN

IR0 o He S L /AN I =gt I DA S R = T
B4 A S N = TN 7 oOa SO e 7 M U (1 o R R o

R AR RR L SOR B IARLAS . I RIAR GO L
Wz I H AR 2R B B
o R ) A R0 AR SR IR T Pantoea agglo-
merans 1% 1% B2 1) 244 i (GenBank: AAB24234.1)
TEANTE AT B. subtilis164T7P Hhpafegeikl, 44
FEFELH AR B. subtilis164TTP-pMK4T7/TPL, W&
ZHAL L ZEHIAT B B. subtilis164T7P-pMKAT7/TPL 1
S A A AR AL T FA DI ERTR . 2RI F 22k Al L- 192
iR AR T 3R L-Tyr A= RS S5 37 414
UMM SA A TITTE o IO B UK A B 2R HOAT
PR FE Ay =X T L-Tyr iy, A asiim
AR SR AT A S AR A A il A L-mE 2R ) Tl
O FHEE AL T BRI LA
1 #MR5RE%E
1.1 #RSEE

A S ZEAUAT B B. subtilis164TTP ., 5K, pMK4-
T72, Bk pET-28a(+)/TPL  NELIGZ AR Kz
FFE DHSo B2 24 S ELlf 2 X phanta Master
Mix. [FREHIEF G  wHMEPE YR (R0 Iedsy

O

(6]
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OH ©/ TPL OH
+ ‘——‘ + H,0
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Fig.1 Catalytic synthesis of L-Tyr by tyrosine phenol-lyase
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AR BRHIHAZ IR N VIR TaKaRa 2\ F; Axy-
Prep TM Plasmid Miniprep Kit, AxyPrep PCR TM
Cleanup Kit ZB#HEWHARGUHDBERAF; R
H BCA &M iR & AT R8s Ak
UyA BRAS T 505 . INERAREN . D-AKE . BRI 1 |
WHELHREN . bt . 2 M 2% (EDTA) . 5 5
FEWE R-250 A siMAERHE (DA RRAF oS
Stk = A 3L7RAE AR (CTAB) | BEiR &40 R A —
o ZRIRE () A R F]L L-BS iR ST
ali, ZEFEFHE LD AR A

DK-8D M =FLHHEIR /RGN i sl
[ BRE 54 BRA T EPS-100 ZRRHL KA. FiERAE
B AR F]; H1750R mRE & =N B LPL I
WAL LB = ANER T R AT RN F]; GET3XG L P 1
A ATIHAATERE A BRA F s LC-20A S330RF (A
{¢  Shimadzu( H4%) 2\ ] MLS-3780 15 AR K P
#% SANYO(HAR)ANF]; ZQZY-78BES ¥Rz 15 F-4H

MG HEA S A BR AT

1.2 EWHE
1.2.1 FEFRELAECH] AN ZETRAT PR B IR SN R
B R LB 553 8L, HiZH 4528 5.0 o/L BELEMs .
10 g/L FE AR, 10 g/L ks, BEZEKE i, ARz
FESAEFHILAE_ LU 2% BB o
1.22 5¥iit DAY BURL pET-28a(+)/TPL
i PCR #i4, T7 1 T7t 514, PCR ¥4 . PCR %
REZAAFUNTTR: 95 °C TiAEHE 5 min, 53K 1 ¥ 95 °C 28
T 15 s, PHE 30 ¥k; 55 C iRk 15 s, P 30 ;72 C
HEAH 30 YK, 2 kb/min; fixJ5 72 °C ZE{P 3 min, J§EF
1 %5 16 CPHH 1 IR, B 87k & iz
YHARA RS w1 F 5 2517 Blast J3 8 Hext . ARPE
FEXH 285 5 S o (9 B I 405 B, #64F EcoR T . BamH
I REGYISL AL, Bt I Gl — X7 G B IR 5 4
pPMK4-TPL-F/pMK4-TPL-R, JFFI&% % 1,

R ARHTH RIS

Table 1 Primers used in this study
Elk/E s SIHTA(5-3) K/ (bp)
T7 TAATACGACTCACTATAGGG 20
T7t GCTAGTTATTGCTCAGCGG 19
GAAAGGAGGATATACCGGATCCATGAACT
PMK4-TPL-F ATCCTGCCGAGCCT 43
CGGGCTTTGTTAGCAGGAATTCTTAAATA
PMK4-TPL-R AAGTCAAAACGCGCAG 45
T7N-TesF GTGAGCGGATAACAATTCCCCTCTAG 26
T7N-TesR GTACTGAGAGTGCACCATATGATCCG 26

T AL R RIZERR

1.2.3 HEEEHIFRIRER  LASUR. pET-28a(+)/TPL
MR, pMK4-TPL-F A1 pMK4-TPL-R 475 |4, PCR
P4 . B R pMK4-T7 JHBRH11E: PI VI EcoR 1/
BamH 1 YUJ#E|. BEUI =4 F1 PCR F=4#RH AxyPrep
PCRTM &S IAFI & alifbEN DNA . #R )53 R[] IR
AR GV kAT — B ek e . ™

W% N E. coil DH5a [BSZ S AU, ¥4 T 100 mg/L
AP . 37 °C fHIRE;FRIE %, E. coil DHSa
IBZ ML T S B 5 AT B ™ k.
5|4 T7N-TesF/T7N-TesR X} BH ¥4 %% 1k, 7 PCR %
jIE, PCR Z5 5% & g N2 AE W HE AR A RAF,
LABGIE H 20 Tk, pMK4-T7/TPL J& 7 il Ihi as . #k
BB P 25 SR E A 1 B AR SR EUSTRL pMK4-T7/TPL, %
A B. subtilis164T7P JEAZZ5 P, IR16 T 100 mg/L &
TR EPIMAR, 37 °C iR I% 3%, B. subtilis1 64T7P 3%
2 AU A £ AL T S 01 R T s
T HRECH S AL FHE T PCR BIE, SolFgh ik &=
AR ZE A HRAT BRAS AL R 45 S5 TR A 1
W BBk B. subtilis164T7P-pMK4-T7/TPL 4y 44 A
KC-TPL,

1.2.4 EAWEFHEFEEIRNRIBEIE  ERE IR RIA
PERK B. subtilis164T7P . 25 PSR RREER B. subtilis
164T7P-pMK4-T7 FlF5 3 FRIAE MK KC-TPL [A]HJ 3
TSGR EE, BB

1.2.4.1 HERE:FE B B. subtilis164T7P . B. subtilis
164T7P-pMK4-T7. KC-TPL ) £& , Pk B B o5 i T
3 mL AL LB, e 37 °C PEIRIR Y 35 9740 .
200 r/min 53¢ 10~11 h, L 1%(V/V) iy Fh B4
£ 100 mL LB ¥ 37 3L f, 24 ODy,, ik £ 0.8~1.0
JE L, MW E N 1 g/L i D-KEFiHE S, 575
37 °C. 200 r/min F535F8 5 T 1537 24 h, B egsh
J& 4 °C, 8000 r/min B5.0> 5 min WAEEIA,

1.2.42 PR I UK S  KC-TPL WYRERE T
1S R OGS . FERERRAN B 2 1T, T 2t
AT =R BRI B R . R SE U, KR
fm L 5000 r/min (435 3 250> 30 min, BUASTTHE A H
1 mol/L pH7.0 ) HEPES ZZ Py B 5. vt
P EAE VIR S5 F AT, M S50k =
3 s, [E]FE 5 s, AT 4 YK 20 min, IR K 130 W, i
PSS UE . FE AR LA 12000 r/min BYEEETE 4 °C B0
30 min. _IEWE A T ok B A BCA & (A HeEE
AE T ARSI B P e BE R AR R A R R . o
LERSEA LA BIRA SN 5 min, FFLER
Jin 10 pL AR E] 12% SrESHEAT 5% Wedae . Bk
M58 90 V IEAT 20 min, RIS VIHE] 160 V H,
VK 100 min. H UK EE S o 25 B 375 i T v s 68,
1 h, Bl RO A T AR 3

1.2.5 BEEERE  TPL BRGS0 5 S R R s AR
R8T T . B 0.1 g KC-TPL @4, in A
10 mL Sz AR Z PN I 4 5T 3280 1%, 4% 193 JoT 2
51E 1%, 0.125 g/L PLP, Z/K ¥ pH7.4, 54 30 °C,
200 r/min 54T FHEATEEIE SR, 30 min J& FHMRER R
LR ) 0, ) FH S RSO AE (6,352 (HPLC) A f2
R L-Tyr FIHREE . TilTE 2 O LR T &
e P AE AR 1 pmol L-FES 2R Frs 22 iy ik —
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RS RAAL(U) o

HPLC Kl 5144 taii A Agilent C, g #:(4.6%
250 nm, 5 um); WaAH V(8.5 mmol/L Z BRENE UK
(BRI E pH=4) ) : V(I EE)=4: 1; SL/MEII P KN
230 nm; ik 0.6 mL/min; PEAE I 20 pL; AR =
I S
5 ST B KT 5 B AN A(U) = —

Txm

2 n OSSR B L-Tyr MO5EE /R
¥, umol; T BB [E], min; m S ITA W AR R
TR, g;
1.2.6 i 22 1R 1y 24 fire Pt 0 ki R 2R A4 B rh 2Rk Ak

TEABE TS B BE, BB TPL 3k 52 i 8 KAy K]

FIATIISY, 3 BJEREFRIEE (20~40 °C) . BEFEIH]
(12~60 h) F1F5 T35 (0.5~2.5 g/L)
1.2.7 SUFLA0-G il L 20 w44 22 2 r At
b KR BE 24 h )5 TR ES O ISR T AR, Y2 T 16~
24 hJ5 7€ 37 C FEIRH 1.0 g/L B CTAB 4LFE 1 h
JE VR U —20 C £ H o A4 f5 b A &=
(10 mL): # 100 mmol/L Z£; . 100 mmol/L TN AR
4. 650 mmol/L S k¥ . 2.0 g/L Na,SO;. 2.0 g/L
EDTA. 0.125 g/L PLP F 50 g/LL KC-TPL &4 g%
A 0.1 mol/L B§MR S i v, IR N 45 14: T=30 C.
pH=7.4, ;X )% 10 h J5 il A 1.0 mol/L NaOH ¥ fi# 1t
VE, F HPLC K5 52 i i b L-Tyr 9 & HE . 44
FAbBT B A 5 52 2RI REte BE (25~150 mmol/L) |
FRANMIHEE (20~70 g/L) . IRV IR (20~45 °C) . I
WIhE pH(6~9) FlfAE PLP ¥ (0.06~0.14 g/L) .
1.3 BN

AT SIS EAE 3 R, AR S 5 R Excel
2019 FATEIRSETT, FIA IBM SPSS 25 BYBAR 27
2553 BT v IR -8 2 A R AT S S P dr
(P<0.05), JH Origin 2022 ¥4 .
2 FERS57Hh
2.1 EEMEFMME KC-TPL FEE

R 1.2.2 iy s g i TPL 2K H B,
Blast 2% 5 i 71 1 220 R 1 24 i Tl 1< 52 4 1371 bp,
TPL F Bedfi A F| pMK4-T7 #4419 EcoR I . BamH
I BgYI7 s 2 \], 733 )Tk pMK4-T7/TPL, 20 2
FiRe RIBFLIARSFE R TPL 3K AY50R. pMK4-T7
SRNTRR, A3 SR ZE B, subtilis164T7P Th3ik, 1R
FEL KA SN 3A FTas, B4R A ZEFAT B R S 4%
T BN H AR A BER/ A, P ab Rt R AR &k
G2AR o EENS B. subtilis164T7P . B. subtilis164T7P-
pMK4-T7, KC-TPL #% I J7 % 1.2.4 75 & FN WL %,
SDS-PAGE £55RE 3B s, 5425 X REAHEL, E4H
PHAE 50 kDa 37 B A I B ARS8 1 2%, SHLG
{EFEAR—2, W] TPL ZLHAE B. subtilis164T7P H1

T7

_~TPL

cat

—T

repC \bla

K2 pMK4-T7/TPL k3 M Fok £l
Fig.2 pMK4-T7/TPL expression vector

Bkba M | 2 3

130

93
70

55
TPL
40

30

22

K3 TPL 5akE(A) 5K (B4R
Fig.3 Results of TPL cloning and expression

1 : AJKkiE M: DL 5000 marker; ¥k 8 1~2: TPL 5 [ &5 3
B. Yk i M: protein marker; VK i 1: B. subtilis164T7P H i ;
Yk 2. KC-TPL #l B ¥ ; 7K i 3: B. subtilis164T7P-pMK4-
T7 R -

22 MBS AESEAMESFATEPRIAMK
#R

2.2.1 FEFFIRBEXT S 2R My AL B AR 52 1
SR K Wi A P 5 ST TR 1R DA R AN B 1 A R R A
BIHEMA] R TR AT AR R A RO A
O AEIREE BT RIEE, B s, [RRE,
RSP R EUE L R LS . REH M)
B, R RE DT 1.2.4.1 INAGE SR, 4 BITETR
JE 20, 25,30, 35,40 C &M M FHEMAERIL, b

a

100

fesd
S

g
60
=
% 40
20
0
20 25 30 35 40
KRR (°C)

4 BRI A B AT T TPL 3RS0
Fig.4 Influence of incubation temperature on the expression of
TPL in recombinant B. subtilis

e AN FRFOR AR B 25 5, P<0.05; 5] 5~ 6 [Fl.
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B TPL 7EARRERE ST T IBES, 25 R aniE 4 s,
MEEFEIEE Sy 20 °C B (BEER 100%), TPL S
I S T HAB IR, BEE M 20 °C 3] 40 °C FEE B
TRLBE B THES T RATS, PRI 20 °C Ay 2H A BT 2 F AT 1
Fan BRI

2.2.2  FEFEEFEDA S R I AL Ak se e B
FEBTAI SR B A A ROIRAS, X B4R FH AR BR5K
SR HBEE R AN BT IR () g, WA R
Syl i aniis e, s A ROk
A2, I HLPEAAS A SR 32 R PR
FEAER S BEAR H AR B, AT X il 0% 7= A 5
Mol FERETTYE 1.2.4.1 IIASB SR, 43 90HE 12,
24. 36, 48, 60 h A~[FE]YiF5 S0 ] H— 22 = 1Y PR AT
ATEEE IS, 255N 5 R, SE5FERHAMIR T 36 h
sk, TPL BB W, 36 h i ik 2] fe AR (BETS &
X 100%), BEJS Bt 36 h J5 TPL g% IT 4R FEAIR,
AT REJEAS T 2R A 3R 5 W p AR = 4 B SR R i
RIS, HIRKA SRR 36 h BT LA 5 2E/0FT
AT RS g scsg .

o0f . a
80t
X
gz 60f
=2
E 4

20

2 24 36 48 60
IR (h)

Bl 5 BESRIHRDO AN 2 AT P TPL RIK 1520
Fig.5 Influence of incubation time on the expression of TPL
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