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PosSp on the Defense of Oxidative Stress
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Abstract: In Saccharomyces cerevisiae, mitochondria NAD(H) kinase Pos5p has significant function.
Absence of POS5 gene leads to antioxidative dysfunction. In order to realize the mechanism of
anti-oxidative function of Pos5p and its relation to the conversion of coenzyme NAD(H) to NADP(H),
we compared the growth phenotypes of wild-type BY4742, POS5 gene deletion mutant pos5SA and
posSA containing POS5-YEplac195 plasmid (pos5A/POS5-YEp) under exposure to different kinds of
oxidative reagents, and assayed their intracellular coenzyme concentration by the high performance
liquid chromatography (HPLC). The results showed that only the pos5A had obvious growth defect un-

der all of the three oxidative reagents, that is, superoxide anion generation reagent menadione (VK3),
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hydrogen peroxide (H,O,) and GSH consumption reagent diethyl maleate (DEM), while the tested

anti-oxidative gene deletion mutants only had growth defect under their corresponding oxidative stress.
In the normal growth condition, NADPH content of pos5A reduced, while that of pos5A/POS5-YEp in-
creased, indicating that Pos5p play an important role on the supply of NADPH. Under the exposure to
VK;, H,O, and DEM, the NADP(H) concentration of BY4742, pos5A and pos5A/POS5-YEp all re-
duced, with the ratio of NADP(H) to NAD(H) in pos5A decreased most obviously. The research indi-
cated that under different kinds of oxidative stress, PosSp could exert NAD(H) kinase activity effec-

tively to supply NADP(H) and thus had an important antioxidative defense funtion.

Keywords: Saccharomyces cerevisiae, NAD(H) kinase, Oxidative stress, Growth phenotypes, Coenzyme

content

U S8 A A A AR 2o R AN BT 7 A T M R
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A LU0, Ak Hy0, F1 05, 3 A AL WA CAT N
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FEAMEH BR(GSH) . B 8UiA 8 1 (TRX) . 443 C.
Y E R R, Hp GSH AT TRX 3£ n] LA
Pt EACEE AN GSH AL YIEG . TRX i S (L i
Ph R A SR 3 VA5 0 Bl R, R AR B AR R i
FERM, i GSH, TRX MBS L/ A T
HAR R, e EsE G, w25 oK
NADPH 1) GSH i&J5i sy, TRX i J5 fifE 47k :
GSSG + NADPH + H" — 2GSH + NADP', A ReikE
WY Uk NADPH A Ak R G HEAE TR

TE TV % 1F (Saccharomyces  cerevisiae) 2 R A4
P, NADPH Kyt ny 18 244 W fh: —Fp & i
NADH 7t NADH i /E T 285 1R fkJE il NADPH;
b —Fh & NAD' i NAD' ¥ 5 28 W 1 1k 2k ml
NADP", 2 NADP -t i 2 i (4n £ e i 1
Alddp/AldSp, 3E SRR Maelp, 54755 R I = it}

Idp1p)if JFHE it NADPH™ i £ kifk iy H A —Fh
NAD'J#4 Al NADH 3, Bl NAD(H)#H§ PosSp,
‘X T NADPH ML A HEZEMEN . POSS HEH 1)
o 53% fE A5 200 b X} S Ak e % v SR R i B ) R
PR, LRI P BB AT P A A B
ALY AL Sod2p. GSH i3 A LW Gpxlp.
GSH 8 J5if Glrlp. TRX iR JE i Trr2p 5L KB4
WEHA ., SABEASEEAR",

YT % NAD(H) B 5518 RGEZ A O
F, AT 76 A 6] 26 8 1) S Ak o iR VE
By R R BY4742 . B KR posSA K¢ FL Rl Ab
posSA/POS5-YEp I JLFRHT 58 Ak 35 PR il 2 4 1) A=
FEA I T R RO AE 2 5% (HPLC) X BY4742
posSA K pos5A/POS5-YEp PN F T & 470
JE, TRIT PosSp MAMMEPTA L R MIEH . AL
TR 3 AT M A AR (A R 2R L A A
AL GSH ARG (1 SRR — 2R . —BEi%)
el ZRMR D 2-F JE-1,4- 2510, R4 R K,
(VKs), ER—MEARMY I, #ANRE, 458
HLFIR IR A 2, 5 O, fEFI =40, 1Y,

1 eS8
1.1 EHE

YPD $55R 3 1%MEEHMEEY), 2% 8E H R, 2%
MBS, pH 5.0, T EBIRN 0.2 g/L G418, [ERIE 77
B 2%Bi05 .

SD ¥iFRdk: 0.67%JC 2 FE R I 1) A S Al (YNB),
2% HIENE, AN LR, pH 5.0, &S FR 5L
A 2%50%

FALa R FREE: SD A VK, (SD + 0.6 mmol/L
VK;. SD + 1 mmol/L VK3), SD /il A H,0, (SD +
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1 mmol/L H,0,. SD + 2 mmol/L H,0,), SD il A
DEM (SD + 2 mmol/L DEM. SD + 3 mmol/L DEM),
RS TR B 2%l o
1.2 FRifRE SRR

AT S Fiv TR0 P97 BE R 51 T3 1
1.3 S AEENR KR E

YA AL HE B R RAK sod2glrIA 5 trr2glrl A 2R
FA )R ek A g2, UL pFA6a-HIS3MX6(J
T B (R R PR 20K, HIS3, Z N BB R Hilk) R
#2, Glrlhisf (5'-GTATATATATCTATTTACATATTAG

TTTACAGAACTTTATGCAGCTGAAGCTTCGTAC
G-3") #1 Glrlhisrf (5-GTATAGCAACAGCAGATT

GGACGTCTAGTTTCGTTGCTTCAATCGATGAATT
CGAGCTC-3") Atk & 519, i PCR Y14 H P it 43
B GLRI RN LU AT #4520 40 bp WA
HIS3 3£ H (glr1-HIS3), Z4ifb)m i MHAk sod2A Fi

trr2 A A, DI HIS3 3L B i sod2A F trr2 A 40 i
Yook 1A GLRI 3EH, @it SD (-His) - i1k FH
PERARAR sod2glrl:-HIS3 % trr2glrl::HIS3, I3
K4 PCR HiF 515 B RGE K B AR sod2glrIA
trr2glrl A,
1.4 HRKRBSH

$f £ R BY4742 . RAEKK posSA . Il kb K
pos5SA/POSS-YEp K LR ST LB K R 1A T YPD
H 30°C G 7R, DAZWREE ODgoo = 0.05 7 7% 238
fif YPD ", 43 il K5 3% 2 B0, e 4 e I A G
KPR 3 WG, 40l 2 ODgoo 2.0, 0.2,
0.02, HUF B9 40 i B3 5 uL 43 55% T SD. SD +
0.6 mmol/L VK3, SD + 1 mmol/L VK3, SD + 1 mmol/L
H,0,. SD + 2 mmol/L H,O,, SD + 2 mmol/L DEM
SD + 3 mmol/L DEM P-4k, # T 30°C 555 3-5d 5
E{ELRTRE S

R 1 AR TR AR BB SR

Table 1 S. cerevisiae strains used in this study

Ttk I R

Strains Genotypes Sources
BY4742 MATo  leu2AO  Iys2A0  ura3A0  his3A1 EUROSCARF
posSA MATo  leu2AO  Iys2A0  ura3AO0  his3Al  pos5: : kanMX4 EUROSCARF
sod2A MATo  leu2AO  Iys2A0  ura3A0 his3A1l  sod2:: kanMX4 EUROSCARF
glrlA MATa  leu2AO - Iys2A0  ura3A0 his3A1  glrl: : kanMX4 EUROSCARF
trr2A MATao  1eu2A0 lys2A0  ura3A0  his3A1l  trr2: : kanMX4 EUROSCARF
sod2glriA MATo  leu2AO  Iys2A0  ura3A0 his3A1  sod2:: kanMX4 glrl: :HIS3 This study
trr2glrlA MATa  leu2AO  Iys2A0  ura3A0  his3Al  trr2: : kanMX4 glrl: :HIS3 This study
pos5SA/POS5-YEp MATa  leu2AO  Ilys2A0  ura3A0 his3Al  pos5: : kanMX4; POS5-YEplac195 Feng Shil'!l

1.5 ‘HEAAMEER S 20

PP AR BY4742 . RAEBE posSA I [H bR
posSA/POSS-YEp 43 5il1E SD K32 H 1 3% 5 ODgy =
2.0-2.5, £ A AL K (1 mmol/L VK; 5§
2 mmol/L H,0, & 2 mmol/L DEM){E 2 h 5 U 5
7K, BT HEE B T—700C VKA P ARAE A T .

S T RORE €433 (HPLC) I 22 BY4742 . posSA
J pos5A/POS5-YEp ) Jifd 4 %f i (NAD/NADH/
NADP/NADPH) & &, I LI ZHH B4 oD
BN BT B A BB Y nmol BN . KR L 2 b
R, PSR ] Agilent 1200 5 8080R (3510 FE
10 pL A . (3% 587 254441 column stable-C 18 S AH
FE(250 mm x 4.6 mm); JisAH: Buffer A 2 100%
100 mmol/L PBS pH 7.0, Buffer B °7 50% 100 mmol/L

http://journals.im.ac.cn/wswxtbcn

PBS pH 7.0, 50% H fist . 5 B R M 25 100% Buffer A
0 min, 70% Buffer A 11 min, 100% Buffer A 12 min,
100% Buffer A 15 min, #ii# N 1 mL/min; H:JE N
35°C; K&~ 254 nm fl 340 nm,

2 GR5HR

FT T f# NAD(H)# G PosSp 7E4Hfi$E L A
AR AR, FRATTAE SN A 0 Ak W aa X 40
VK;. H,0, #l DEM i}, W% BY4742. pos5A R
pos5A/POS5-YEp A K LA IFiE iF HPLC I &
H: i N B (NAD/NADH/NADP/NADPH) & i 1)
Ak
2.1 NADH)HBEBERKIK pos5SA HIE LB FREL

B HHETE SD & SD + 0.6 mmol/L VK5, SD +
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1 mmol/L VK3, SD + 1 mmol/L H,0,. SD + 2 mmol/L
H,0,. SD + 2 mmol/L DEM #1 SD + 3 mmol/L DEM
SR AR, A TR R BY4742, ZikifR NAD(H)
PBGERAR posSA K IR#MA pos5A/POS5-YEp FlJL
Tyt 4 £ I PR g G A dnb 7 HH AN TR) 79 2 K i

2.1.1 EBER(VK)X pos5A BIBHE: VK, fENS 7 4E
A BB (O, )i A E . ZEVST 1 mmol/L
VK; i, #HXT BY4742, pos5SA 3 H I i 19 4 K
Bri, H posSA/POSS-YEp A M i A AMERCR (K 1),
U] PosSp X HRHLAR S AR LR A i an B —E 1Y
YEFH . sod2A F1 sod2glrI A 1,3 30 48 ™ 8 1) £ K Bl
K, UEWIZRIIA SOD ik = 1 55 25 3 3 40 ML A RE A
SCHLTE RO, WIMME o 1T glrIA F trr2glr I A {3
B AR BE, rr2A WA AR BE, KL Girlp
H1 Tre2p XHFBR-O, A BB A 1EH .

SD SD
(+ 0.6 mmol/L VK;)(+ 1 mmol/L VK3)

BY4742 &)

J 2N O O
pos5A/POS5-YEp LU
sod2A )

giriA . (% ]

trr2A . .
sod2glrlA ‘ Q
trr2glriA ] Q

1 posSA 5& 5 i & E FE R K (R X B 2R BR RO SRk 1%
A2

Fig. 1 The sensitivity of pos5A and some anti-oxidative
gene mutants to menadione (VK3)

Note: BY4742, pos5A and other mutant cells that were cultivated in
YPD medium to saturation were washed three times in sterilized
water and diluted to ODggo of 2.0, 0.2 and 0.02, then 5 pL of each
cell suspension was spotted on SD, SD + 0.6 mmol/L VK; and SD +
1 mmol/L VKj solid media and were grown at 30°C for 3—5 days.

2.1.2 SFEAE(H,0,)3 posSA BIFE: 7EAHM
1 mmol/L B{ 2 mmol/L H,0, Iff BY4742 RE#% IF % 1
K, RUIPUA A B BB Ak B A A 3R BE A8 A7 2000 %
H,0, Wil ; posSA 2 B ™ & 09 A K B Ba
posSA/POS5-YEp HARTE 2 mmol/L H,0, {7 (et 3
P AR 7 EE A AR KRG, BX) 1 mmol/L H,0, 1Y
i 2% g 1 W w345 (& 2), KW PosSp XHEFR H,0,
(8 R AT — 5 AR FH o TP Ak i PR B AR glrl A
HA R A KB, W RIE sod2giriA F
trr2glrIA A FMH 5 posSA A K BE, FH

AN A TR AR R B 2 RS AL ] B S A0 i
AL A W ARG, T POSS BN IR A B2k 5
G 5K 240 i ™ ) SR A B A7

2.1.3 LREEZZES(DEM)XT pos5A HIffiB: DEM
s=—Fh GSH IEFEXF], 7T 5 GSH %54 -l Hik
FERRAR, WIS GSH AL AL Th fE i 51 2 1k
305710 ZE VI 3 mmol/L DEM B, AHXTT BY4742,
posSA FIH —EREEE R EBA, 11 posSA/POSS-
YEp B A= K e B A s (] 3), KB POS5 AR
Y I ACHT DEM s firds, (BRI BTk 5 POSS %
PRI oA ke 281 BH S8 %) [RDRMVE FH o e 4804 356 DR e 2 %
sod2A } sod2glrI A FKIH ™ A K GG, 2T

SD SD
(+ 1 mmol/LH,0,) (+2 mmol/LH,0,)

SD

posSA/POS5-YEp (8]

sod2glrI AL
trr2glrI A

000 060 e¢ 0

2 posSA S5E S IE N E R GRE AN I ELSRIBR
14 b5

Fig. 2 the sensitivity of pos5A and some anti-oxidative gene
mutants to hydrogen peroxide (H,0>)

Note: BY4742, pos5A and other mutants were treated as described
in Fig.1 and spotted on SD, SD + 1 mmol/L H,0, and SD + 2 mmol/L
H,0, solid media.

SD SD
(+2 mmol/L DEM)(+ 3 mmol/L DEM)

SD

BY4742

posSA ]
pos5A/POS5-YEp 0
sod2A .

giria L
trr2a [
sod2girlA °
trr2glrl A .

00 900000

3 posSA 5ES AN E R RKKN DR — CEEHY
BRI LR

Fig. 3 the sensitivity of pos5A and some anti-oxidative gene
mutants to diethyl maleate (DEM)

Note: BY4742, pos5A and other mutants were treated as
described in Fig. 1 and spotted on SD, SD + 2 mmol/L DEM and
SD + 3 mmol/L DEM solid media.
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A0 2 mmol/L DEM It i B & 1Y A K Bl
glrIA . trr2glrlA R A 1E 3 mmol/L DEM FEAERT A 3
5 posSA MU A K BREG, trr2A B A KB,
KT SOD2, HRJE GLRI Mk Ht
DEM Jipi8 T

Mz, S5E4 R BY4742 MHEL, HA posSATE 3
AN [ 2 280 ) S0k ik R - (VKs . H,O, AT DEM) A7
FERT Y R A K GG, HBIRME posSA/POSS-
YEp 7{ VK; %ﬂ H,0, ﬁﬁﬁﬁiﬁ@w’éﬁ—%ﬁfiﬂ@
WES, 1A DEM fAAE B A 855, 2B ORI Y 1Y
POS5 FERXT posSA [T EALER A — & 1Y B4R )
o SR, LT A Ak 3 PR i A 7 JHOAH I 1%
HHETFAER T AR — AR K EE, B Gk
JM B A B B AR BT Ry 8, X R I PosSp HAR
AN B B AR R AR AR IR RO, B
WEMBE AL RGP RINFEZEEM. BT T
PosSp M) iz Bt S Ak W 30 1 2 5 5 & % 4 il
NAD(H)F1 NADP(H) %4 &« NADPH (4t h A ¢,
BATIXF BY4742 ., posSA J pos5SA/POSS-YEp AN
RS AT T E
2.2 SUEHET NADMH)HEEERKIK posSA BIAE
NiEE S 2T

AR A HPLC W TEFAER BY4742. 7478
Bk posSA F [BIAMA pos5A/POS5-YEp 7t SD K il A 4%
FEALIIA (1 mmol/L VK5 5 2 mmol/L H,0, B5{ 2
mmol/L DEM)I#) SD 3% 5% H& i A= < i 240 A o3 Sl il 7
i, DT POSS L KOAN[RI A S Ak ipae PR 7t
TG TP I 4 PR 5 1 S )
2.2.1 posSA SMENERAWNRKAEEETERKE
HTRRABESSE: EIEEAKANT, BY4742,
posSA . posSA/POS5-YEp VIS 2 Pt S Ak 3 PR ALk
AR sod2glrIA . trr2glrl A B P9 G 5 1 L 2.

R2 HEASAEAREEHHEANEESE

Table 2 Coenzyme content of wild-type and mutant cells

Btk NADP' + NADPH

. NAD® NADH NADP" NADPH——————————

Strains NAD' +NADH
BY4742 2216 0.035 0937 0.007 0.42
POosSA 2.057 0.038 1.125 - 0.54
pos5A/POS5-YEp 2.223 0.020 1.023  0.075 0.49
sod2glrlA 1.911 0.015 0931 0.015 0.49
trr2glrl A 1.591 0.177 0961 0.018 0.55

5 BY4742 #It, posSA ) NADPH 7 & &K%
KA, posSA/POSS-YEp WA B4R T, Bl
TEEH AR EIET, PosSp HIAETERENS 45 w40 i Y
NADPH )i 7K ¥, Pos5p 7EMI N K L i NADH il
T, M BY4742, posSA ) NADP' & 0 i T+
&, S I/I[(NADPT + NADPH)/(NAD™ +
NADH)] It # i Z F+ &, 1 pos5A/POS5-YEp Iy
NADP FI NADPH % &8 W] b 55, i 1U/1 L3R4
e ULBHTEIE R B KM, POSS FEH ik If:
VA AR AN M N Y NAD S % P, 00 40 M N 5
Wi NAD(H)# i Utrlp F1 Yeflp7E PosSp k= i}
I TR NAD PGS, DIAN R hiEg 11 4t
JiZ; 1fii POSS &P )l it 323K 42 55 1 41l 9 NAD(H)
PR

YA LR R RAK sod2glrIA 5 trr2glrIA 1)

NADP'Hl NADPH % i S k¥ 5 BY4742 1Y, H
NAD"F1 NADH 5 it FEAIC, S BURBE V1 R W42
=, DTN NAD(H)S% 48 25 NADP(H)RAE N
S, BT AT U TR A i 2 S 3 Y 4Rk R T RT g
1755 Pos5p ) NAD(H) BB G PR 98, AN 20
Tl 1 70 U 1L, AR ARMILIAR BT S AL R 4 L)
RERE RS X NADPH 4 8 i 7oK .
222 BEB(VK)EET possA RIBENHEES 2:
2 1 mmol/L VK; Wil J5, BY4742 Fl pos5SA )
NADPH & &m¥LERIMA 1, pos5A/POS5-YEp 1Y
NADPH &t B I = TR & (3% 3), RIULET POSS
HE PR ok 1 3R B T4 SN NADPH fE 5 7K -F,
X5 pos5SA/POSS-YEp Xt VK [T 3Z fiE J158 T pos5A
H—2 (& 1), 5 BY4742 K, pos5A W% 11/1 H
R B REAK, M posSA/POSS5-YEp WA B & T} = (F
3), PEIALE VK; FEAERT PosSp H IR REA SO KR 4l ity
NAD(H)##: it NADP(H).

R3 HEBBIET possSA IR HEEE S

Table 3 Coenzyme content of pos5A under exposure to

menadione
itk NADP’ +NADPH
. NAD" NADH NADP" NADPH———
Strains NAD' + NADH
BY4742 1982 0.019 0.775 = 0.39
POSSA 1.801 0.715 0.834 - 0.33
posSA/POS5-YEp 1928 0.034  0.777 0.061 0.43

T SR 3 YOI A8 — AR .
Note: Averages of three independent experiments are provided; —:
Can not determined.

http://journals.im.ac.cn/wswxtbcn

T SR 3 YOI AP 2 1 — A .
Note: Averages of three independent experiments are provided; —:
Can not determined.
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HEWRARKALEMILER 2), £ VK AT,
BY4742. posSA K pos5SA/POS5-YEp i NADP',
NADPH FUfifi /1 Y6 NRFEEE R TR, Hp L
posSA [HETE /1 LR T RN 3 (3R 3), X541
JLAEHRHT VK W6 Xl 11 A T RE 3 A ) 45
223 TEUSEMH,0)ET posSA WA HEES
2: £ 2 mmol/L H,O, A J5, BY4742 Hl pos5A 1Y
NADPH & BRERMAH, pos5A/POS5-YEp N
W T RTPE (R 4), R H,0, fAAERT T i Y
Pos5p A BY T 4450 NADPH HEN /K F, 22 i
H,O, a4 (Kl 2). 5 BY4742 HHLL, pos5A Ky
fifi 11/1 RIS, posSA/POSS5-YEp WA — & iR Tt
VEIALE H,0, Bl R PosSp T3 BEA #3bA7{f NAD(H)
DA 12

x4 TEUSBIET posSA HIFENHEES &

Table4 Coenzyme content of pos5A under exposure to
hydrogen peroxide

Hikk NADP’ +NADPH

. NAD" NADH NADP* NADPH—————

Strains NAD' +NADH
BY4742 2529 0.009 0.525 - 0.21
PosSA 3.024 0.073 0587 - 0.19
posSA/POSS-YEp 1.558 0.411 0.469  0.013 0.25

TE: SRR 3 Wik I i -F- 2 (8 — AT .
Note: Averages of three independent experiments are provided; —:
Can not determined.

HIEFHARKABEMLILGEE 2), £ HO0, i,
BY4742. posSA K pos5SA/POS5-YEp i) NADP',
NADPH FUifG /1 ¥4 TR, B FRERERK, H
L L) posSA FSHER I/ LR T Bedc W 2, Ui 4a
i 2 HE BT Ho O, ol Bl 10 A0 7 AR IR o ™ E, B
TS A NADH)E T BY4742 F1 pos5SA/POSS-YEp
R 2, MiBk= NADH)BEER posSA Tt Ky
JR iy
224 LOREZZE(DMEM)MET posSA BB A
EE&E: 4 2 mmol/L DEM [l )5, BY4742, posSA
K pos5A/POS5-YEp ) NADPH & & B 2 46 A
H(F 5), X5 pos5A/POS5-YEp {E DEM i T 3
A AR BB 22 ff A — (K 3). 5 BY4742 AH
I, posSA Fl pos5A/POSS-YEp (R HE 1/1 %4 |
T+, ULHITE DEM Bl N POSS J& K i 2k -1 AT [
IRAN A P 5 NAD S EG G, 1 L i 2 A 4 e
TP B NAD I I

Fx5 DRERZZEHHIBT posSA HIBENHEES =

Table 5 Coenzyme content of pos5A under exposure to
diethyl maleate

Bikk NADP' +NADPH
. NAD' NADH NADP* NADPH———
Strains NAD" +NADH
BY4742 2053 - 0778 = 0.38
posSA 1852 - 0.766 = 0.41
posSAMPOSS-YEp 1.763  —  0.864 = 0.49

TE: SR 3 s i P — AR
Note: Averages of three independent experiments are provided; —:
Can not determined.

HIEFAERKREM(E 2), #£ DEM b T,
BY4742 . pos5SA & pos5A/POS5-YEp ) NADP' &
YA TR, NADPH & s 2/ (R 5), X5
DEM 8 N H GSH B K& IHAEN T2 NADPH
P AEA—E ., BY4742 Fl posSA HYHEEE 11 &
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