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VLR KA TR, Tl AR FMEALRE, L5 I8 214122

FE: [ B RS crgA BERITE = AP & RS D B s e L [ ik 1ok = #IAihiss crgA
FEPRIEFIF split-marker SRBEFRBRIZIE ; FERAUFE . SCHEREIE N K | 250 DR A RUKFE45 5T
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FEAE DR G REER T B G RE EL R L SR W B4R FE K 120 h 5 B-#H % D R Rt de s 1 31.2%.
B crgA JER BB T ABNEBRE G, TR 28R [ 258 ] crgA FEREEE = A e i A

FEAERES), FREIL RN N RO RO AEZE S PRGN, AR T
KA. —ffifigs, KOE MR, crgA BN, GIREER T

KAE MR KA ZFEYFINRER R
SRz, Hh - M RAFEMLLER BABRM
PUAALTER, REAETEBRALIA A H AT 8 f 35t 15
0 NG O ViR ik i N i RN K= 2
TRV A T BN A N R
FAIY . FA R, ORI AR A
KB, KIS MROER, SN2
MR R E, fE =R, S b
FoEl i R IR (MVAGR A Y. 1558, 3-5%
F-3-F KL B A A(HMG-CoA)fE HMG-CoA
WIFEEFRE T AR R, Reaid2d
A S0 B AR ALL R, PR T AL R ML il
Zb i - =ML 7 MVA &2, hmgR St

N4t HMG-CoA i JE R — BRI, 2
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A kB IR mewe-1b #1 mewe-1c 78
RN B AL, LR Y B 1 3[R A A 2
B DR OCHRE AR R T crgA 4afid) CrgA
HEAHAZ REEMNTEME, BE%E Mcwe-1b 72
FACDIFE IS A b 2 OC Bl I [N Ay i F R IR R
K N F KRR i kB = A
PR IE R AEAE crgA M RITEFEN, Kz kS A
PG BT crgA SRR R RAS T, RBAS K
EHP ARG S DR RAY, RUITE =i
FrEEER B R crgA LR EEIAE RS
ARSI, Rt crgA FERFE = fuAi
PR IREE R £ 4 M IO SCIIGE . T =
Prag e B-# S b RAFE ML R R A
BR, DRI B R P A T B R 1 A D B il s 2
S DR G BE HA EE AENE B SRS
HIZS TR . ASS2EG DL = F A P 85 07 B g WX
%, I sElE crgA JE DR IR FH 8 DR v o o s
Xof H R TIhBE B A Ab 3R, DIBFSE crgA KL X =1
AL a2 D 2R U2l

1 AR

1.1 ##

111 BAVRRIEFREL: AT AT KRR =
#1457 %5 (Blakeslea trispora)NRRL2896 i, —
feufihrag UL T 85 R 5E 05 95 . 0GR gt 5°%%
A 2%, Bk pH; FFEFRIE@QL): &
KHy 30, KEH 50, KH,PO,1.5, MgSO,-7H,0 0.5,
pH 6.5; AWEEFRH(g/L): F KKy 50, KA 25,
KH,PO, 1.5, MgSO,7H,0 0.5, ¥l 40 mL/L,
pH 6.5; Fr k7R3 121 °C K 20 min £ 1.
1.1.2 &5 ELPH DNA iR & B mkoR)
S H KRR AU AR AR, & RNA 2
Bu5n & A 7R MBS A Y128\l Ex-Taq RA 1

actamicro@im.ac.cn

SYBR® Premix Ex-Taq Il 4 | TaKaRa /A #), ¥
fit . £FAE MG . WA R B 8 Rk AR A
IR . AMV F—4E cDNA & RFI & . 519
BRI 38 A AR R () B A BR Y
mldet, A 3 A 24 A 2R A R
/NH], FaBW: 0.6 mol/L NaCl; ST ¥k : Reks
188.2 g/L, Tris1.2g/L, pH7.5; STC I&AWi: ek
188.2 g/L, Tris1.2g/L, CaCl,2.78 g/L, pH 7.5;
PTC % : PEG6000 600 g/L, Tris 1.2 g/L, CaCl,
2.78 g/L, pH7.5; LI WK 115 °C K& 30 min,
1.2 =ffmhrEmigst

W B 100 pl — 840 s 07 R - Bl 22T
BRI b WA 5] R B 25 °C Ky Ak o
4-5d, FFEELZKIEEA A, FE RN T
7 IR R 1x10° N /mL ., W HBUH A= 6 TR &2
47 50 mL R 3537 219 250 mL =AM I E T
L, T 25°C. 180 r/min 1535 48 h; W Fh T
Z R RS E(25 mL/250 mL) T &R ek 55, Baph
=0 10%.
1.3 crgA ZEEMTIRE

BRSO R, B0 B IE R
2 RARAF L2, SR I TE B AT S 2 A 8
FOM, FETE DNA R SR BUE R A . DLz
41 Rt , MR 1 51 9E1 T PCR.LFTA PCR
P EERE R pMD-18T 2k, RIGHAL = KInHFH
DH50 FR4 3, E B 5 T -
1.4 Gene deletion cassette HJ& X,

crgA JE[H 1 4% split-marker 309 3207
P 2 %% PCR [V RS s bRk dAc, LB 4n 5]
1 fiR. TE55 15 PCR M H, HRAEIIAZMY crgA
SR PP ST 519, DAY RS 1 kb 24
SO EiRY/8 = S T N I OB A TR R LR = 1
He[H(hyg), ZHEEF BB pCSN44 4 3Tk,
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Table 1. Oligonucleotide primers used in this study
Primers Sequences (5'—3") Purpose
Fu/Cu GGAAATTAAGCTATGCACCGCAGTATAGTC crgA clone/complementation
Fd/Cr TATTTTCATATGGAACAAGATTTGTCTATA crgA clone/complementation
Cd CGTGGATCCATTGTCGAACGACAAGGCAGT crgA complementation
Cf TCAAAAATATTAAATGCTAAAAATGGAGAA crgA complementation
hF GTCGGAGACAGAAGATGATATTGAAGGAG hyg cassette
hR GTTGGAGATTTCAGTAACGTTAAGTGGAT hyg cassette
5f GGAAATTAAGCTATGCACCGCAGTATAGTCA 5’ flank region
5r ATCCACTTAACGTTACTGAAATCTCCAACAGG
AAGGTTTGAACAGAAAACTCTTGTAGC 5’ flank region
3f CTCCTTCAATATCATCTTCTGTCTCCGACACA
GACGACTGAAGAGATGATTGATGAACT 3’ flank region
3r TATTTTCATATGGAACAAGATTTGTCTATACTG 3’ flank region
hf GCGAAGAATCTCGTGCTTTCA Split marker
hr TCCAGAAGAAGATGTTGGCGAC Split marker
P1 AGCCTACGTTTTGAGTAGCTCGATC Confirm mutants
P2 ATACATTGTTGTGATGAAGCCACAC Confirm mutants
P3 ATGGGCATGTTTTTGGGCTAGCAGT Confirm mutants
P4 CGCGCAGGCTCTCGATGAGCTGAT Confirm mutants
P5 CTCCTACATCGAAGCTGAAAGCACG Confirm mutants
P6 ACTCCTCTTCCAAGAGCACTAGGTA Confirm mutants
hmgR-F AAACGATGGATTGAACAAGAGGG RT-gPCR
hmgR-R TAGACTAGACGACCGGCAAGAGC RT-gPCR
carB-F TATTGGCGGAACTGCTACTGC RT-gPCR
carB-R CCCTGATCAAAGCGATGACC RT-gPCR
carRA-F TCTTGAGCGTCGTCCTATCC RT-gPCR
carRA-R GCACGGTCAATTATCCAAGC RT-gPCR
tefl-F AACTCGGTAAGGGTTCCTTCAAG RT-gPCR
tefl-R CGGGAGCATCAATAACGGTAAC RT-gPCR
(A)
sp 3f \ ©
24 : pCSN44
— cred >— 5371 by‘ 5 H{_HG |
N X
| | oy 1 (3]
5 HYG — ered
(B)
St hr,
)( mX —( 5K HvG [ 3+—
HYG
l hf l 3
&l 1. Split-marker %888k crgA EE AISKEE
Figure 1. Disruption of crgA with split-marker strategy. A: Round 1; B: Round 2; C: Deletion.
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HoAD T B K WEIR 5% M L [ (hph) 1 trpC )5 30
Fo TES TARRESIEM PCR ., 435K R 5
B AR T JE PR FEAE — B AR A

15 =fufihrss s A Bk & R i

W 15 SR 00 TR 22 VR TR 1 B b 28 4T 8O
PR e 2 UK, SRJG RSO 22 AR I A 5 mL &2 5 il
ZIFBETHIK L, 28°C. 75 r/min #HOLEHE 2,
ISR SR AR S O . o AR
206375 B FlF+ 3% 2T 4t K i +39% M 41, pH 6.0, i
BRI RS L R A A, K
FER 4 JRIRER AR UE L BRTA 22, 4000 r/min E.0r
10 min, KBk REIEHRB W ELRE, L 2 KikE
J A AR IR o — AT o B A AR e Ak 5 vk
0 Turgeon ZEMIFF R FFMs A ksl . #5345 00 I A JiR
A ST IR BESL: 2 ¥k, 4000 r/min 25.0> 10 min,
M STC WSWEHTEIF AR, IRk EmpEE
1x10° ~/mL. WZHL 200 pl J5i2E i BIs i, A
5-10 pg split-marker @EBRERA R B, B FrkoKHik
7% 20 min ARG TR A 10 5L PTC %, 25 °C
KV 20 min, RS ENTEIR . HAL Tk
T FRUZZZ 1T R 3R 5, Sl B IRiR 258 — 2242
HEFRIE b, 25 °C 1597 12 h A R iACK H 4
REJS , FRENIN 10 mL 45 Wk 200 po/ml #1855
1 0.1% Tritionx100 [ZZ {11577 5L, T 25 °C &%
FRFAkSRE SR, Hoh 200 pg/mL B R R A e 4
P A = b AE K, T Tritionx100 B
ML S, FFRBATE, 1R 4-5 Rk
BB RPN, JHRBULH AT PCR BE
PP BPA crgA JEDR AR IR AR AcrgA T .

1.6 crgA 2k IR AR B 7

crgA LA [T MELR A split-marker 32, JEL P
[ 1-C, RUARHE AR IE R P F1is 514, PCR

actamicro@im.ac.cn

P 2 B orgA BRI R B, MR BrZ AT AR Oy
B o WG LR R B e A Ak = 0 A R AR AR R
WAL TG, R IR 4-5 W,
PP e FHMERD A crgA IR B R K C-AcrgA TH o
1.7 E RNA#ER. REFRISCER PCR

W B I AN ]S [B] 7Y & WK 10000 r/min B0
3 min PR 2244, BUE HE TR areR,
AWE R TE 2 RS B AR, Z 54 IEE RNA
PEBOAN S UL B AT, SR SR IR AMV
55 —%% cDNA G SR & Ul B 532817, 77 #1 (cDNA)
BT -20 °CIRAF S EH T — 25255 cDNA
MiBE % 50 ng/ulL, FZFRULHIFHECH] 20 pL Son A
%: cDNA2 puL, SYBR® Premix Ex-Taqll 10 pL,
5147(10 pmol/L) 0.8 uL, ddH,0 6.4 pL. SN FEF :
95°C30s; 95°C5s, 55°C20s, 40 PMEHF; %
fiftth£e > #r. 95°C 155, 60 °C 1 min, 95°C 15,
60 °C 55, tefl NEZAYNFZA -, HFEAZ
PRIPR AR A IR 50 , JIT LAAE 122 28 1t PCR
Hh, A tefl NS AN, SR 27 AR
R, RN RAZE AL FTRISIYILER 1,
1.8 K#E b RWIRBENE

B FEAN RIS a] 9 A& e 10000 r/min 5.0
5 min, REARATFAY B 22 K8 T 25 T4 40 °C T
i 24 0, BUE SO A I 2 DS FE T 22 T0 (6
WA S IO % 20:1 (2 ik : BHT, VIM)RY il
A BHT, R ETF-70 °C sk A T T — 55,
P HRIBOR BT e 75 44X, 50 °C ZE T IF A 5 mL
CEEHER, WUPE 0.22 pm A LR BT
I8, HPLC ¥:E R ik, H, @ikl h b
& TC-C18, WzhHl N 80%ZNE . 20%H i, il
K 450 nm, 3£ 0.1 mL/min, #EFERE 10 L,
IR 28 °C.
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2 FRMH

2.1 crgA FEFE TR

IS — fuAf Fir 85 17 5 crgA JE R 42K 4289 bp,
I DNAMAN ¥ crgA 2305 IR
(EMBL Accession No. AJ585199) 17 L X} 434,
PG ARRIPE SR 94%, I HL7E1Z 3K PR 1 4 ity 43 1) A
1335 bp. 1396 bp sE4xAAlR (& 2), FWIFE=FA
P8 TR TP LAELE crgA SRR (RLZE RIS A T TR
crgA FL[H HIE K 28 bp, AL A 83%, Tfiilt

83% 1558 bp

1335 bp

TR T IERE crgA FE[Hf CDS X, Ky, RE
e RAR P R P crgA SR, (LTS
HEIEMIER crgA FEEFHIIEATE LM, W
I XA HE— PRI
2.2 crgA [ RRR B bR A I

5L 0 R BUA IR AT TEZZ 1R B, 5
Fr2 12 h 5 IR B S B AR A0 HRE IS A
T BE A MERWEZITR R, A TWER
XF BT A = AT R A TR, BB IE A K
RV HAMERIEN AT (K 3-A). T

Sequence cloned: mmm
Identity: %

1396 bp

crgA I —

I
100%

1530 bp

100%

B2 Z=MHREBIE. f1H crgA EEFS L

gy

(A)

®) S flank Lkb ________3
WT, 4.2 kb | |crgd

Pl P2

— -—

5' flank 1 kb sph 1.5kb 3' flank 1 kb

crgA mutant, 3.5 kb hR hF 1 AcrgA
P. P4 PS5 P6
-« —> -«
b
© (P3, P4) (P5, P6)

3. crgA E[F Bl R E R B9 ik R 36
Figure 3.  Screening and comfirming of the crgA mutants.

Figure 2. Sequence comparison of crgA in Blakeslea trispora mating type (+) and (-).

— 25 ff 2 0 B R B R R A A E A I R )
i crgA 2L, 5T T 519 T PCR BHIE(E 3-B).
ASZE A hph JEEEAS crgA B2 B, g4
PL/P2 AR T Sk B ¥ AT, BRIz A Befe
HPAE P RESY SIS 2, IMZEACgA TRIRE WG
HASE], [FHE, hph A Bt HABLEACIA TPk R 161S
#, XFF5 9 P3IP4 A1 P5/P6, Hih— & TG
H, 5—4A0F hph o, B BeAAE HBEFEACTgA
R SR, kiR ib T PCR ¥ 15, #E
IERLIKEE SR INE 3-C fivR. Z5H S5 T3, &
hyg LA T IEBRN BT crgA JEA
2.3 crgA ZEFEXT =R HLIE - HIRE T MR

h T HFSE crgA LR X = A B 2 A g 1
SO, B AT L AcrgA FEREAI C-AcrgA B RERITE
FRBABEL 1x10°4/mL, 435HIE 100 L %
MfEZZ iRk b, 53R 1 e W W B R AE T
M b T 22 AR A R A ORI, 25 R ANIE 4 PR

http://journals.im.ac.cn/actamicrocn
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B4 ZMAHNEREER

R R R EF & ERE IR

Figure 4. The growth condition of differernt Blakeslea trispora strain in solid media. A: WT; B: AcrgA; C:

C-AcrgA.

AP B A S AR K AR T R
U £ JE AP, I KRR AT

5 E AR TEAH LG, AcrgA TR e AR 1 T 22
B, SRIGR DR, 7 AR T W R R
TEREFR AT A 0T , AcrgA TR Y 7= # Ho B
TG 3 MNEGED, TR IR R 5 3 A FAcrgA
TR R e IR O B A TR SRR O (3R 2), B crgA gk
A AT LS A Rk At o A ¢ i et
WAREMHEN G ER T, WA RES
crgA RGO, RIS ZOE IR, ELAR R A
N
2.4 crgA FEREXT B-iAE b RS HCEEEEREE
iyl

1E MVA #4257, hmgR 3K 47 i i) HMG-CoA
S T R A RS S TR 4 4 T A 5 PR SR TR R
FEATT RN, hmgR #IA & MVA 342 H 5
1Ak R E M carRA Fil carB & B-#E M ES

* 2. ZHWAE crgA EEXFEEE N RIS

Table 2. Effect of crgA on sporulation in Blakeslea
trispora
Strain Inoculum Sporulation
WT (1.5+0.1)x10° (2.6+0.4)x108
AcCrgA (1.7+£0.3)x10° (5.8+0.6)x10°
C-AcrgA (1.4+0.4)x10° (1.1+0.2)x108

actamicro@im.ac.cn

WAL FR R A 2 A SCERIE, Pl A bR
HIE S, ASCIRIE T crgA Bl ix 3 Fh o Hk
FERFB R . K 5 Hal LLE 1, 7E AR crgA
HHG, =ffhighix 3 FOCHERG L 5 R
IKFERASEIBE R, H 3 FhOCHERGIL R 4 oK P4
o A5 BB BT ] ) AR A IEASAH ], hmgR 7E & 15
48 h W sk -3 s AR K, T carRA Fil carB
WK % 72 h B 5% Sk 3R s A B R, il
w1 1.2, 1.3 F 1.6 £, XAIBES 3 FhOCHEMGLE
MVA 42 & AR AL B A . HMG-CoA i
JE AL T MVA 3842 1) i, 336 7 m 280 8 b
EI RN R IANE 5/ AR 9 A NANE 25 T
LRGSR ZIMEEEN AL T MVA &%
MR, TR AR R A TR AL R N
B-BHE b A OCH L R S KT B K R
AR BT ], AHAEHE A B 5 1 B v e SRk R
A HIEE R, VLB crgA Ji RN DG S it 5L R 1
PAYE AL . 4 crgA ZEFH B 3 A FIACrgA H
PRIG, 3 FlOCHR I IR (4 S W] 2 203 (K1 6),
X W] crgA SR RBUS T G I B R i Rk . (H
C-AcrgA TR AR G Hl L [H () e SR I AN 58 4 5 B AR 1
—3, U5 0.1-0.2 f5HF a1 AT AR AL K]
ek [T 32 S RO 3 A OV TR R A R i s
JEH
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FKFHRSEHY

Figure 5. Increase of key gene transcription in
Blakeslea trispora AcrgA versus wild type strain.

025t [ mer
' 0 carB
© B carRA
& I
g 0.20
=
Q
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= 0.15+
=
8
Z 0.10
2
=
& 0.05
0.00

48 72
t'h

6. =MWHIE C-AcrgA BHEMN FHERXEER
HRKERIRSER

Figure 6. Increase of key gene transcription in
Blakeslea trispora C-AcrgA versus wild type strain.

2.5 crgA ZEX =RAHE KBS Z

B = A hi s B AR . AcrgA B C-AcrgA
PR TR e B R T IR AR, WA R
AR K P RETENELL, L
FE CrgA FE RN = oA Hi g Kk B FE R R e . AW
AR 7 BiR, AWEIRRT IR, crgA Sk
PRI XS A 4 6 (4 5 ) AR AR A T, AR T

B AHARKBEREIR, ZEmEaT—8, i
FEREE 120 h J5 BT8R RS ARR I 22069 in A
W, EEARITRE . Wb B RN T R
Lo ETHE PR S 8), KRN N EFMLLR
JE MVA SR i ™), G T2 R PR
el A AEE, TR BALLR B FALIL B-1
B N MTACrgA B ZEARLT 2 14 AR S5 B i Ak
FED B S 8 T AR TR, 3 AT g2 G R il L IR 1) 7
FACEF RS R R . B-E DRI FERT )
JLPEATER, 1R RE 24-96 h 2648 T, 7EKEE
96 h 5 T AL R, JFAE A 8 120 h ik ]k
i, 5% 46.39 mg/L AHXT FEF A FEHEE T 31.2%
(B 9). M5, WLEIFE AR, p-9E bR
BB R TR, 22 b iR R SR R R
MK crgA LR B S AAcrgA HiP, C-AcrgA T
MY 28808 N R B ALK S B A R
MR, FRWITZRE PR XS = A A hr 5 1 AR KR R B RE
A o EF W,

G50 U €3 & N T - Lt PSS
RE A% 52 Wi — 960 A5 o B 0 AR R 2SR B N R AR
8, JEEA AR . o A
BRI T 2%, W —2 A A T AR AT

60

50t

=

2

% 40 L

!
107

2 ——WT
51 —— Acrgd

——C-AcrgA

0l
-5

0 24 48 72 96 120 144 168
t/h

E7. £¥METkihsk

Figure 7. Time course of biomass in fermentation

liquor.
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Lycopene/(mg/L)
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ih
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Figure 8. Time course of lycopene production.
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Figure 9. Time course of B-carotene production.
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K, FFF split-marker 324 % 5L M ik . 5874
PR H, AcrgA BRI P FRE ) 32 BIBR I, {HOCHE
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Regulation effect of crgA on carotenoid production in Blakeslea
trispora

Zunyang Gong, Wei Luo’, Yao Du, Xiaobin Yu

Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi 214122,
Jiangsu Province, China

Abstract: [Objective] We studied the regulation of crgA on carotenoid biosynthesis by Blakeslea trispora.
[Methods] crgA was cloned from B. trispora and then disrupted by using split-marker strategy. Phenotypic
characteristics, transcription of key enzyme genes and carotenoid accumulation between the wide-type and mutant
strain were compared. [Results] In contrast to those of wild-type strain, the spore-forming ability of the mutant was
weakened but transcription of key enzyme genes in the pathway of carotenoid biosynthesis increased and
B-carotene production in the mycelia was improved by 31.2% after cultured for 120 h. After crgA was transformed
into the mutant, the strain restored the phenotype as those of the wild-type strain. [Conclusion] crgA could regulate
spore-forming and mycelia growth. Besides, the gene controlled carotenoid synthesis by regulating the transcription
of key enzyme genes, which indicates that crgA is a negative regulator in Blakeslea trispora.
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