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o E. AEBET SptT A% A E G LS4 Spt-Ada-Gens- T BE 4% 4% B4 (Spt-Ada-Gen5-
acetyltransferase, SAGA) L &R 49AZ & &), H AL T 44 SAGA L oMAEe, TR waln
10%A Leg B 4EF, sk oh, 2RAB T X T Spt7 Hekea kY. [B8] KR Spt7 £
2 E Aspergillus niger CGMCC 1062 ¥ #9204, [k 1 vA ¥ E 4. niger CGMCC 1062 % &
Bk, @ RATE RN R spt7 AR W) R EHEANB B E T, T 54 Aspt7 B SxF R4 5
FAE CM 2ARA. REARRAS H0, BiAA E# /74 R, @i 5ot 2 2 RE B4 R
(real-time quantitative polymerase chain reaction, QRT-PCR)/#7 ¥ B fif A ALK B . = Jo48 X 2K F 49
MR AT, [ R]Y RAHFKF spt7 AR KR A Aspt7; BT LI Aspt7 AHREBA B EH
MAERZNE. AETEGHFZER,; spr7 KB GHR L F R0 @R TR ARG AR {2 Aspt7
B AR 2T B 2R 34 68 42 20 mmol/L H,0, 49 -F AR L% A K. Aspt7 & #& 7 AEBE G K428 fbp. pfk. trk.
pks. fda F= gsdA B 6955 FORK-FEIT RS A TRT 2.65. 4.46. 6.05. 4.90. 3.20 F= 3.20 4Z;

FFIAR KL wetd. abad F= brld 6955 FK-FARE TP BLE 53] T T 529.93. 172.40 4547 9.61 4&.

[46]) spr7 AR AF ARG ETEAR, AEDSASALRT 4.
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Abstract: As the core protein of a multifunctional protein complex Spt-Ada-Gen5-
acetyltransferase (SAGA) in yeast, Spt7 is not only responsible for maintaining the stability of
the SAGA complex, but also responsible for the transcription of more than 10% of genes.
However, there were few studies on the functions of Spt7 in filamentous fungi. [Objective] To
investigate the effects of Spt7 on Aspergillus niger CGMCC 1062. [Methods] In this study, the
plasmid with spt7 gene knockout was transferred into Aspergillus niger CGMCC 1062 by
Agrobacterium tumefaciens transformation method. The colony morphology of Aspt7 strain and
control group was observed, which grew on CM medium, different carbon sources, and
H,0;-containing mediums. The relative transcription levels of glycolysis key genes and
sporin-producing related genes were analyzed by real-time quantitative polymerase chain
reaction (QRT-PCR). [Results] The Aspt¢7 strain was successfully obtained. It was found that
the growth of Aspt7 strain was slow, the colony became white, and the sporulation was delayed.
The knockout of the spt7 gene significantly affected the use of different carbon sources by the
strain. However, Aspt7 strain and the control group grew normally on the plate with 20 mmol/L
H,0,. The transcriptional levels of fbp, pfk, trk, pks, fda, and gsdA genes in the Aspt7 strain
were 2.65 times, 4.46 times, 6.05 times, 4.90 times, 3.20 times, and 3.20 times lower than those
in the control group, respectively. The transcriptional levels of wetd, abaA, and briA were
down-regulated by 529.93 times, 172.40 times, and 9.61 times, respectively, as compared with
the control group. [Conclusion] The deletion of sp¢7 gene affects the normal growth, colony
morphology, and conidial production of the strain.

Keywords: Aspergillus niger; gene knockout; Aspt7 strain; colony morphology; anti-oxidative
stress
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Spt-Ada-Gen5- Z, it % # B (Spt-Ada-Gen5-
acetyltransferase, SAGA)E A iAkE—FhZEHE
G, B2 RS RS SR B -, R
TN 10% L E A3 R 2P HEr k3
SAGA H &Rt ZED 20 NMEALRD, PR
SAGA E&Whtl: T2 H 20 MEIEAR, 16
it BRI o 4 AR . AU fk (double
disproportionated, DUB)#bt; H GenS. Ada2.,
Ada3 1 Sgf29 4 & 1 L WEF% % B (histone
acetyltransferase, HAT)Fik ; TATA 254 &
(TATA binding protein, TBP) i 3¢ [A ¥ (TATA
binding protein associated factors, TAF)fHe; L)
J%H Spt3. Spt8. Tral. Spt20. Spt7 fil Adal 41
B Ty(SPT)fEd, Hr Spt7 ZH, SAGA B &
W OE I Z —, ETE4ERE SAGA B GRS,
MR Jr T R EE AR . Spt7 25
Spt20 1 Adal Bk, JFH&H Spt7 HIEIT
SAGA E AWl LITE Spt20 H1 Adal #AFELER)
THOL T, SAGA fE W —REZMBEEARE A
A, I AT CBMED T iz 2O
T, SR G0 BT 25 R FE DU -5 15 BRI A 22 1] 1y e
e, RN SR MG BI5E T 418 s L 451k ik
& spt7 FERMAMRT DA, (HAERKZE, I
B FRBAPIEEE A R ARIE S &
A5 PEAERE LA K Ty JOER A Stk As

HHETA X Spt7 MBS b T F WLk
o, B spr7 S AR KRB, AEA
TEM 5 il 48 I AH 5C TA vh e B L R R i
%% (Aspergillus niger CGMCC 1062)H ved f laeA
FEPRL HA K R F AR KW, 1 B X 8 R &
B EAT PR o B2k VeA B¢ LaeA HIEES
Hf A UM LB I AR S AR R R R, B
KK # % OTA, OTa J& OTB {5 EM K™,
FRibZoh, AR E T —MRid K5 Spt7 1)
bk, I &I OEspt7 F b+ 48 5 hf TR R TR 22 45

KRR, R 2257 >3 2 H Ay 3 A8, W™ 1
FERHPIE Z . TIRIGTERA L, OEspt7 #%
fbF 1 AL A 2 1 e R 2 M K R i T 7
P I 35 T

BFXT Spt7 B ST IR T AR S8 28 75 S g il AR
ORI — R BRI R AR S AR TR (4. niger
CGMCC 10142) 1B & TE A8 S B K 1Y 22 ek
RASEMRETE R4, £ KB, AT A
Aftl -, S BRI P R B spe7 BRI A
o NERZE Spt7 TRk, A5 VISEREE A. niger
CGMCC 1062 i & wakk, I [R5 8 4 mfr
spt7 FEP WA AN [R5 52 F YRR
B AR R 22 5, T AR IR A AT AR R S AR oG
L R 2 S K, #HE0 Spt7 TE RN A. niger
CGMCC 1062 H 1 INEE.

R

1.1 &

WA (4. niger CGMCC 1062)H VT3 E {5
PRI RE IR A FRA R R HEA o mI R . RIBAT R
DHS5a FIHEEARFT B AGLL: RT3 38 i3
A= IR RO PR L, B KR K2R T
F2E B A Al i B 5 AR5 2 PR
1.2 {5

B JOKAERE . R . BREE IR, R
HT AL KRB A SR 5 | A
ML BRBREE . mimR%k . SAbES . SRR . TOKE
BRERER . LKA IR . A ah . BRRREE |
MR . 7S/KA A . Ry . E . LKA R
BEL VKR HEE, SALEN. SEE . JOKS
B . BT &M, MER. A YEEE.
R R Ry ortral), i RZEERHEA TR
o) BREIVENYIEE BamH 1 (15 U/uL), 55 H B
AEBEARARAA; B RNA #BOAH &
(50 T), Jbat ik AR A R ¥ ; DL5000 DNA
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Marker, i DNA A (S UuL), RNA Je 4%
57 & HiScript III RT Super Mix for qPCR
(+Gdna wiper) (100 rxn) 1 qRT-PCR iR 7| &
ChamQ UniversalSYBR qPCR Master Mix (500
rxns), B HMEREAE YRR A BR A
1.3 EFHFE

LB} 550 1% NaCl, 0.5%BRkky, 1%
B AR AAT R R SR LB Kk
FEAIN 0.012% RBE %R ; CM Hi5idk: ASP+N-
BEWE 2% 285 1% .1 mol/L MgSO, BEE 0.2% .
Fi% 25 KR 0.1% . TEERR 1) 0.5%; MYk
PN SRR T G A 5 . CM R IEIR
Jin 0.025% B & .
1.4 {LB/MKE

LRH-250A A Ak 3532400 A R T 28 22 =
SRR PR 7] 5 WXL-A30002 HL TR0 H 4t
R ZF WA ARG A PR A3 ChampGel5000
4 B ShEER RAR AU B A FEE AL R A R
/v ; Eppendorf PCR I B i 1E A B2 &b
AIRAT; CX23 BB BB A OLYMPUS
o5l SERFPEEEE PCR Y (SteponePlus)ity H
ABI 23w, B R HBHE KA AR W) TR 2 Bt 23 Al
AR
1.5 Spt7 BBR BRI 32

Ph A. niger CGMCC 1062 Jt[H4H Wity ,

T 1 pdd-Aspt7 FRRHAEFRASIH

PCR 43 spt7 LU [AIIEE spt7F . hyg #l spt7 T
WelF U spt7R . p4d JikiH BamH 1, Pst 1 XL
YIJ5 5 K Bt spt7F . hyg Fl spt 7R 1% 45 B0
TR EH TR pdd-Aspt7 . B JFRL pdd-Aspt7
PP RIGHTF IR, DA AT 1 3 A B,
PA1YZ-spt7-F # 1°YZ-hyg-R & |5 | 95k
JOAE i B HE 4K I e Bk o ) 2 A i FH 5 |
W2 1.
1.6 RERITE AGL1 NS4E1L A. niger
CGMCC 1062

F p4d-Aspt7 BTk HL 5% 2 R FF I AGL1 37
AN, AR SCERET IR Ik (910 B ARAT I . B
RAFE S A. niger CGMCC 1062 Hff il & T
IM [EASE SRR IRAF R AR -, 25 CRbEILEES;
48 ho ZJi FJC TR Az BRER /KW A h 25 7 1 IS |-
VERIRITRE IR AL b 28 'CHEFRE 2 d, HLENE AT 1
B PR AR B T T Pk A A R AR A
28 CHiFE 2.d, B IEF ERK WL FIRIER 4 K
PCR %ilF .
1.7 BBk spt7 PRMEEE L FHITHIZ

B ILEE RN 4. niger CGMCC 1062 i1
O AE K pE R W) i 5 IR 2 | 28 CHiFR 3 d,
PP PRI L TR R L 28 CHi R 2 d, |5
PR AL F i T S S A Bk . F Nl-yz-spe7-F
M rr-yz-spt7-R B uF @i BRAE (spt7F-hyg-spt 7R) 4

Table 1 Primers for plasmid construction of p44-Aspt7

Primer names Sequences (5'—3') Description

CZ-HYG-F AAGAGCGCCGACTGGATCCTCCAGGCGGATCA Amplification fragment hyg
CZ-HYG-R GCAGACCTTTCGCGTTTCTATTTCTTTGCCCTCGGACG Amplification spt7 left arm sequence
CZ-spt7F-F TATGACCATGATTACGAATTCTTCCATGATGCGCGGTCT Amplification spt7 right arm
CZ-spt7F-R AGGATCCAGTCGGCGCTCTTCTGCC sequence

CZ-spt7R-F TAGAAACGCGAAAGGTCTGCTCG Validation of 1062-Aspt7 strain
CZ-spt7R-R GCCAAGCTTGCATGCCTGCAGGTCGTGGTTGGGATTCTGGTC  Validation of p44-Aspt7
1l-yz-spt7-F AAAAGGCTCCCTTGTACCCTA

r-yz-spt7-R GGAAATAGCGATCATGGCATT

1°YZ-spt7-F CAGGTGGAAG CGGAAATGTC

1°YZ-hyg-R CAATAGGTCA GGCTCTCGCTG

<l actamicro@im.ac.cn, & 010-64807516
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£, FFHEA PCR i — LIk spt7F-hyg KB,
Ii) B} PE 4% 4k 74T Southern blotting 43#7, LA
Hyg-F-P #il Hyg-R-P A5, pd4 ki itk
TP 3G, I hyg IREHEM, A. niger CGMCC
1062 F1 Aspt7 Ak F 3L F U Hind 11T
LA, R TIRR DK 3-5 h, FiR, 2422,
M2
1.8 HUFRESUWE

R REE] 1x10° AS/mL B A= 78 28 ih 5 4
TR G AT T2 10 pl 2051 S Fh
F) CM FEFREE by ASURRE S AS [R) Bl 5 (R 2 %
NN SN CE N CIE DA SR N
Wi FLBE . HEBEEAM LR CM 55373 I,
28 CHiFR 7 d, WEEBEMRAEAS [R5 523 F A
KIEE.
1.9 HUFIFUHE D

W 55 Ak 7 KB AR R A7 R MR N
1x10°A~/mL BR800 10 pL SFpF A
6. 10, 15, 20 mmol/L H,0, ] CM 535 5 P-4
Hha, 28 CHrE R 3d, MEREEAERKEN.
1.10 SERPRNZE=E PCR

WAL TR T4 RNA B ARG 7R3
1 28 CHrEFE 4 do TR /KPR 3 )5 HuE
ACKS T 2248 BRI T, 2 05 H R AR R
FEWFEE ZR AR . Fi IR RNA RBGRF & it
ZELS RNA, Z2EZHIBEEWEARLNF 1st
Strand cDNA Synthesis Kit {77 & 17 B 456 RNA
FHE S cDNA, A S 56 PR S K1 gl
E , actin FERWERNSEEE, 9 it PCR i
FI%E ] ChamQ SYBR qPCR Master Mix x5 &
(Q311-03Vazyme), 7E LightCycler®480 Il %I%¢ 5
%E 1 PCR ¥ (Roche) AT 52 , Hicdl R 2724
Jr RO TR R A H, I SPSS 16.0 H
One-way ANOVA H' DUNCAN’s test J7 504N
[ 20 1] 1 22 530, 0.05<P<0.1. 0.01<P<0.05 &

P<0.01 43R x> s Jgeonsn o - Ap R R
AP R | R T E R S E, et
P E R PCR BT S WLEE 2.

2 ZERE54

2.1 spt7 BUFR BRI RV IE R AR AL FiF ik

) 4. niger CGMCC 1062 2 [K2H DNA ik ,
GrRERAS spe7 FE R IERES spe7F (1330 bp).
spt7R (1 430 bp), VL p4d Foki WEARIREE hyg
(1 313 bp), & AH N A il VI 3% £z 07 75 4
p44-Aspt7 JIRL(E 1A), B a0 = 24 ok 2
spt7 SRR ) B PR AL AL Tl 2 515X PCR #47
IE(E 1B). Horp pdd-Aspt7 kL b spt7 228 Fi
spt7 B Z B89 HYG W] IE: e A. niger CGMCC
1062 FEHH I spt7 FEH 935 bp 7 B o

e [ SCHR7, 11 )R BIAE FL R R B spe7 VR 5
FHERTEIE S RAARKAEM, TREEMN 400 £
AL R B 5 IR TR A T8 SAFAERER
ZRmEAF T9, T2, T-1, T-7. T-13., T-10 F
T-8 (& 1C). i@t PCR MNPk s] spe7 mifilg i i
PR T-7 1 T-10, #55AbF Ak RS2 B R LA
AMZ3 18 A BE 41 3 908 bp Fll 4 286 bp 1Y
PSR s A ARIIEE I A 4 286 bp, Mitk—2
WEW] T-7 F1 T-10 S BAVERE AL, W ARG — 259 PCR
FEYIAER, LA 1Y Z-spt7-F/ 1°YZ-spt7-R 5|93
3185 PCR $7 18 1 1395 bp HYS%HF (] 1D), 1EEL
HAH B T-7 (95 Aspt7)i4T Southern blotting 43
W2 e S 2 sent . Gl 1E s, 1 JKGE R 2 Pkl
35NN Aspt7 TEREIERIZ A A. niger CGMCC 1062
FEHYE Sac 1 ZeMEALEH1TH Southern blotting
53T, 3 UKIESN PCR 3G hyg R, WIRIZRSE
1313 bp FIB—Z%7HF, A. niger CGMCC 1062 TG
257, Aspt7 TRRRZAE H 2 271 bp BA— 0 H Y 44T
VLI R B A BAPE DU A, 454 85X PCR BoiE
2E IR R spr7 FERB R o
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%< 2 Southern blotting & qRT-PCR 5|4/
Table 2 Southern blotting and qRT-PCR primers

Description

Target genes Sequences (5'—3")
hyg GTGATTTCATATGCGCGATTG
CTATTTCTTTGCCCTCGGAC
actin ACCACCGACTCCCTACTA
AGTCAAGAGAGAGATGGGAT
pks AACGGCCAAACTATACCGAT
GACGTATAAGAGACCCGGAC
pfk GCCAAGAACATGGTCCTC
CCAATTCCTTCAACAGACCG
fda CCTACGTCAAGGAGAAGACC
TTGACCTTGACAACACCGTA
fbp TTGGAGGAACCGTCAATAGG
TTTATCTCCGCCATGAAGGG
gsd GTGAGGGTTGGTGGTGAGTC
CCAAACATTCACTGGCAGGC
trk ACACATACTGCTTCTTCGGT
ATTCCGTTGTCGTCGTAGAT
pib GCTTCGGATCGGCAGACATAG
CAAGTCACATTCACTCTCCACTT
ras TCGATATACACCGTCTCATCA
TTTCCCATCGGAAGCGCCTCCA
pepA GCTTCACCATCAACCAGATT
CGGCACTACCCTTGCTG
wetA TGCAGAACACCTCTGGGAA
TGAAGGGTGGTGGGAACAG
abaA TTGAAACTCGCCCTCGTACT
GTGGTGGTGGTAGTAGTAG
briA GCTTCGGATCGGCAGACATAG
CAAGTCACATTCACTCTCCACTT
spt7 CGGGATCTGTACAAACGCAG
ATCCTCAGCGTCATCTTCGT
htmA CCCATGCCATTGATAACTG
AGTTCGTTAACCTGACCGGT
gpx CGCCTTCTCAATCTCCTTCA
AGCGCATCAAGTGGAACTTT
sod TTATCGCTCACAATGGCTGCTT
GACAGGTCAGGGAGAGTAGC
catR CTTGTCACCGAGTGCCCGTTT
GTAATCCGGACCCTCCTGTTGGG
gen$ AAGCGGCATAAAGCGAACC
CGTGTACTCATCGTGTATATGG
ada2 AATTTGACGTGAACCCTCAA
GAAGATGGTGGTCCGGAGAA
sch9 ATTGTCGTTGGTCTGGCTTT
CCGACAGCCATTTCCCTATC
fluG AGCGTGACTATGATGGCTTG
GCCAAGTGAAAGGCTCGATA
fIbC GACGGCATCTTGGAGCTAAA
AATCTTACGAGAACGGCCAC
fIbD GTTGACCCCGATCTACACAC
AAGAAACGGAGTTGTGGTCC
fIbE GAGATGACTTTCCCACCGAC
TCTCTCGTCTACCCAACCTC

Partial fragment of hyg probe was amplified

Partial fragment of actin was amplified
Partial fragment of pks was amplified
Partial fragment of pfk was amplified
Partial fragment of fda was amplified
Partial fragment of fbp was amplified
Partial fragment of gsd was amplified
Partial fragment of ¢k was amplified
Partial fragment of pib was amplified
Partial fragment of ras was amplified
Partial fragment of pepA was amplified
Partial fragment of wet4 was amplified
Partial fragment of aba4 was amplified
Partial fragment of br/4 was amplified
Partial fragment of spt7 was amplified
Partial fragment of htmA was amplified
Partial fragment of gpx was amplified
Partial fragment of sod was amplified
Partial fragment of catR was amplified
Partial fragment of gcn5 was amplified
Partial fragment of ada2 was amplified
Partial fragment of sch9 was amplified
Partial fragment of fluG was amplified
Partial fragment of fIbC was amplified
Partial fragment of fIbD was amplified

Partial fragment of fIbE was amplified

<l actamicro@im.ac.cn, & 010-64807516
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spt7 knock-out cassette

spt7F HYG spt7R
A. niger1062 genome (4spt7) —rl 1330bp | 1313bp | 1430bp
‘W 1395 bp«—V
1’YZ-spt7-F 1'YZ-byg-R
4286 bp .
11-yz-spt7-F rr-yz-spt7-R
C D E

bp 1 2 3 bp

5000

3000
2000
1500
1 000

750
500
250
100

2271 — -

1313

Bl 1 spt7 BIBR BRI p44-Aspt7 B K2 PR MEAE 4L F RO T 1% 36 3E

Figure 1 Construction of spt7 knockout plasmid p44-Aspt7 and screening and validation of positive
transformants. A: Schematic diagram of Aspt7 knockout plasmid. B: spt7 knockout schematic diagram. C:
Preliminary screening of Aspt7 positive transformant. D: Aspt7 positive transformant was inserted in situ for
PCR verification, and M channel in the figure was DL5000. 1 and 2 were spt7 left arm to spt7 right arm of T-7
and T-10, respectively. 3 and 4 are spt7 left arm to HYG validation of Asp¢7-7 and Aspt7-10, respectively. E: 1,
2 and 3 were Aspt7 strain and A. niger CGMCC 1062 genome DNA lined by restrict enzyme Sac 1, and hyg
fragment, respectively.

22 HUTFEFERNERKESUE PR BT VR0 2 G B ) 43 B 1 22, A= K AR 2%
AT SXT A S AP TE CM SR B 18, HEEEE NS A6, s 8ok a1
L7 d, G5 R 2 iR . SXTRETRARAREL , Aspt7 TERL, [HAEK RS 7 KRB, EREmAFE A R

1d 2d 3d 4d 5d 6d 7d

Aspt7

B2 XRES Aspt7 EIRRYEKFEESRE

Figure 2 Growth morphological observation of control group and Aspt7 strain.
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WK, BELART . T, Aspt7 ARG
5 RIFMRHTE D Z B 27, SIS HLI Ay 1
2, VLB spe7 SN SR IAERKZE, &
o R 7 e KRR AN P A 2
2.3 Aspt7 BRI A ERRIREF A 534

G RR spr7 35 DR 75 5 M) BRI X B Y5
FIFIF , H5 Aspt7 Bt BEBRTRE s Fl7e AS [l B V5
AR EES 6 d, S5RE 3 R, 551K,
Aspt7 BT BRI E 05 %, (B Aspt7 HERREG &
MIBETER N 55 3 K, LABTRAARE, 200, 3l
W, HEEEE, ZRRENHTRIERT, Aspt7 4Ky
RN, Hr R AL, TRVE 2 H B HE ) B
2, 1R 6 RIF, VISRMEMBRIERT, Aspt7 W%
JARARAER A KK, HAX ARG R,
KBdhr . CRRNTEN B ARMEIR, Aspt7
JRt BETE KR LA £ BR AN R it I s A= R ARAR 2212
2.4  Aspt7 BRI H,0, BB DR

T F Aspe7 BIAR 5 X BEZH B AR A3 B
10* A F BRI S A E S A 6. 10, 15,

Control
1d

3d

6d

3 NERES Aspr7 FEHRBIEKIFR

Figure 3  Growth of control group and Aspt7 strain.
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20 mmol/L H,0, fJ CM K F= 5P e, 28 C
HRERE 3 d, Z5RWE 4 PR, Aspt7 TEHERp
1 d JE A & RS F X iR, HANEIH AT LA
i Aspt7 BBRXT HyOp AR P AR 55 A 52 1k
T'f 20 mmol/L H,0, E"Ji%ﬁ‘%%iﬁ?%ékﬁo
2.5 XEEE qRT-PCR 7317
2.5.1 Spt7 XJ SAGA EEYHEETENE
7RSI Spt7 XF SAGA AW b HA I K
AOsZm, EECOCEE T JE GenS A1 Ada2 JEF7HE 5%
oA, WE SA FoR: Aspt7 Btk spt7 ANk
%, GenS [UFESEACEELXT BRAAAR T 236 fi5; #E
W E R spt7 B2 T GenS, 1 Ada2 FO¥E S
K HEXTHRAL R T 0.9 £
252 EFEKHEXEREM qRT-PCR 7347
PARA KA RELH B qRT-PCR 28T, &
5B /s, AT XA, Aspt7 BERERY ras F2A
SR RIE 0.69 15, sch9 FE RS £ KF- T
2 fs fHRE hemd FER BT 1.5 %55 arg2 HEA
WP 15, sch9 B aRY spe7 #HR H R

Sodium
Glucose Xylose Fructose Saccharose Galactose Arabinose Maltose Lactose Mannitol acetate
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1d

2d 3d

Control

6 mmol/L

10 mmol/L

15 mmol/L

20 mmol/L

Control

Aspt7

Control Aspt7

4 Aspt7 SMBEREFAEIRET H,0, BFIEFE EEKPENE
Figure 4 Growth morphology of Aspt7 strain and the control group on the medium with different

concentrations of H,O,.

P, VLW Spt7 HAES SR SR e s R ¥ 5
1M} ras F& R 5% St A B 5 spe7 MRMEJE R JEA
BH, htmAd 5 atg2 WFEEHEEY ada2 M,
HEW Spt7 i 3k 52 e HAth % 55 PR -7 >F [ 42 52 ey JH:
sk,
253 FHRAEXEENERKESHT
xR MEL, Aspe7 RS A7 B B %
ik, AFISCHR[11-14145% : 2504 MF I R rH
PR N Flb 4 b PR 35 8 42 LA K il
BrlA. WetA Fil AbaA 4R NiiFikie. HOodH:
#47 qRT-PCR il Z5HR 401 5C s, mbr
spt7 ¥t FiEE#E %12 FIbC. FIbD. FIbE. FluG
EREMANBE , Aspt7 %) wetd . abad . brid )
SR AKE AT T X B A MR T 529.93 4%
172.4 f5H01 9.61 £i5 . WA spt7 HAERE S EHAT

TR R A o
254 MRERFBREHEXEENERKTE

RS XF HRAAH L, Aspt7 WRRAERK AT HE
G0 | VR BRI, X RERER RS T R BOC B
filg OF 17 B S OKCF B 0 B o 0 B R R
(transketolase, Trk) . S B — % MR Mg ¥ 44 1
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Figure 5 Relative transcription levels of corresponding genes in strain Aspz7 and control group. There is no
difference between the control group and Aspz7. *: 0.05<P<0.1; **: 0.01<P<0.05; ***: P<0.01.
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