[DGR7E=(

Acta Microbiologica Sinica

2016, 56(7): 1113-1122
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20150438

Research Paper

LBTRIIE £ AMPRUS X H A BRTH REAO ST
HMM", BREE", HBE, dxnt

LRRFESRRE SHARRRESLRE, T LY 214122
PVLR R DA E YR B E M E SR, T B8 214122

wE: [ B ] BRFOCRERIUEERE (Candida glabrata)™ AMPACE M HCAR LA 12 261 14 A4 AL
Hlo [ vk ) RV 320 B AR B K cgade 12 (ORF CAGLOK05027g) Flcgadel 3(ORF CAGLOB02794g) 4
MR MRcgadel24adel34, 5 R WEMR(ATCCSS) LWEATPIK- | A A G il i PR A b A & A8 1k
ST AAMPCIEX T AR 2, X L B R HLRR A T AR KSR N PR 281k, BF5T AMPAR I
AL G BRI LR MR e it Az PR 2 m . [ 2551 ] 5 R EHRATCCSSHHLL, cgadel2Aadel3AN
ATP/KFE TR T 12.50%, HATCCS5HIL, cgadel2Aadel 3ATPFTRERR G UG . SRR S . SHATBERR
Jit U . o R B SR TEE S E T T 31.26% . 19.45% ., 28.96% . 18.36%, AR . a-Hil
MR . SERER . BEFARR SR IR T44.11% . 73.60% . 50.00% . 65.68%. M PN I R R vk BE T [
20.00%, WIEHRR =& FFE73.11%. HATCCSSHLEL, cgadel2Aadel3ATE0.4%NEIFR . 0.6% 3551
0.2% R ME T B IR EE 2 M T78.71% ., 11.21%M12.71%. 7E0.2%LBRMHE T, ik
cgadel2Aadel 3AMH -ATPaseldi P . ANMIBESEHERE | AN L 57301 Eb Hh R TRIARATCCSS BT T7.04%
8.71%. 25.14%, ROS/KF-TFRET19.51%, [ 4518 ] 3 cgadel2. cgadel 3R FEHMRFIATPK - F
K&, TCATEIRTEMERA HLIRTT 2244 LT,

XBEIE: JCIERIUGERE, AMPUE, BRGTICH,  m Rt

ERUEDI AN, WP EEWEE T REENEE R, AR e Az
F, AR UE B A RRE . EARE T RREE T, A DR S AR iz A
MIBE RN, R EmE AR FERFMN RN Z G AR R A, ATPYE 4]
ATP, NADH, NADPHAHICoAZ% 1L M4 iy FELPY Y E SRR A, R AR W A0 P Y A
HEE AN T, NAD(P)H/NAD(P) 2 S i I, R PR A BRI EES (1) VA IREE

EEWH: EHEARPAEES (31270079, 21422602); E%<97311417(2013CB733602)
BIE1EE . Tel/Fax: +86-510-85197875; E-mail: mingll@jiangnan.edu.cn
WS HHEA: 2015-09-27; 1&EIHHER: 2015-12-30; MIKHABEE: 2016-01-13


http://dx.doi.org/10.13343/j.cnki.wsxb.20150438

1114

Congcong Jin et al. | Acta Microbiologica Sinica, 2016, 56(7)

SO RS SRR () @it s0
AR 55 R 40 B A AT DG B 5T A B 1, R
FRRRAEBCE; (3) M EARRE RS, TFE
ReS T REA IS B R W ks 5 (4) a2 e
RGP E AR AR BIRE .
A ) 240 L P AMPAR 35 AT AR 5 I 9 ATP K™
Z 54 AL RE A A fb KO, DT R e AN 32 Bl i
i, fH9 RS HARMWTEABERL . diiE
DEFZ BB AR, WINAMPE S 53
AMPRIG I, DRI RE A 28 e O R A it
B4R SR 4 2 DR 2 v B AR 5 R 2 R ) 2%
RIRUR SR T, K g T G BRI B AMPAR Y
WA, WMEFTR, AMPAM#EE ME it cgamdl
e R 1) i FE A I IO R T A4 £k A i B IMIP 5 1T
A RGERNA . PAPRPPAE LY MY M K& ik
18 YRR Ay ik U 1 1 TR AC A 425 T i M2y Ay ke
BRI G RE . BI240 6 BB FEIMPAR A2 X,
Fil it cgade 1 23E N F BEFARR S AL R IR B2 L35 F1
M2, X—a] =¥ rE cgade ] HEAL T PERLBEFAR
AL BAMP, BRI RERE ISR R, AMPA Y

PRPP ATP
ADP

Adenylosuccinate

1
: |
| l CgADEI2 CgAD]ii\ |
! 1
! \ Succinic acid :
I L 1
I 1

Hypoxanthine

B 1. ABEkEEGhAMPR IR
Schematic of AMP metabolism in C.

<«———  Adenine

Figure 1.
glabrata[ﬁ].

actamicro@im.ac.cn

Wit Nadel2 . adel 3B, SEEN
IMPIk 425 , AXP(ATP+ADP+AMP) /K[
fiko THTAMD 1A S ) S 8OH 255, BRE)
ML ATPK 4 R o Y 7E 5 35 B R R i i 41 B
AMD R TR I ATP/K -t — 252/, GTP /K
VR, EARI AR Z B0 . G BRI R
Az 7 TN T TR ) T AR, LD TR R AR 32 B
ATP/K R0, {H AMPAR GG I BRAD B £ A=
PHIIRE 52 ] (7 AN 175 087 o

R, AR SCLCIEERIUBEREATCCS SR R TR
¥k, M#tcgadel 2Fcgadel 355 K XL 2k T #E
cgadel2dadel3A, FFHEH EWHRATCCSS 5
cgadel2Aadel 3AATP/K- . PEARR A P= I RE
B AR I P S B Tl 5 2 0 e R A R 4 75 1 AR 5
AMPACBICE X bRk A G o B R s, e st
— 2 HLRBR B A TR TR B LR W3 P A4 e o
b, EAL AT RES AL, AT AMPACISXT T
PRA=FPERE R SZ I

1 ARy

1.1 MR

111 SEBRRIBORL: A58 or 8 %) B Ak DL
£1, FrHBRipMDI19W A S AE WA TRE(CKIE)
ABRAHE],

1.1.2 BEFEE: (1) LB HAM10gL, W
RS g/L, SEALEN10 g/L, 121 °CKH 15 min, (2)
YNBR;FE 5L W90 20 g/, O REEER AR
7.6 g/L (MBHELITH L, Whn—E AR L
FHHLER), 115 °CKHF 15 min, (3) KEEF 11555
$L. HIE20 g/L, KEGEAMI0 g/L, BR_S
Bl g/L, BE/KFIEREE0.S g/L; 121 °CK T 15 min,
(4) REER SR, HAM00 ¢/, JRET ¢/L, B
MR A5 g/L, LFREN3 g/L, L/KBiRREE0.8 g/L,
JRUENE0.04 g/L . #HZEFR0.04 g/L. {G5[20.04 g/L,
115 °CKE 15 min, i HHTHIIA LT U8 BR324



B AN | YRR, 2016, 56(7)

1115

1. KAKERERRE
Table 1. Strains used in this study

Strains Relevant genotype and property Source

ATCC2001 C. glabrata Wild type strain Presented by Prof. Dr. Karl Kuchler"”
ATCCS55 C. glabrata ura4Ahis3Atrp1A Presented by Prof. Dr. Karl Kuchler”
cgadel2dadel 34 C. glabratadadel2::his4; Aadel3::trp1;4ura3 This study

E. coli IM109 recAl, supE44, endA1, hsdR1, gyrA96 Stored in this lab

R mL/L, (5) 4 EZRW: R4 mg, BilR
2 mg, MEMEE40 mg, MAFR0.8 g, A2 mol/L
HBRAMERZLL, SRR
L13 SR () fHEIR: 500 mLEEHT
REFREEN50 mL, T30 °C. 200 v/minkdf, (2)5L
TERWE: KIERGFRHEARRB L, HFha10%, fiidt
M H400 r/min, WA E2.0 vvm, H8 mol/L
NaOH¥E HIpHAES. 52247 o #F1 5 K400 r/min,
2.0 vvmZRF T B AR AR E 9100%,
IR AR 22 40% S 20% J (B G55 ook v S e
TEFA R FRE T
1.1.4 FESFIMTEE: F2 THAMATag.
ExTaq. Primstar. PRI A 54946 T4
(KIEVAMRA ] A 2RR &0 A et RARAEY)
HARNA; PR ETCFPA-SE [5(6)-Carboxy
fluorescein diacetate N-succinimidyl ester] . &%
RCCCP (Carbonyl cyanide 3-chlorophenyhydrazone)
HE DCFH-DA (2°,7’-Dichlorofluorescin
diacetate) ¥ F Sigma/A ], HH PR BELHEH I
FHOXOIDAH], ZMENEM™ @i, il
oy pral, e A b E 2GS A AR TR
WHARN T 510G AN E TAER iR )eE
PR A E 5E
L15 5% AW IYER2.
1.2 SRREBREHE SHAE

o I53% RE F0 A EE  R  J Sk ik b A T
I cgadel 2Micgade 1 31wk 73 5 LA cghis 31
cgtrpl NERCHEER , PAC. glabrata ATCC20013:H

HAE AR PCRAR B R AE - B, #4) R SR AE
2R 1y SR A B R A 1 v TR B R SR AE R B A A
WEREEAZ S . TE B A RMENE . (2RI YNB AR
i tkcgade I 28R MR, 165 A IRIEIE ) YNB--
M it cgadel 2Flcgadel 3R XUBREFE . HEEUFH
P AL T 10 35 R 21 3 LA I () BIE 5 | 0 % 5 Ak 7
PEAT B IE o B S BH P Ak 1 10 X B0 4 i
PBSYE G s B F IR AR UR2 min, 4 °CHfk,
PBSHii B 22 ODgoo=1 FI AR R, RHERAE 2 AF: Uik
JE2°C, TAERFEI10 min, TAEL sf52s. ZUHM
FH A B R0 A B FR B 15 It R AR 1 35 30
SREERTEYE, FAAEMES SOk P

1.3 HINATPKFI "

YB3 B 0P RO I TR, RIS T T 4
FnAGE R BIPBS (0.2 mol/L, pH 7.4, T
i), 4°C. 12000 r/min#.[>2 min, F|FHPLCi
PRI GE g (A% 4. Agilent ZORBAX SB-Aq
RAKE, KK UV 254 nm, #ER35 °C, #HkE
H10 pL, il mL/min, JaIFHABERREESE R
(10.93 g R — 54N, 3.04 g HEIRA —4M, 3.22¢
PUIE T 3RS, BAUKERRIL): JE=86 : 14,
A & e i s R AR . ATP/KF=ATP
TR/ TR B
1.4 PR S EEHREE . B RIS ma TS Mkl

PR 2 % 3 2 e B R HPL & A 7l o
T A 3 o O S il %) 3% P R PR A B L e 3k 1 A
2, HIRES% Zhou S,
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R2. AMREAERBISI4
Table 2. PCR primers used in this study

Primer name Primer sequence(5'—3")

Function

P1 ATCAAAACTGGCAATACCTAACT cgadel24 Verification

P2 TTCTTAGGTAGAGCATTTGCG cgadel24 Verification

P3 TCAGGTTCTAAAGTAACAATGCC cgadel2Aadel 34 Verification
P4 CTATCTTTATTTCAAACAGCGTG cgadel2Aadel3A Verification
P5 CGGGATCCTGACAAATGTGTTTTCTTCTG cgadel? deletion

P6 TGTTTGCTAGTTATTAATATAGAATGGCGTTTGTTAAGAGGG cgadel? deletion

P7 ACTAAGGGTGTCCTAGCATAGTTGAAAAGCAAATTTAAGTCT cgadel2 deletion

P8 CGGAATTCCCTGAAATTATCGACTGTATG cgadel? deletion

P9 GACTTAAATTTGCTTTTCAACTATGCTAGGACACCCTTAGTG cgadel? deletion

P10 TCTTAACAAACGCCATTCTATATTAATAACTAGCAAACAATC cgadel2 deletion

P11 CGGGATCCCTTTTGCCTTAATTTCTACTTCT cgadel3 deletion

P12 AAAGGAATTTACTATTGAAAATGTCATTTGATTCGTTACTCG cgadel 3 deletion

P13 CAAAATGCAAAGAAACAATGATGATCAAATATTCCTCGGACT cgadel3 deletion

P14 CGGAATTCGACTAATTCTGTGAAATGCAAG cgadel3 deletion

P15 AGTCCGAGGAATATTTGATCATCATTGTTTCTTTGCATTTTG cgadel 3 deletion

P16 ACGAATCAAATGACATTTTCAATAGTAAATTCCTTTTATTAT cgadel 3 deletion

" ” indicates homologous sequence of BamH 1.
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TR 5 IEHAT
1.6 FIPIROSKN- B Hfa N pHIlSE
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cgadel24 (K12-A). TEW Phegadel 24554 -, L
cgtrp I NARC RN FiBR cgadel3. LIPS, P6HSIH)
B UF A BR TG O, FLAE 2000 bpAbh A7 fE 45
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i B TR S Ao T P L e BRI M 4 i e
ATCC55 T B 1 98.27%H197.73%
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Figure 2. Verification of cgadel24adel3A by gel electrophoresis of PCR products and enzymes activity. A:

Verification of cgadel24. B: PCR verification of cgade
synthetase (AdSS) in ATCCS55 and cgadel2Aadel3A. D:

124adel34. C: enzyme activity of adenylosuccinate
enzyme activity of adenylosuccinate lyase (AdSL) in

ATCC55 and cgadel2Aadel34. M: 10000 bp DNA marker; lane 1: PCR product of cgadel24; lane 2: PCR product of

cgadel2Aadel34; lane 3: PCR product of the control group.
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Figure 3. Changes of the intracellular ATP level in strain cgadel24adel34 at different dissolved oxygen

concentration. The intracellular ATP levels of cgadel24
concentration at 100% (A), 40% (B), 20% (C).

adel34 were measured controlling dissolved oxygen
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TR FNBEFAMR 1) & /o0 4 T 44.11% . 73.60% .
50.00%7#165.68%, FWERH TCATEM IR ZE
H(E4-B), (4) BN RERNRR & & F T
20.03%., TaFH BRI P %) A IR R i i 50 240
PPN & B R R, DI T BRI IR R
(K4-B).
2.4 WBrEHCcgadel2. cgadel3XTERIME N 321
IR e

AR LR S LAk BE e B R RIARATCCS S
S Witkcgadel 24adel 3AR9 £ KAED, WESHTIR.
KIL: (1) FEYNBEFEEE IS IN0.4% PSR . 0.6%
SERIRI0.2% LT8R, Witkcgadel2Aadel 34 TR A
W L R BRRATCCS S0 5 T78.71%. 11.21%
F12.71%, (2) FEYNBE; 5 I A1 % P9 B R |
2% FEIRBRAN0.5% PR, cgadel2Aadel 34 5ATCCSS
YIRReE K. A 12 05, Hitkcgadel24adel3A
B TR AR BE HEHE K TRIRRATCCS 503 53 17 72.12%
20.18%F1121.25%, X —25 R F W, Wk
cgadel2Aadel AN NTRRR . 31~ R RN IR W TN 52
Ve TR HRATCCSS, HrpTE 2 ii F Y
B,

3. AR AEIIESHELR

Table 3. Comparison of parameters during pyruvic acid fermentation process

Strains
Parameter Change/%
ATCCS5 (A) cgadel24adel3A (B)

Culture time/h 60.00 72.00 20.00
Maximum dry cell weight/(g/L) 13.81 13.12 —4.92
The titer of pyruvic acid/(g/L) 23.80 6.40 —73.11
Glucose consumption/(g/L) 97.00 73.62 -24.10
Growth rate/[g/(L-h)] 0.23 0.18 -21.74
Pyruvic acid production/[g/(L-h)] 0.40 0.09 —77.50
Glucose consumption rate/[g/(L-h)] 1.62 1.02 -37.04
Yield of pyruvic acid on glucose/(g/g) 0.25 0.09 —64.00
Yield of pyruvic acid on DCW/(g/g) 1.72 0.49 —71.51
Yield of DCW on glucose/(g/g) 0.14 0.19 35.71

actamicro@im.ac.cn
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Figure 4. Changes of carbon flow metabolism in strain cgadel24adel34. HXK, PFK, TDH, PYK means hexokinase,
phosphofructokinase, phosphoglyceraldehyde dehydrogenase, pyruvate kinase and CIT, KGD, IDH, MDH means
citrate synthetase, o-ketoglutarate dehydrogenase, isocitrate dehydrogenase, malate dehydrogenase, respectively. PA,
CA, KA, SA, MA means pyruvic acid, citric acid, a-ketoglutaric acid, succinic acid, malic acid respectively. Strain
ATCC55 was used as control strain when relative enzyme activities and inter-metabolite concentrations were analyzed.
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Figure 5. Comparison of strain ATCC55 and mutant cgadel2Aadel34 for acid tolerance. Cell concentrations of
ATCCS55 and mutant cgadel24adel 34 were measured in YNB medium with 0.4% (A) and 1.0% (D) pyruvic acid,
0.6% (B) and 2.0% (D) malic acid, 0.2% (C) and 0.5% (F) acetic acid respectively. —e—: ATCC55; —o—:
cgadel2Aadel 34.
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Figure 6. Differences between strain ATCCS55 and cgadel2Aadel 3 in intracellular environment under stress

condition. 0: ATCC55; m: cgadel2Aadel3A.
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Effects of AMP metabolism on physiological function of Candida
glabrata
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Abstract: [Objective] The aim of this study is to investigate the effects of AMP metabolism on the physiological
function of Torulopsis glabrata. [Methods] Strain cgadel24adel3A was constructed by deleting cgadel2 and
cgadel3 with homologous recombination, and was used to study the effects of AMP metabolism on carbon
metabolism by comparing the ATP levels, enzymes activity and inter-metabolite concentrations of carbon metabolism
to that of ATCCS55. And the effects of AMP on metabolisms on organic acid tolerance were studied by compared the
cell growth and intracellular environment of cgadel2Aadel34 to that of ATCC55 under organic acid stress. [Results]
The ATP levels of mutant cgadel24adel 34 was decreased by 12.50% when compared with that of strain ATCC535.
The enzymes activity of citrate synthetase, malate dehydrogenase, isocitrate dehydrogenase and a-ketoglutarate
dehydrogenase was increased by 31.26%, 19.45%, 28.96%, 18.36% and the intracellular citric acid, a-ketoglutarate,
malic acid, succinic acid contents were increased by 44.11%, 73.60%, 50.00%, 65.68%, respectively, compared with
the corresponding value of strain ATCC55. However, the intracellular concentration of pyruvic acid in mutant
cgadel2Aadel3A was decreased by 20.00% which led to a 73.11% reduction of pyruvic production in fermentation
broth. Compared with strain ATCCS55, the cell concentrations of cgadel24adel 34 were increased by 8.71%, 11.21%
and 12.71% grown in YNB with 0.4% pyruvic, 0.6% malic acid and 0.2% acetic acid, respectively. Grown in YNB
with 0.2% acetic acid the H'-ATPase activity, cell membrane integrity, cell membrane electric potential of mutant
cgadel2Aadel34 was increased by 7.04%, 8.71%, 25.14% than that of strain ATCC535, respectively, while the ROS
concentration was decreased by 19.51%. [Conclusion] The deletion of genes cgadel2 and cgadel3 resulted in a

reduction in ATP level but led to an increase in activity of TCA cycle and organic acid tolerance.
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