s (R 22 R H s R S8 T- DR e

PR R X O S 1 7 i SR -

(1T R2E TAAEYEARBE T EHSLR S VT IO 214122;2. 715 K22 A4 T RE#Be 7195 JoB) 214122)

WE. ATRLBFRFTEZN I LA AR EPAXRAALE AT EFERBMIEFTH TR
PR, WEHGRBEAM SR FTRLEFOARNIBRFHA T2 EL, ALidd £ E 57 M
OB 2 B ATCC 20336 A B 40+ ¥ 38 13 5] — A B A 42 3 0% 1k 09 BF Bt W oh B B A R
(PGK1) B3 F , A BRI R AL ERHE G (yeGFPI)EAMEA R, B S B R TR LB LR
40 IFat R R GA FE R AR ilit 5 & 300,550,750 bp A= 846 bpd A K E 64 B F T K K5 A
F A yeGFP3 , #:40 XZX 78 £ H K13 P-1 P-2 P-3 fw P-4 £ 4 NI T X LR ML R AN,
K& BT REGRLE, RABITRIG, 37 3 MNEAT 945t & AR E S A A P-4 49 4.98% .,
9.84% %= 48.4% , R B 547 T 4 NEALT 49 yeGFP3 # F K -F, #HFKF 554 P-4 8 5.6%.
13.8%#= 60%. #1% ¥1 i PGK1 &3 -F £V H /& 2 N L& 5 5) (UAS),
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Characterization of Phosphoglycerate Kinase Promoter from
Candida tropicalis

ZHOU Jingyu'?, CHEN Xianzhong™*, ZHANG Lihua'?*, SHEN Wei'?, FAN You'?
(1. Key Laboratory of Industrial Biotechnology, Ministry of Education,Jiangnan University, Wuxi 214122, China;
2. School of Biotechnology, Jiangnan University, Wuxi 214122, China)

Abstract: Candida tropicalis is an important industrial strain and can overproduce long chain
dicarboxylic acid. However, genetic manipulations were still difficult because of lack of effective
expression elements such as promoter and plasmid. Therefore, screening novel promoter is of great
significance for metabolic engineering of C. iropicalis. In this study, phosphoglycerate kinase gene
(PGK1) promoter was cloned from C. tropicalis ATCC 20336 and its function was investigated. The
846 bp PGKI promoter was fused into a yeGFP3 reporter gene and transformed into C. tropicalis
XZX host. The results showed that promoter could effectively regulate yeGFP3 expression. Then,a
series of truncated promoters (including 300,550,750 bp) were cloned and used for expression of
ve GFP3 reporter gene in C. tropicalis. Transformants harboring various integrative ye GFP3 reporter
gene cassettes were obtained and confirmed. The relative fluorescence intensities of 300,550,750 bp
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promoters were 4.98% ,9.84% and 48.4% ,respectively,when using 846 bp PGKI promoter as a

control. Furthermore, the transcriptional levels of ye GFP3 in different transformants were detected by

RT-qPCR and the results agreed to the fluorescence intensity evaluations. The results indicated that

two upstream activation sequences presumably existed in the PGKI promoter. In summary, PGK 1

promoter would provide a fundamental expression element for engineering C. tropicalis in future.

Keywords :
upstream activating sequence

Ji3 315 (Promoter ) 7 Oy 5 X 36 1k ) 2498 4200
8 W R 1 FRB KO B JUE R . B R
Ja 3 T 45 1 5 e v B R R IR 2 AR T AR AR
H i, B 2 A% AR W B 9 S5 R TR RS TR T R
(Saccharomyces cerevisiae ) , WM A JH J5 8 1 19 1%
PGSR AR IRIER, it B ET &, EAZ A n AR
T AR EGE TSR WO T/ e SCWI A I N TR S B 1
W GALI-10,TEF F1 LEU2 Jii 8417,

Py ] 22 8 1) (Candida tropicalis ) VE —Fh —
AR AR B LR N A 7E — SE R R 1 AU &
2, RE % R R WE ot J R D 1R 45 — 22 3 HLIS
YR e — Bk R AT A K, OF HAEARE S R rp AL R
— SO R AL TR, WK B e A HLIR AEY,
T, FRerty Ml 22 e B LA 38 i 1 Tl oz T i 5% H 2
H AT A el i D Re s I iy s 31 B
B N 3-Mh IR H I I U L X (GA PDH )P Bl
TR 7R R 2l (ICL) g sh 71, BT Ry i S0
PERCR I H LT IS 3 7, 5 & N2 SRR AN T
WS AE S, TEMAD SRR T A
T8 9 15 ) A AT RE S O A A e IR S B (]

Candida tropicalis ,phosphoglycerate kinase, promoter,green fluorescent protein,

Yynd ik B R A O RS 2 Y ) s Rl DL A
oA P A o AR AR AR B AIG  R) = A AR 2R T
it PG B 2 e B & W A b 5 Y = 7 =
Azl R R I S B R R BRI — e R R
il T AR 22 o BRI TR R SE

PR35 LA IR HIh R B e B Y (PGK 1) R 3+
TR 5, A% NCBI 84l b & A Fi 9 PGKI1 7
G, it 2 &8 R R AR BT iR IR SE R
G KRYEARESE P 51001514 PCR 47 38 #4371 22 1% B
) PGK1 JE8h T, SRJG W% )8 3h T 19 ¥ 902k 41 43 A
LA yeGFP3 fE R4l 3L Al b i 2l 1 57 ik 4
W X s 7 LR AR TR T BE AT 2B A
AT

1 e |
1.1 RS
A SC R 2 () JFORE Ts—CA T2—gda324-URA 3 Fl
Ts—ye GFP3" T MR A i 22 BE ATCC 20336, #vily
fi 22 Wtk XZX AR FF 3 IM109 34 i A WF 58 bt
TR, FTis KB RN 1 PR

F1 AW AZBEK
Table 1 Strains used in this paper

A S AR

E. coli JM109
L (traD36 proAB*laclq lacZ DMIS)

URA3/URA3 CAT/CAT
ura3/ura3 CAT/CAT

C. tropicalis ATCC20336
C. tropicalis XZX
C. tropicalis P-1
C. tropicalis P-2
C. tropicalis P-3

C. tropicalis P-4

recAl endAl supE44 hsdR17 gyrA96 thiA relAl A (lac —proAB)F’

ura3/ura3 cat::P300—ye GFP3-T-URA3/CAT
ura3/ura3 cat::P550—-ye GFP3-T-URA3/CAT
ura3/ura3 cat::P750—ye GFP3-T-URA3/CAT
ura3/ura3 cat::P846—yeGFP3-T-URA3/CAT

CICIM-CU, China

ATCC
Ve BT AEBT 52 0 £ 78
ABF5E
AHE5E
AHF5E
AHF5E
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S ik A v T 2 44 pMD 19-T Simple |
S 2¢O i B FH 30893 7] £ Yeast RNAiso Kit
PrimeScript® RT Reagent Kit with gDNA Eraser 7l
SYBR® Premix Ex Tag™ Kit, 13 H Takara 2%
Al ORIV & PCR P24 VB 7] &R DNA
BEIE SR & W H AxyPrep A .
12 EHE

LB 59 3  BERERY 5 /L, B EH I 10 @/L, &1k
B 10 g/L;

MM K5 7256 . YNB 6.7 o/L, i IR £ 10 o/L, i %)
20 of/L;

SM HEF-5E MM FERBEh s 0.006 g/d LAYHRIENE ;

AN HEERBEWKE 100 mg/L,
1.3 A&
1.3.1 #oarfR 283 A W4 DNA a9 42 3 G|
22 [ BEREIA 2 DNA $2 075225 SCHR1 211 T 824
13.2 PGKI B3 TH8¥ 35 yeGFP3 £k & oy # ik
PGKI R PCR ¥4 . DL R 22 1 £F ATCC
20336 H: K 20 DNA k5 Hz ,PGKP/PGKT H 51 %1,
PCR ¥ #44k1% PGK1 3£ (P-ORF-T) ., %4 AxyPrep
NN PCR P28 Vel & alifb f5 , 4 %) pMD

*2

19-T Simple #k {4 , 15 2 5 4 Bk Ts—-PGK1, 415
KL% T3 N AT A W) HR A RS wl R AT Y, A9 3
PGKI EEH ¥

DL (8 22 B2 BF ATCC 20336 3 K 4] DNA 4
it ,PGK1/PGK3 Fl PGK6/PGKS Jy 514y, 43l 1
PGK1 3£ )5 81 F PGKIP(LL TR P846) FZ 1t
T PGKIT(LA A T) , ABRL Ts—yeGFP3 FHEART
PGK4/PGKS5 A5|#) ,PCR ¥ #4 1 5 JE 4 ye GFP3,

W9 18 B A5-Y P846 ye GFP3 FI T J BEZBEJR N
Al & PCR(SOE PCR) JZ i 4 & ; PrimeSTAR ® HS
Mt 0.5 wL,5xPrimeSTAR ® Buffer 10 pL,dNTPs 4 pL,
P846 1 wL,yeGFP3 2 pL,T 1 wL Al ddH,0 315 pL,
J R £5F 198 °C 3 min;98 °C 10 5,55 °C 2 min,72 °C
2 min, 10 MEH;72 C 10 min, LA 10 wL _EiRaEEE
RSN, BB E PCR UK Z - PrimeSTAR® HS
M 0.5 wL,5xPrimeSTAR® Buffer 10 pL,dNTPs 4 pL,
filt & RN W 10 wL, 5149 PGK2/PGKT 45 1 pL #
ddH,0 225 pl, S 2544:98 °C 3 min;98 °C 105,55 °C
1 min,72 °C 2 min,30 > 1E ¥ ;72 °C,10 min, 3£ 1%
P846—ye GFP3-T ik, ATEH TG W% 2,

A HETRASI

Table 2 Primers used in this paper

it ) 37 258

URA3-F TACTCTAACGACGGGTACAAC -
CATR TACAACTTAGGCTTAGCATCA -
CAT2ndU CTGAAGGCTCCGACATCACC -
CAT2ndR CAACCTTGTCGGCGCTGCTA -
PGKIF(300) AACTGCAGCATTGAGT GGGTATCACA Pst 1
PGKIF(550) AACTGCAGCAACCCACCATACGTTCA Pst 1
PGKIF(750) AACTGCAGGGTTCTTGCGACACGCTG Pst 1
PGKT AAGTTCC AAAT CATGAAGGTAGAGCTTGTT TTGC -
PGKP TTGTTGTGCAATTGTCCAATGTAATAATTTTTCCAT -
PGK1 AAGTGGAAGGGAAGCTGGTG -
PGK2 AACTGCAGGTTCCAGATGAGCGAGAC Pst 1
PGK3 AATTCTTCACCTTTAGACATTCTGAATAGGCAATTGATAA -
PGK4 TTATCAATTGCCTATTCAGAATGTCTAAAGGTGAAGAATT -
PGK5 ATTAGAATAAATATTTCTGATTTATTTGTACAATTCATCCA -
PGK6 TGGATGAATTGTACAAATAAATCAGAAATATTTATTCTAAT -
PGK7 GCGTCGACTCGACGATTAAGTTCCAAA Sal 1
PGKS ACGCCAGCTT GCATGCCT -

T WU 3820 T T R 2
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133 F 474 Ts—CAT2-P846-yeGFP3-T-URA 3
W H 5 A4 Pst 1/Sal 1 WY P846-ye GFP3-T
Rk G, SRJE A A B 28 [ RE U A U i 24 Ts—
CAT2-gda324-URA3 W, B o 1Y) gda324 B,
25 K E B W i A IM109, 3K A5 41 FORE Ts—
CAT2-P846—ye GFP3-T-URA 3, FFi 1t Pst 1 A1 Sal 1
Xof 54 TR EAT B VIS UE . SRS LABURL Ts—CA T2—
P846—ye GFP3-T-URA 3 “At5H ,CAT2ndU/CAT2ndR
HJ518 ,PCR ¥ 38 yeGFP3 3L & Rk & CAT2-
P846—ye GFP3-T-URA3-CA T2, %4 PCR 7= ¥ 7% 7 ik
7 5 20 A F 3 ek ST A A VRV A DR 1 W Y R R
B AR (I 22 B B 75 5 XZX, A 2 BE CAT 2/
BRI, Gl R IR T A yeGFP3 KA &
AT CAT LA, 2 MM PR i 15 7 A6 7 )5 3 UG
fbF 3L 4L, L URA3F/CATR %52 51917 PCR
e (# 1),

€AT20 T

P846 yeGFP3

URA3 CAT20

) —

CAT20 psag yeGFP3 ¢ CAT20

CATR
E 1 yeGFP3 EEFRIEZENENL

Fig. 1 Physical map of the expression cassette and
integration of the cassette into the CAT locus of
C. tropicalis XZX

134 yeGFP3 t94m  SETLE AL INEEK
6 (488 nm) 19 BESST AT & G4k (A 56, iR X —
TEXT ye GFP3 W FERRCR AT R o 5 fb 452 b
) SM K7 3% 3 1,200 r/min, 30 °CH; 7% 2 X £

5—*3'

Candida albicans SC5314:
Candida dubliniensis CD36: 4,
Candida intermdeia CBS 141442:

Candida parapsilosis CDC317:
Candida orthopsilosis Co 90-125:

Candida albicans SC5314:
Candida dubliniensis CD36:
Candida intermdeia CBS 141442:

Candida parapsilosis CDC317: B
Candida orthopsilosis Co 90-125:

(ODgo:2~4), RJGET 4 CH BB/ N T
BYOCEHMITERES, BEE 1 mL 855 12
000 r/min &0 1 min WA B IA, 2850 45 2% vl
(PBS) ¥ V{4 2 Yk 5 HE 2T PBS 28 v s, i
Nikon 80i 1E # ¢ i i 52 LA 488 nm M A I GIUK
Ja A TSSO IE 5%

B Ik 1 55 32 WA PBS 28 b R, 4% il
ODgyp 75 0.3~0.5, WZHL 200 L BE 5 & 96 LT {4 il
FrA A, K EEAR AR E T BioTek Cytation 5 41 Wi 1%
ALK 2R 48, 7F 488 nm/520 nm ALK 5% ) 38
BE IR AL F OG5 SR E o b, DA R TE
PR XZX AE R BIPEXT RE
1.3.5 mRNA # Bfe 20 % L2 % PCR RIES
5 SCHRIXT B (I 22 I BE e A6 10T 92 i 5l 5 it
PCR(RT-qPCR) 73 #7 . HRECTE A L ) #40H f 22 15
PR PE R TR SM BEFRFE 30 °C 200 1/min 1
Fi, BRI VAILAE A b W 0 2 BB & 1) SMB AR K5
FRIEE  FFR AR ODgp HIA ) 1.5~2.5 J5 , i FH FE £
Total RNA & it 1) & 42 O pk h L RNA,
PrimeScript ® RT Reagent Kit with gDNA Eraser i 7
EXF R RNA #EAT 5% 5% 4R 15 B4 cDNA, i
SYBR® Premix Ex Tag™ i3 &, LA cDNA fE 45
B, ACT 1 NS HEMH, N CFX96 Real-Time PCR
Detection System 4" # ¢ #:47 RT—qPCR £l , RT-
qPCR S ¥ #5 #8 95 °C 30 ;95 °C 5 5,60 °C 30 s,40
MG UEAT Vs i 24 8 65 CC 2 95 °C, B 5 s I
0.5 CHEAT4

TR

2.1 PGKI EFER=E
Z8 GenBank FEVAA 5 MR R 2 EAEE R Fikk D
1 PGK 1 BEHIFH (5 55 .FM992693.1 .CP017628.1 .

(b
2 SHRBZLEE PGKI EE S EF 5 b3t
Fig. 2 Multiple sequence alignment of five PGKI genes
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LT635760.1 HE605202.1 FIHE681724.1) , 43 il # X
5 MRE B PGKI 25835 K U720 1 200 bp JP 8 EFT
ZF T H LT, it Lokt 3R AR — B[R] WP 55 1 )7
G 2(a)), IR T PGKT 3L 1514
PGKF, PARIFE T i i 21k F FilE 514 PGKR (A
2(b)).

LB 1% 22 B2 B ATCC 20336 [N 41 DNA 4
BHL , PGKF/PGKR 5191 ,PCR ¥ 1y 3k 1% — B K &
3 000 bp B F B (K 3) 4% Fr BoZE 42 8) pMD 19-T
Simple 2k & H 2K 5 4700 7 4341 . XF b L R Y
MFFeE RPN, ERIZERNWEHKXE
Candida albicans SC5314 F Candida dubliniensis
CD36 B BRAIHE T SIAHLEE y 81.8% , 24 FE IR AH{LL B
H 92% ;5 Candida parapsilosis CDC317 Fll Candida
orthopsilosis Co 90125 T # 1) B8 J£ /3 51 A6 0L Sy
78% , W R R M LE H 91% ; 5 Candida intermedia
CBS 141442 B bk 1Y 5l 5L ¥ 50 AHRLRE By 76% , S BE TR
AHABLEE N 86.8% , Rk vl LA H Wi T 4™ 444 45 31) i) S K]
N PGK1,

2.2 PGKI BHHFHITNEEEE

4 [T Ts—CAT2—P—ye GFP3-T-URA 3 ¥ 7
RN 4(c) iR, 500 PCR & B8R 5 5L ye GFP3 |
PGK1 WA 3+ P846 FiZ 1k+ T,k fl & PCR 4
it yeGFP3 ik & P846—yeGFP3-T(K 4(a)), M

P846

M: DL 5 000 markers; 1:
Electrophoresis of P846-
yeGFP3-T cassette

(a) P846-yeGFP3-T3ik &L (b) Ts-CAT2-P846-yeGFP3-T-URA3

M: DL 5 000 markers; 1:
Ts-CAT2-P846-yeGFP3-
T-URA3/Pst I and Sal I

AR R A FATG IS IE

) Eeees)  E———)

bp

5000

3000
2000

M: DL 5 000 markers; 1: PCR production of PGK1
3 PGKI ERZES®BEIKSH
Fig. 3 Amplification of PGKI gene

ik & AR Ts—CA T2-gda324-URA 3 W (1) gda324
FBE, RS A TR Ts—CA T2-P846-ye GFP3-T~
URA3, JH Pst 1 F1 Sal T XF 5 241 ki b 47 U V), 75
F| 5 kb BZ AR A BEAT 2.1 kb 1 yeGFP3 3k &
BL(F 4(b)) o Fpe g 58 B 2% 4 Sl i S b B 1L
Bl XZX BRI 2 SRAS A+, B3 A+ 1
%R C. tropicalis P-4 (I8 6,UKiB 4) . 7E2¢ % W%
TSR] P-4 R R A EMW sk ot (K 7),
] LLAfIN PGK I Ja 3 F HAT 5

yeGFP3

T Ts-CAT2-gda324-

URA3
) PUI
pstl i SOEPCR 1| POE
——)
PR4G yeGFP3 T
‘ T:DNAEE
Ampt CAT2U

Pstl
P846

P ITs-CAT2-P-yeGFP3-
T-URA3

7043 bp yeGFP3

CAT2D T
URA3 Sall
(o)A JFRI Ts—CAT2-P846-yeGFP3-T-URA3
T h AR

E 4 P846-yeGFP3-T RiZ & W fh & 8 [ Ts-CAT2-P846-yeGFP3-T-URA3 W EE VI W iE . 2 4H R #I Ts—CAT2-P846-

yeGFP3-T-URA3 W #I & Hi 2

Fig. 4 Construction of P846—-yeGFP3-T cassette by SOE PCR,Restriction analysis of plasmid Ts—CAT2-P846-yeGFP3-T-
URA3 and construction of the recombinant plasmid Ts—CAT2-P846-yeGFP3-T-URA3
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23 BITFHEES yeGFP3 RiEEME

I8 o FE 2R B 43 M promoter 2.0 (http:/
www.cbs.dtu.dk/services/Promoter/) 43 #71 PGKI1 J& )
FIFH, srhr s A s )G 31 F-500 bp &b F77E—
AT RERI T RETCAE, 7E-139 bp AbAF7E— AT BERY
TATA HE , -84 bp 4b F1-240 bp 477 4E 2 4~ 1 fE )
CAAT HE, K PGK 1 )R 1T X144 300 bp (LA
FRIZ K FE I 31N P300) 550 bp (DL F#RIZ K H
1M P550) F1750 bp (VA FRRIZKIER 3R
P750)3 DK EEHAT 48T

4351 2L PGK1F(300)/PGK7 .PGK1F(550)/PGK7
F1 PGK1F (750)/PGK7 M 514, 5 41 ki Ts—CA T2-
P846—yeGFP3-T-URA 3 5z ,PCR 4" 3515 2 A [F]
K PGKI JR 3N T T 1 ye GFP3 ik & ] Pst 1/

(a)

PUC

Nde 1

Sal 1 XL J5 2 42 31 28 [F) A 9 VI 6B (9 20k Ts—
CAT2-gda324-URA3 ", 43 il k) 4 55 41 3 i Ts—
CAT2 -P300 —yeGFP3 -T ~-URA 3 .Ts —~CAT2 -P550 —
yeGFP3-T-URA3 i Ts —-CAT2 -P750 ~ye GFP3 T -
URA3., JH Pst 1/Nde 1 XL Y], 1355 3h+ i o
yeGFP3 1) v BL , K/MK UK g 530,780,980 bp Al
1 076 bp, A1 2 B2 3 000 bp 4 A B (R R /N 22 52
ANHLUKORE LA 23 TT B 5) o 3 3l A b3k 3 A 82 ks
FHEAR , CAT20dU/CAT20dR R 5191, 3 yeGFP3
% ik & CAT2 -P300 —yeGFP3 -T -URA3 —CA T2,
CAT2 -P550 —yeGFP3 -T -URA3 —-CAT2 I CAT2 -
P750-ye GFP3-T-URA3-CAT2,
24 yeGFP3 ERFRIEEMHUELTE

O3 0KE 4 AN TS BE IR 37 4R T Y yeGEFP3

CAT2U

P846

Ts-CAT2—P-yeGFP3-T-
URA3 Nde 1
7 043 bp yeGFP3

CAT2D

URA3
(b)

M:DL 5 000 markers;1:Ts—CA T2-P300-ye GFP3-T/Pst 1 and Nde 1;2:Ts—CAT2-P550—yeGFP3-T/Pst 1 and Nde 1;3:Ts—CAT2-
P750-ye GFP3-T/Pst 1 and Nde 1;4:Ts—CA T2-P846—ye GFP3-T/Pst | and Nde 1
5 EHBRNMEYIRIE

Fig. 5 Restriction analysis of recombinant plasmids

FR AL XZX FRE, T MM -4 e 55 1k 7, 41
B A 13 R 41, i il URA3F/CATR 51 #1347 PCR
BUE, PR Lol § A3 8] 2.3 kb 95, 1M
XZX TEAR N TCRe 338 2%t (| 6) . 43 5l ir 44 T
PEFEAL T P-1 P-2 P-3 #ll P-4,
2.5 BRKEMBEKRERCESBERIFREE
PGK1 JE 8+ I AL E 3+, BB 7E B R A=
Kt iR k1T 80k, BT BZIRniE S 7
SM AR K 5 rh 43 i 55 5% P-1 . P=2 P-3 P-4 il
R XZX 2 ODgp 2~4, SR J5 F2 WM 5 WL 5¢
ICRB AT o yeGFP3 FEH 0 R 815 B b 17 52
PEOHT . 9 AR B 45 SR BN, ye GFP3 ¥E P-1 il P-

5000
3000
2 000

M: DL5 000 markers; C—4: PCR using the genome DNA of different
transformants as template; C: XZX; 1: P-1; 2: P-2; 3: P-3; 4: P—4.

Bl 6 #HEBHTH yeGFP3 RIEEEAHEUTFHPCRERE
Fig. 6 Identification of truncated promoter cassette by PCR
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A#HS,E. AT BLRTHBR Y RABGLER BT HREL

B3

i

ot

2 Bbk P RRIA  JLF JC I M B 58 -3 TR Bk
T yeGFP3 B ACFELR , 1ESINMAOE T il LI
W] 2R T MTE P-4 ' ye GFP3 FRiKIKF-
e, B T B WL B 5t U R 2R (90 (B 7). ¢
JERE A SR s, PGKT )3 311 ¢ e B 40 i i
0 JEE A

HEE

hushe e

a: C.tropicalis XZX; b: C.iropicalis P-1; c: C.tropicalis P-2; d:
C.tropicalis P-3; e: C.tropicalis P-4.

7 BERLBERUFHREEAXAZAHEDN

Fig. 7 Observation of yeGFP3 in C. tropicalis X7ZX

fii I BioTek Cytation 5 2 Jid A% il FL A A I R
GEXS 4 ATl 1 vh s (PO R I SRk K E AT
TE R, KA RS 5O B AR IR 4 R — 2 P-
1.P=2 Fil P-3 Bbk (A X 00 4 P4 BRI RRAR
S50k P-4 HRRE 4.98% 9.84%F1 48.4%(#] 8).,

30000

25 000

20 000

( RFU/ODsw)

15 000

LG FRIXTIEOGIRE

10 000

5000

0 XZX p-1 p-2 p-3 p-4
LS
JA 8 TR GE L RFU/CDegy (RIVRH X 9€ 't 57 B LAAH 17 Y
ODgy) o BRIZL NARIHELR:
B8 MW RLEBGHENLTIEAEE (RFU/OD)
Fig. 8 Relative fluorecence intensity of the five strains
t F 5 AL T P-1 1 P-2 BT 3K 1 &% (0 98 i)
hES , At 550 bp LR A 8h T A B
M BA e ST IF o A TR R R 3h 798 45 T Y
HHFRBKFEE mRNA gk B — 20, 7l 32
B3R 5 BR TR 9 B RNA, FF 64T RT—qPCR 217 .
RT-qPCR £ 45 45 5 /R P-1 1 P-2 B # h PGK1

Ja sh FAUA BARM 06, AT yeGFP3 11
e kK4 B A P-4 AR Y 5.6% 13.8% , 1M
yeGFP3 1t P-3 Ttk T I 5% g K3k 8 T P-4 TR Bk
1 60% (&l 9), Z%#i 5 BioTek Cytation 5 4l Jifd 5%,
BRI R e 45 R — 3,

100~
80
60

40

mRNAAXS F2EE /%

20

XZX p-1 p-2 p-3 p-4
L7
TR P-4 1 s K28 U 100% o B FH 27240 J7 32 % 55 4 Ay
B AP HEAT 0BT, IR 2ZEEON AR ME 2
B9 TRAFBRLEBESENL TS yeGFP3 EEH mRNA
Xt FE AT

Fig. 9 mRNA levels of different yeGFP3 genes in transfor-

mants

| 3 2 i

GFP AF g —Fl 7K B o o B A5 31 1 2O 8
Jo 5 i B DR, 28 20 AP OO BV AT & S 2 £ ¢ e
W) T s F R Re oY . A SCiE T I
b Y B EE 3 55 R GFP(ye GFP3) A M 4R 45 FE U7 Xt
PO IR 2 B PGK T IR 8 T I BEdE AT 45

PGK1 S W B fiff a3 45 v 1) S S, 70 W I8 565 2
A BERIERS 2 Al 1, 3- iR T I R 55 AE 3-
WL H I R IF 7=k 1 o0 F ATP, PGKI J&i 8 T 1E
B v BLAT B0 00 I BT T 7 BRI e b R Bk
FAVESR )R 375 sh MR SE R 5 5k, B PGKI
Bl F R LR S B, o] LATE B A B VR G A R b
R RIRAMEER A, AT ZIR NG S Y, K5
P IR LB (1 PGKI R shF NI 4, ARG
TELR)E B+ 20 A W 2 (hitp://www.cbs.dtu.dk/services/
Promoter/) X PCK1 Jii 3 J#3 Jo A48 i il 45 5% | DA
XZX Mk, #WET P-1.P-2 P-3 f1 P-4 |
PRELZL A , 7390 LA [ B (300,550,750 bp #1846
bp) ) PGK1 J& 8§ R M yeGFP3 323k, il it HE
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BREEHAERMATRA RATFRERATEAFER KBTI

2020 42 H 17 A, BRI KA 501 (EU)2020/206, btk B 5 = E &5 & i f A (Theobroma cacao L.) H A
(pulp) R AT (pulp juice) FH 4 5 P T (concentrated pulp juice ) E A 87 8 £ & B il Wk B T 3, AR 4509 B & A 2 H 5
20 KA,

BHL(EU)2017/2470 BHAHEITUNE .

HLAEHT & il TR EL b B AR WA B RE 45 2R

TE & A LS B i bR 4 B W T s <R Al 2R 7 (cocoa
B S S G AR (Theobroma cacao L.) pulp) . “ "l il J Pt 7 (cocoa (Theobroma cacao L.)
RS » pulp juice) 3% “ A 7] {45 S A 1T 7 (cocoa (Theobroma cacao 1..)concentrated

pulp juice) , B F{ A9 X

LT B b WA B RE B 45 2K

HIR/TE X
FE 512 i J2 0] 0] (Theobroma cacao L)FEYIAGSFE A, B 7 v &5 45 K R AR PE 9 Ji
CIRDE S PSiiBuR AN NEE 371 B2 BN v i S e b - e S 7 = s B il N A = | R
L1 B S g SV o M B K S R 0 282 IS AP < I O 3 R & D) e il D
L 2SS I S v 7 B S o D o €
i/ (g/hg) :0.0-2.0

ATATR A SRR BRI/ (g/hg) :0.0-0.2

e SR KB (g/hg) :>11.0

WERE/PWERE : =14
pH:3.3-4.0
MEMERAE
SEL (£ %) :<10 000 cfu/g
kTR <10 cfulg
VIR 25 ¢ NMFEAE

[f5 SRR 1B 1] WTO/TBT-SPS 3 412 ¥ i) TFF 3. Bk LAt o ol il S A 2R P T R e 45 2R P T S 3 2 £ BTl
[EB/OL]. (2020-2-26). http://swj.xm.gov.cn/xmtbt—sps/show.asp?id=61274

LHSt A SR 2020 FE 395 % 3



