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Localization and Function of Cyc2 in Schizosaccharomyces pombe

Yang Guihong,Huang Ying
(School of Life Sciences, Nanjing Normal University , Nanjing 210023, China)

Abstract : The CYC2 protein in budding yeast is related to the assembly of Cyt ¢, which is of great significance to the func-
tion of mitochondria. But in Schizosaccharomyces pombe ,the function of the protein Cyc2 which is the homologous protein of
CYC2 has not been known. In this paper,the location and function of Cyc2 were studied. The homologous recombination
method was used to construct Acyc2 mutants, it was observed the phenotype of Acyc2 strain on non-fermentation medium
(glycerol plate) ,and construct a complementing strain to verify the phenotype. As a result,Acyc2 showed growth defects on
the glycerol plate. By detecting the expression of respiratory streptavidin encoded by the mitochondrial genome, it was found
that the deletion of cyc2 does not affect the expression of respiratory streptavidin. The sequence of Cyc2 was analyzed by
bioinformatics and the result showed that the N-terminus of Cyc2 contained a mitochondrial localization sequence ( MTS)
and the protein has no transmembrane region. In order to determine the specific localization of the protein in the cell,it was
constructed Cyc-GFP and Tom20-Flag/Cyc2-Myc strains, respectively, and identified the protein as a mitochondrial inner
membrane peripheral protein by fluorescence observation and biochemical methods. To sum up, Cyc2 is a mitochondrial
inner membrane peripheral protein,which does not affect the expression of mitochondrial respiratory chain protein,and may
affect the function of mitochondria through other channels.

Key words : Saccharomyces pombe , mitochondrial , Cyc2 ,location
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M SHeL, 5 S BRI B Cye2 58 L LI RERIBE ST

PRI AN R ¢ 3% H2 Y AR TR R AR A BRI AR U B o) A 2R AR B R R, CY C2 #A A
YRR o PBRBCE -, 7E ¢ BUZRAR (R A A b B SR R D RE  FEAR (VR o Al de i b R
BVEF, SRR D) BE Y & A E o T

ZEREIERERY CYC2 S —~ FAD S5 Hg3a, 2 7 LRt Py ) | Rz I S (A A S 4 (. 3% ¢
LR AR A B2 TR A 65 2R ¢ AP FREAR ) 20% , TSR R T RE Bl ). i ok [+
TE LT e RSB Cye2 5 ZFFEREREY) CYC2 AL IR B 26.78% , H AT A 1k, i iR A & T Cye2 HYBF
7%, A SC B AE i 7R SEI 4G L P Cye2 e AL S AH ST BE , W ORI 8 F Dy B8 BT 52 $2 4k — 2 1) B
WAKYE.

1 MRSk

1.1 ##y
L1l EAr L ik

S0 IT FH PR R . SR 245 B AR TR yHL6381 KT 1 DHS o5 it FH KL : pFA6a-hphMX | pJK148-
myc-hphMX FI pYJ19.
1.1.2 54

YES Hi37 25 (100 mL) : BEEERY 0.5 o, #I%0E 3 o, BRIENS (A1 ZR | JRMENE S 2 IR N 22.5 mg; YES+
6% 3% Hilh : W5 FR LRI BRI A TR o 2 A9 H- 3.

1.2 FHi&
1.2.1 AW E&EF5H

EEFH) X 43 B4 - AlignX 5 F1) FHAE Z6 000 % 335 ( http ://ihg. gsf. de/ihg/mitoprot. html ) 437 25 1 /&
A LR E L5 5 A FH AR T30 I 34 (hitp : //www. cbs. dtu. dk/services/ TMHMM/ ) 4341 2 F & 5 15
IS ey k.

122 @AM

PR eye2 W LT RN E S B A i 3] pFaba-hphMX L - SR 548 cye2 (up) -hph-cyc2
(dw) Fr Befefb 3 yHL6381 BIMRNATFE Acyc2 BIMR; 974G cye2 B B, A EE 3 pYJ19 BokL b Nrw 1
RISl it 17 ) o 2 Joobr 75 2 260 e BEIF G A TRIRE Acye2 W, 13581 Cyc2-GFP K. K eye2 JEPR R Boby g 31
$i pJK148-myc-hphMX 755 & 20 fFiki pJK148-cyc2-myc-hphMX , f# Ff Nru 1 BRI 53 5] E) pJK148-myc-
hphMX Fl pJK148-cyc2-myc-hphMX 15 24 14 7 Bt It 4% A Acye2 159 3178 2R A R pIK148 A4 4K [ #b
[ELS cyc2 ’)Ié} cyc2-myc-hph F B R Tom20-Flag FERE AR E Rk Tom20-Flag/Cyc2-Myc.

123 XA %R

SCYHT 3 d 75 YES [EIACH 3R R A2 AL, KRR RN 2 YES JiFREEN, W18 OD600 142 0.2
e ,32 CHiFR 12 h K ER OD600 96 2 3 74y 4% 10 A6 BEMKUCHEAT AV RE. IR 3 L TR VR TE A 7
Ik b5 P 32 C R B RS
1.2.4 Western blot ¥ & /K& G R ik &

SRR Acye2 Fl yHLO6381 (2 bL A | BUA  f) SR A 47 Ab R4S 21 i 5 19 28 1 FE ot ) 3R 47
Western blot #;3ll.

1.2.5 RIEZHBIE Cyc2 A%

14 Cyc2-GFP BIRTE B AR: TR AL AT RIZIG 0I5 . B AR TR TR AL Hi 9% 12 h JR e &
B FRILIFIAE 0D600=0.2 JR kLG TR, KLYHETR 4 b J7 , TR 0D600 2974 0.6, i , H PBS 22 rhili it
—IWJa , BRI Mitotracker YRt EAT Y0 BRI A 2.5 min, 2R 5 SO BB E1 T 08K,

1.2.6 SAaikEls ik

PEANAEAZ 85 Slal FNZRLARE T2 H Hsp60 A% IR il i Western blot Kl B8 #% Tom20-Flag/ Cyc2-
Myec BYLERIARER AL M AR E Cyc2 275 & AL TEobiiA ; AR IR /MNIEEE FH Tom20 F1 Hsp60 R X HR | 435
H TritonX—=100 F1 Proteinase K ZbFREE £ Tom20-Flag/ Cyc2-Myc BYLERIAA  LIKEI Cye2 75 AL T bk
AN A B R B AL B Tom20-Flag/ Cyc2-Mye FIZRRIAA , AL A N BB 19 Cox1 1 Hsp60 A X HE ik
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PR B R A S 308 o i S g 57 T i SRR R B A 2 P A1 T L v, TR AR B 1 0 2 B AT
VEN, LIRS Cye2 275 M E4s 5 .

2 g5

21 EBHHEBEE Cy2 £EMEEFNER

W ILFE GeneDB 1 NCBI #5038 R | 15 2 2B B cye2 R 51, R 545 0 SPACITHI. 12¢. %
FE A 266 N FERR TR LA B, T A 70 THE 290 29.37 kD. 53 4 H R AT 0 2R B RE Y CY C2 FIZLsHE
FERERY Cyc2 AHAPETS 26.78% , L XT45 SR An(A 1.

Sc-Cyc2 MIF s RLSIRSIHS KA BPl- AL GT Vv AABITAFN]- F ANIRNJIQHSFVF NE]SNKVFIKGDDKW I D L PI
Sc-Cyc2 M- - - - 8SSTYRKLPKIEILAAGL GCAGGYYAY KN SN KPPGLNPE!I YAPE|IT- - - - - - - - -
* * * * % * * % * * * * * *
Sc-Cyc2 s EEIESHDITRREITFKLPITED MGLVEIASAL FAKF VTPIKGSNVMVRPYTPlVSDLS QK GHF
Sc-Cyc2 N TELTSDIASL ElsL- VPlasP HLTTRLEEPI AKV T1 RD SMQVMQRPYTPL - - YL DANEL
* * * * * * * % * * * * k k k %
Sc-Cyc2 QLV VKHYEIGEBKMTSIHLFGLKIPNDTIVSFKEGP/II MKWKWQPNQF KSITLLGAGT N LY QL A
Sc-Cyc2 KFF | RK EGPV SS)YI| HSKKIEGDT ||l ELREGPFKTT KL DCTKYPRIEVAI VAGTGI AP | ¥ QL A
* * * * * * * * % * * * %k %k k % * * % % %
Sc-Cyc2 HHI VENPNDKITKVINLLFNMIGNK TP@ID | R K DAL KE KYPD FNTYFVDDKQ DQF GE
Sc-Cyc2 QSV - - - - - - SPMDI VXCSRPGQP P K E EKE CP NVRV SMIQNRLVNI HDI L w Dl- -
* * * * * % * % * * * * *
| SF I SKDFI QEHMP GPIKE SITIHL F PPPFIMNAY SBGUEKIKS- PKD@ LI @) BINNL cY sKID
NMTVPLKDTLCI SQKFEVSTI AGPKADY GARQ VKGLLSNN PF GKI-
* * * * * * * * * * k % * * * *

Sc-Cyc2 a MiF KIF
Sc-Cyc2 - @w L
*

TE : I BARE K = BB 7R 58 2AH TR 7 41
BE1 AU ER
Fig.1 Similarity comparison results

2.2 Acyc2 EHRRIREHAR
2.2.1 WAPa A

(1) Acyc2 BYFYEE R IE

cye2 bR RIEE 5B SR AN 2A Fis s He A 7 AUV SRS SR AN IR 2B, C s, 45 A7 RV Mt
TR R AL B A BE A yHL6381 N, EIULAN AL 7 JEAT 300 76 B9 [R5 19 B st [ 9idh P1 7R
WRE R AL BB X5 id S P2 R P3 TR T U R IR B R st — 1 ie o P4 EH] P1+P2 HEAT
PCR, 45 R 4018 2D Frs (/] P3+P4 BE4T PCR, ZR AN 2K Pz, ff ] P1+P4 #E47 PCR, 45 R 401K 2F Jir
7, G5 R ARG ).

(2) RN cye2 MRG EE I IE

PCR 133 cye2 2 A BE(E 2G) 5 E TR B 0 (& 2H) ; /53 A BE cye2-myc-hph-LEU (& 21) A

Acyc2 W, Pk IERR AL P T e 2250 5.
M 1 1 2 M M 1 2
G H 1

M1234 M123 M123 MI123 MI123MI1 23
A B C D E F
M %R Marker; A—F 1 Acye2 AUFIEEFNIRAE : A 4 H B BE PCR 4558, 1-2  BiF A BE,3-4 IRUFR BB, C ONBEVIRAESE SR, 1 0
B B, 2,3 NEEISE R, D-F MBS IL T 1 3L 4L PCR BRI, 1 28 WT JEK4L PCR 4528 ,2,3 AL T PCR 455, G-1 A4 K A
HNERE cye2 BIMIEEFISGAE . G o F A9 5 BE PCR 4558 H W BT S6IE S5 5 5 1 4 520 ok B 1) i O 2R vk A Bt
B2 EMHHWESRIE

Fig. 2 Construction and verification of strains

222 EBLZXR
BT IRIY Cyc2 WIINEE, 7 BRI EE T Acye2 . pJK148 K cyc2 W RRIFTE YES FUH yh b5 77 36 [ b 47 A5 18,
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W SLL, 45  SE RBHBERE Cye2 & A B DN RERY RIS

LKL 3 R, 16 HE TR 1, Acye2 1 pIK148 TIHRA: KIRZE T 42 3L 00 [ RN B bR cye2 S5 B/ E AL K
TBUARIRD. U cye2 5 DR A BRI 2 (5 TR A 0 (R PRI T B 3240, 45 2 A B P CYC2 1 26
R, 7% 1 DR TR B o 9 T R T B A — R

YES 3% 6%

3 Acyc2 BHRMIREILER
Figure 3 Phenotypic results of Acyc2 strain

2.3 Cyc2 JT&hi R rF R 5% E BRI R0

LA Y T AE T S AR T PR A W I e S AR Ak yHL6381 Acyc?
BEERE > RS B A UE W Cye2 SR 5 SR Lk anti-Hsp0 | GG SR—

KPRV, RIS Cye2 TEGREHR R 74030

AERY, 73 BIASI T Acye2 IR T HT mtDNA 2 f A4 01 % 4 anti-Cobl _ q

1 Cob1,Cox1.Cox2.Cox3 Fll Atp6 fFeikHE, L Hsp60 1E N

WS, GERANE 4 FF5 50 A B B R G Acye2 TEAE N Cox1 anti-Cobl Q_-J

L RRTE F Cobl  Coxl . Cox2 Cox3 Hil Atp6 T BEEAEMW

AN UL Cye2 HOBRE R S PR 119 %35, Coxanti-Cob2 _

M Cyc2 FTREE o HA R AR M0 T kiR T 58,

2.4 Cyc2 HEMHR Cox3 anti-Cob3 “
2.4.1 EMIEEFHH
(1) Cye2 LALfAsE R H (MTS) B 73T ani-AtpS | e— —

B BIELE T MitoProt I1 X Cyc2 FFSI3E4 743 #T, Cye2 4 Acye EHRAEAEFE ISR A RAR R
FENLTLRRAR LR 70.68%. ARIE M5 R (F 1) 0] Fig.4 Detection of mitochondrial respiratory
5, Cyc2 FEH N Uil 16aa 5234 bR 1Z 5 ik , Hrheh chain protein expression in Acyc2 strain
5 AR I

(2) Cyc2 ¥ REEEF IR 734

B AE LTI X5 % Cye2 185 B 45 KA SR A 720 AT , ARHIE 00 25 51 ( 3¢ 2 SRl 5) W], Cye2 5 JS 25 4
WANECN 0, N i A B5 B 51 A AT REVE A 47.911% , B5 IR FERR AN BTN~ 9.242 8 L5 A 45 v T, Cyc2 ¥
B LS B

R1 Cyc2 ZHMKEMFI(MTS) SHHER R2 Cye2 BIREGHMESTER
Table 1 Analysis results of mitochondrial localization Table 2 Analysis results of transmembrane
sequence( MTS ) of Cyc2 domain of Cyc2
Analysis Of parameters Values of computed parameters Results
Net charge of query sequence +8 Length 266
Analysed region 39 Number of predicted TMHs 0
Number of basic residues In targeting sequence 5 Exp number of AAs in TMHs 9.2428
Number of acidic residues in targeting sequence 0 Exp number, first 60 AAs 8.210 120 000 000 000 01
Cleavage site 17 Total prob of N-in 0.479 11
Cleaved sequence MSSSTYRKLPKILAAG
Probability of export to mitochondria 0.706 8

242 HRIMEIK
WL 4 Cyc2 FE N GFP BRI Af & 2 I AEAN I 1) %€ L, Mitotracker YL AT DL 2 k7 A YL il 21 (4,
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M GFP Jygk (5 8 FEA; TERAR, IR (2 & s e (. 45— U1K 6 7R, Cye2 TENL TERIA.

12 TMHMM posterior probabilities for WEBSEQUENC E

1.0

probability
(=) (=)
= o0

<
IS

0.2
0 B
0 50 100 150 200 250
transmembrane inside outside

BEl5 Cyc2 BIRZMEHNER

Fig.5 Results of Cyc2 transmembrane domain prediction

GFP Mito tracker

B 6 Cyc2-GFP W3 BRIENE
Fig. 6 Fluorescence microscope observation of Cyc2-GFP

2.43 RIEEAMAEE G 000 0 Az

FOCTI T ZUEY] Cye2 AL TERAR, By 1k — LB IEX — 253 SCR R I T Bk Tom20-Flag/
Cyc2-Mye RYZRRLIR  JF R B A B FURE i TV ARORLIR SR AR M DL BRERL AR SN Al 41 73 26 11 PMS, BB 4%
Slal 1l Hsp60 1At B, 45 5 ANl 7 Js , Cye2 3 S5 i T 4obifA.
2.4.4 TritonX~100 F=%& & 8 K 4 22

EH Cye2 SENTELRAA B4 B B E AL TLORAAR IR — 8 53We? S 1 i —2LH05E Cye2 BYsENL, LA
Tom?20 £ Hsp60 k%t &, {8 TritonX—100 I Proteinase K ZbFREE Kk Tom20-Flag/ Cyc2-Mye FILRIIA | 45
WNIE 8 Fi7 , Cye2 AL SMEAR 1, T RE A 2o 1A 5k 57 2 1 B ZoRn A N IR 1.

T PMS Mt Triton X-100 (20%) - - +

Proteinase K (2 mg/mL) —
anti-Slal
anti-Flag

——
anti-Myc “ - anti-Myc

+
|

E7 Cyc2 EHMAPEMER 8 TritonX-100 F1E A K S BL&MEKE
Fig. 7 Results of Cyc2 localization in cells EABRERTER

Fig. 8 Results of protein treatment of mitochondria

by TritonX-100 and proteinase K
2.4.5 AR BR AN AL FE 2% R AR
FIARSEEGUER] Cye2 € L T AL BT RN IR, Sy it — 2D 0 i HE A, ] NaCO, Ak B TE % Tom20-
Flag/Cyc2-Myc BYZRIAR G 8 250, LA Cox2 Fl1 Hsp60 1E X HE. 25 R IR (K 9) |, Cye2 FE AT
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P AL4bHT, L3 S AR AT A, 5 BB T Cox2 L. . )
PRI Cyc2 S5LRRLIR PSS A | 45 6 15 T4 1 U000 4% 51 T
DI RE Cyc2 SRR pI s i S 7E B2 1 anti-Hsp60 | m——

3 i

BERMEN RS IR T A anen
WA E AR D7 s e e LR e o A ST TG S 0 e B A 5 e
%, EIEBHRE I R IE AT TAEC SR, EE  aivye| e .,
4 284 ANAT L g 5 Y BE IR B 5% ] Bt | e I g Sk
N Dfie 7 i BAA IR KB PL . RIEE 1k /1 B2 E  SETN B9 FERERNA IR R R B R IAER
UG IEEE 5 NI SES 5 2R B3R T , T DATIE 5% SR 30 24 7 1 1 Fig.9 Mitochondrial protein expression after alkaline
B R D REXT T AR & R A R . sodium carbonate treatment

TR CYC2 AN AR ¢ MARS P EEEZEMN, UG S MR AR o K
SO M T S W P A Pl G A s, ol A TGS TR R A I RE. 8 81 b X e B S S A R A
Cyc2 %5 M 5 2FFBE AL CYC2 35 FAMILIE S 26.78% , HAEREA FAD 2558, S0 450 e B 1) W02 4 AR
T LR PN IS ) P RN AR AR B R AL, F A PR IR B T ) B A AR AT AL i O e A AR i R AL
FEAE ATP PR (1) B8 1 2 A R R AR A 1, An SR — AN s LA SETE ik 1R 3 638 W &5 R 4RIk
I DI REZE L.

AR SCRIH AR S 21 ) I IR Acye2 TRRE , FeTUBIEIE K IR Acye2 BERETE LA H i Sk e — i 5 1) 355 77 3
RS AR K 2B X S ERE R CYC2 M RRURTE, B 7s Cyc2 8 F B2 J5 23 52 i LR AR Y I 18 T
BE. WFITES SR R B Cyc2 B BB AN 25 M 2 AR PP W 5% B 11 IF 5 Cox 1, Cox2 ., Cox3, Cobl Fll Atp6 1Y
FEIR UL Acye2 TRIARIFFAS S8 1 53 i P W i 2 53 R s i R AR E L D RE ). A T AT Cye2 TIRE, AL
WAIEE AT L IS5 G R W5 B2 o R i 1% B e A b B PR 7. 2O SR Z5 3R B Cye2
FENE TERLAA B 0 AR A SE g0 45 R e I 6 TERLR I N IR, B J AR 015 B o I 8 SR 3R W B I 5
R DX 358, 5 50 5 R 1 A TR AR B, LA AN FE R ER 1. WSS A S R R I B AM R 3R 1 Cye2 X F
SRV B P R SR AAR (A W I AN ] 2D 2 ELAR () e e s AR T 2 J B S it — 2 AR
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