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A, W YRR B AR A
PGP P2 5 200 23 SR AL ) %) B 5 ) 48 78 200 i A ) o
N2 i B v 17 2 2 ) LA o ST A
ARG RAZ B B 4K SRS b7
BRI FB TS . A 2L AR, T HLE 52
PR AR . W pH [ESFEm, Hrp
Rk J3E 2 52 i) 240 i v 2 1 SRR A R AR B A A
By %2 B Bembenek 25 LAFRITG % EE R X4
XA 2247 2438 H 4% (mitotic exit network, MEN)
HRR O LT TS, BFSE A SRR, 1 37 °C
M T BRI LS BY 4743 DAk A 4 i 4324 JE W 2 1
14 (cell division cycle protein 14, Cdcl4)ES 52
U LAY b 2 1 (septin) 2k B € 7w THRL, HH B
2R R AR BRI, Zhang 45
REIM, S HMMMARN 6 FhH R 58 1 (heat
shock protein), fuff Hsp9. Hspl6. Hsp20, Hsp104
&, HA Hsp9 25 IERIREE T E SRS, Mo
41 5 Bk (A R e R AR T B AR
A AENERY], BRIEEERE bk FFC2146 1 37 °C
JBiRIE T A4 R B 1 BT R VAR B T Hsp70 K
JRAEAREE 11 Ssa2 45 24H it BE AE = Tt T AR SR PR EF
SERE, DAZERRANMAE A K 0. DL ERF SR
B, A [RJlBET Aif h 2 E  RR A REAFAE— €
ZE 5o

PREE I Septin &SR IR I S H =R
(GTP)&5 & 25 11, 75 BRI o BF 43 2460 00F B HR
Cdc3. Cdcl0, Cdcll. Cdcl2 %52 144 s AYATIR
IRSER AL G A, 3K 0I5 VAR 24 1 22 P At e 25
ity (Ian e ARG ), LIS T2 L 4k
Framie 54— R E B g AR B RED®). Fedn it
JRITT IR (G ), FREE I Septin i@ id i nt: £ 155
RN ZEA SR R AR 1 Septin ¥R, ZEFAHAEAE K
AR H(SIG, ), BRI Septin 23T —1~ Hi AU
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22 VIR ES T o A M 53 24 A S AR, B
F Septin 2B H XA 22 R A0 22 A0 522 200 AL
LA IR R 32 W 254 o FE DT 53 24 B5) , B A 11 Septin
FE ZE SRR T 18 LA 22 0 B A1 22 & ) HE 3 4R )
RUIRZE R

FERRT R cdeb Zmfs i S FLsh P i
Polo #£## 1 (Polo-like kinase 1, PIk1)HA4iE 1Y
[, HESHFIDIRE 5 S EAZEYIN PIKL &
JEGRAFI, Cdes BITE S WIRYE WIF IR A e,
HHRBACPTEAR 2253 345 WA Tog , B 3 41 i
oy FALE TR AR . Cdeb B 17E G2 A KA 245y 35
HERE T 2ERA ) o B R o SRR A R &
SFm B PR LI, Cdes EATEA 225 2L
BB T, X TZIES SR KA &
SUER, A 22035 A BHIE Cdes 25 A%
HoRR T 2 S B AN AT 2443 4 BB 040,

HARA LT Cdeb 8 7R 2 Sk & v B AH G
i, (HAIAR IR AN o0 3-8 )24l PRIAS B
5 DA I BR A S A B SREAAS ] Ui B2 T TR
B 2253 34rh Cdeb ST 3 157284k Rt
RSO Fye— A WF5E Cde5 3 FITEAMIA 220y 24k
DN RESR AL T AT HARIE ST HEAit

1 AR i
11 stxpret

A S 55 v e {5 ) TR T 7% £ (Saccharomyces
cerevisiae) % & 7l (genotype) Ul ' .  YEF2231 (WT:
W303-1A: MATa ade2-1 his3-11, 15 leu2-3, 112
trpl-1 ura3-1 canl-100) ., YEF9105 (WT: Cdc3-
mCherry: Leu2). YEF7869 (WT: Cdc5-GFP: His3).
YEF9087 (WT: Cdc5-GFP: His3; Cdc3-mCherry:
Leu2), DL ETEPRORAET VU4 PUARITTE R A R
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P VU e AR S O IR R R R R SR
12 FEAM R

1.2.1  SEERR] . Rk JC S L FR S Ak KU U (Yeast
Nittogen Base w/o Amino Acids) J + Becton
Dickinson 2\ ], % % M (Dextrose) I F Thermo
Fisher Scientific /A r], %M (Alanine) . #5%R
(Arginine) ¢ 19 1 & JL R I T Thermo Fisher
Scientific /A r], KAWL (Asparagine)llF Acros
23], LEE(Myo-Inositol) . ARIZERA (Adenine) . 243
% F 2 (Amiobenzoic Acid) . J& M5 B (Uracil) i T
Sigma-Aldrich 22 7], 5§ (Agar)J-F Thermo Fisher
Scientific 23w, 20 55 0 TR & EifEEE
ZREYEARGRAF, mRIL DNA RS0
(Phanta Max Super-Fidelity DNA Polymerase)i4)
A AUAMER AR IR R AT BR S /], 5Ok DNA 4
B3 £5(ZR Plasmid Miniprep-Classic Kit)itg -t
SRR T A BRAH]

122 UE/EHE . BO6IL R B U5 (Leica
TCS-SP8); #¢Jt1E F ik fi %5 (Leica DMI3000B);

Epoch FEFR{% (35 3L F A B /A H]); T630SC izt
4H i1 (Bio-Rad); T100 PCR {¥(Bio-Rad).

1.2.3 3EFEHE. W SC MK R 5% 3 (synthetic
complete medium, SC Medium, g/L): N2 /% 0.0835,
K%k 0.0835, KAk 0.0835, KA%#2 0.0835,
R 0.0835, 47241 0.0835, 4+ 2 ik 0.0835,
2R 0.0835, 5522 #2 0.0835, HI iz (% 0.0835,
RN R 0.0835, fifiz ik 0.0835, 2%k 0.0835,
J 2R 0.0835, ik 0.0835, 4% 0.0835, il
W 0.0835, 2L HI 0.0083, ARIFEHS 0.0209, 41
R 0.0835, FLZ R 0.1671, Hi%fR 0.083,
fi 0.0835, PRMZNE 0.0418, PR TG FERRILAN AR
6.7, SC powder 1.91, fifilh 900 mL &,

121 °C X4 50 min, #ij%g 4 20 g/L, AL~y 100 mL
VW, 121 °C KA 50 min KR RIR 5515,
4 °C {iffo TERERE SCRVRRE R BRI LA s
BiiR 20 g/L, BPNTEERE SC A IR0
1.3 WRIEEEE:E R

1E Cdcb JE R 2 L TR GFP BL[H . 5 Wik
T4 40 bp HARKED [R105 F B+20 bp Fok#E R B

(Cdc5-F5: GGAAGGTTTGAAGCAGAAGTCCACA

ATTGTTACCGTAGATGGTGACGGTGCTGGTTT
A, Cdc5-R3: GTAATTTCGTATTCGTATTTCTTTCT

ACTTTAATATTGGTTCGATGAATTCGAGCTCG),
PCR S LABORCA AR, 714 GFP JE[H, R H][FH]
VREZ M, KA H I SEE R R B IR ic 4%
AWERErh, FIH] His BIREFGTH LR TR AL, Pk 5
v, HAEDOL BB Rk, /A vOtEN
PRICHITERE, SR TSR R ORAE . 18 PR ok
Y1p128-Cdc3-mCherry (344 7%, LEU2) 7EHA S
Ja SR T 5 —A N 5 mCherry rid
(1) cdc3 (Cdc3 & [ A B Fe B 48 /R R ),
ot Bgl N AL, ARG D) 7 BeF A 7% 4k, 5 cde3
R PR ES , ¥ YEF7869 §41kfy YEF9187,
FIF Leu BFRERFATR LR FREL, Phib sripe, JffE
POLRBE R R, B A 2O E AR @
P, SEATi b AT R,
14 BHESER

£ 25 °C J 37 °C i Leica TCS-SP8 it
R DA IS AR R T RS B Y
B, TEHA G AAERURET, SRISECR : E800
YR 114>, WU 0.5 um, GFP/mCherry BT
[] >/ 300-500 ms, [alf 2 min, AAE] 90 minte,
15 AEKHMZHNE

¥ YEF9087 A SIIRATE] SC [hI AR AL
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b, T 25 °C fHESEFEAR 5SS 48 h, FIHL YEF9087
WA, 2R % 4 mL SC RS+, BT 25 °C,
120 r/min fEJRPEAIRG 555 24 hy TS ODsgs (i
Fr{¥) K 0.5-0.8, 1HEIFIFi. B 1 mL FhFidE
P 10 mL SC i iAKE 375 43518 25 °C 11 37 °C
fEMRFEIR 1 3E5E 12 h, 55 2 h B 200 pL GG AR
IR ODsgs, #FFPEESE 3 AN ; WAEEE, I
Ff GraphPad Prism 8 fE[], LAREFRET R f# AL FR,
ODses AN, Zeiil AR M4k
1.6 WA M SO0 s 4 R 3R

B mL AR TR AR B, 2000 r/min 25
O 5min, B, A 1 mL 4 °C Hid Y 70% 215
JAET-20 °C URfAdi. B HiRIE-GW 2000 r/min
B0 5min, £ BE, MUEHIIA 50 mmol/L #riE
PREREW 1 mL, L1 2000 r/min 5.0 5 min, % i,
TR VES LUK, MIA 500 pL Pl Yukiyets, 37 °C ki
Sk 30 min J&, SZEP EALINED,
17 BdRar

PG A BN A 6 Fiji RS AR ERARE. hy
TRERTOUREE, TE4L 1T 2RS4k Cde5 Fi Cde3 iy
DGR B (n=12) L KBRS ATF 4R L Cde5 1Y
PEOCHRIE (n=12)8, i FHAHRIA VANILE HG1H,
DA/ G B TR 22 . it X} Cdes H
AEE: 248 B 3 - 40 i 2 R R A B e, Cdeb
WO A R BCE M, 1538905
I

A B8l xes, FELH SPSS #f
BRI Ry 2243 M 6 S B0 40 5 0 HR 21 2 T ) I 2
ST . *P<0.05 FIREF T F,
** P<0.01 F/R 25 7R . i GraphPad Prism 8
VERE, FR A i SR B S5l B AEE T6E
(IR 2228 FR L B A b 22
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2 HRFAH

2.1 ARFEEET Cdcs Hzh S22k

T WEEAS R Ik BE R BRI R A 22 4 2
Cdce5 & [ 11953 F8 J1278 4k, LA Cde3-mCherry FiI
Cdc5-GFP fE ARG S, @Bt R e
M Cdes EFAMZ st fE . £5 8%, Cde5 FEML
S ZTFUG T i EEAN AR T AR ol IF HAEZEHILL
RHAREE, Cdeds HAENM TS, RELME
JeE R A 1-A)Fi kT8 Cdes & MR
#£). 37 °C %A Cdcb & FA7E 2 Ak BLR 4
(Bl 1-B). LA RZ5ASR, FEMT 2400, Cdes
FEEMNEEAE AT A0, FRTE2ERAb KA R A
%455 Botchkarev VV Jr Y45 S A —24,

MIRGE Cdeb E [17E 2R Sikk 1 431 3h 1 24 A%
b, BREE T septin XUATEML T4 2458 OB, BUAKE
SR\, R ARG 11 Septin SUFR K4
SISHIA] A (B 1T Septin AR LRI ] Ay,
B A 1 Septin WIRKTZLS B[R “+7), 5141t T
ZESikE Cdc5 & 111 Cde3 2 11 12 G (Cde3 &
IO BRI I B A 9575 82 1) (n=12) . 7E 25 °C %A
T, —42min i}, Cdcb & 7EZESAb R AR, H
PeEHRIE A 81 a.u., 1 37 °C 44T, Cdes &
7E-18 min B R AR, &R T 24 min, HIOER
JE A 53 a.u. (B 2-A, B). FilgiRE/R, 37°C 4%
fFF, Cdcs HFRZOLIREINSS, HY 25 °C
ZAF T Cdceb 8 W2 0 B b TG 22 5

T BN Cdeb & I7E SR ks 4N 8
=54k, LABR AR [ Septin AUER WL (98GR By
Feife, RS T it Cdes HE M Cde3 &
MR EE A AL, S5 IR, 7E 25 °C &4 F,
Cdcb 2 F7E 2F S i BE H BB (] 2-C),
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(A) DIC/Cde5-GFP/Cde3-mCherry
—58 to —40 (min)

—38 to —20 (min)

—18 to 0 (min)

(B) DIC/Cdc5-GFP/Cde3-mCherry
—38 to —20 (min)

—18 to 0 (min)

Bl 1. 25°C(A)537°C(B)FHTHRAEBRGMMAELSRIIZH Cdcd ERAMHMNFELET
Figure 1. The dynamic changes of Cdc5 protein and of budding yeast mother cells during mitosis at 25 °C (A) and
37 °C (B). Cdc3 acts as a clock protein.
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=
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B 2. 25°C(A.C)537°C (B. D)RMHTEMRERSALSHPATFHAL Cdes ERRIFNIRE SR ITEFIT N

SR 5 LRIt E(n=12)

Figure 2. Statistical chart of fluorescence intensity and percentage of fluorescence intensity of Cdc5 protein at the
bud neck of budding yeast during mitosis at 25 °C (A, C) and 37 °C (B, D). Cdc3 acts as a clock protein (n=12).

$E78 Cde5 F PB4t 3 ok 25 S04k 1A 41 i
J&, FRIRFEZFSUb R AR EE . THIAE 37 °C 4444 F,
Cdce5 i I 7E ZF AL 172 i B i B S0 K e 8 1Y)
-5 HA(8] 2-D), #2718 Cde5 5 11 M R4 i 18 1 25 5
Wb TF-ANMESG , IRFEZESAL & A SR AR L 45 R,
37 °C 5T, BRITERE A A 240t ] iR . 78 25 °C
ZMFF, Cdeb 25 1 M—42 min IHEZE AL T 4R SR 4k
HERAEME H(13.544.4) min, T7E 37 °C 5&FF,
Cdc5 & [F1M-18 min B FFIATEZEFAL R4, H
Cdc5 11 Ay 2R 4 B[R] S8 35 45 6 (P<0.01),
(3.8+1.3) min (&l 3). iZ45 F i KB/ T TERI B k)
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A 224358 Cdeb B FIAL T 2EHIAL (1 IRAE AT ) Ko o¢
eI, SG5HFH, 25 °C A& R4 Cdes &I
T 2E UL IR EERTIAN K , 37 °C 44 F Cdcb 7
ZEHIAL SRR A, PSS T Cdeb 25 Y SR AE AT
FfEAER S (AEMNMEE T, g Cdcs
BT R E IR B 2R R,
L2550 Cdeb 8 FI7E 2SN i SRAE TR, (HOR
M HERIE

HARFE Cdeb B AT 58 BUHAH A 5 10 B i o
Hif gl Jy 284k, LARREE 1 Septin AR Ay Bif ]
S (FREE T Septin BRI ZERTET IR =", MR



ZEEL | RS, 2021, 61(10)

3297

3. 7£25°C#137°CHFHTHERBBREFLIAD
Cdc5 EALLFFEIAL R R &K/ B (n=12)

Figure 3. The accumulation time of Cdc5 at the bud
neck of budding yeast during mitosis at 25 °C and 37 °C
(n=12). *: significant difference at P<0.05; **:
significant difference at P<0.01.

Septin XIRWIZL S BRI “+7), ARSLIRHIGTT T
Cdc5 & M EEAIEHE A FAIAYRT 2 min B35
L R Cdeb B PR (n=12), %5

WK, 25°C &M, 7E-40 £-24 min 6], F4i
ffL ) Cdes R P12t i m T HAEBE 20 i Hh ok
JEHR I, #E-38 min B4l Cdeb & 9t
5%, i 36 AU, TEE4HHEH Cde5 & F7E—40 min
IR A Ao, A 31 AU (Bl 4-A); TiiTE 37 °C
MR, 22 14 min i8], FAIIEHH) Cdes &
IG5 BE TR T B AR, -18 min
P2 b Cdeb 25 ot B i o 40 AU, T
BN Cde5 & F7E-22 min B¢ GHRE feE , N
34 AU (¥ 4-B). TEAHMIS 2445 1T, WRMEETT
BRI T2 P Y Cde5 2 1 A2 R i T—
BOHFIRRE . 2GR EoR, 78 2 MREEAT
T, Cdcs HEH#EAFAIM B R AT, Bl
JfL Y Cdes A B tas B (1 e T AT
AR PR IE . EAS TR, £ 25 °C &1t
T, Cdcb i BRI 20 M b 9 2 5 -

YIES> 31K 29 AU 1 26 AU, Tfi7E 37 °C 514 F,
FLAEBE 240 5 40 M e i 5 5 B PS40 43 )
27 AU Fi126 AU, HIEAT ILASRELER Cdeb &1
TEBR A AL 55 - A T 8 5 68 BE P I A
P25 (& 4-C, D),

T HENBA Cdeb M e R AR RS 4R
B J12EAEAk, LA Cdes B Tk A T4 aT i 5 tas
JERFEE, RS T Cdes & BRI EA T
AMMLART 2 min H 253258 A Cdes Y
PCHRIE o0 o 5 R R, SRR EE 244F T, Cde5
BN T A0S , B4R — Bl s A
TEUR R AR 25 °C 4:0F T, F-4tiffir Cdes &1
A9 N0 43 T HE-54 . —46, -38 min Bl (H
(&l 4-C), T 37 °C &A1, F4nfifih Cdeb H )
PENCHRFE /T BIE-22 min F1-24 min HELIEAE (&
4-D), {HAFEREMIE, £ 25 °C Fl137 °C &M T,
BEARRI Y Cde5 28 2O G LS HI7E—42 min Al
=22 min HBL T —A~/NE IZEE R ERER T Cdes
A 11 i 2ok R e B A M 40 e 9 B g A AR
fbo 25K, RESSZN Cded & I ERE ARt
I f124 TR, 4035 Cde5 & FI7E BRI S 140
JL e S BB BRI 8], (AR A, BEARTEN
Fir Bt iy, ANENREE N R4 Cdeb
PEIEHR S IEY T A Cdes B st
SREEEME, HIREEIFARE I Cdes & 7 BEA i
HFaMih i Riks . 7E 25 °C &M T, Cdeb &
P MARELIBT 53 24 5 s 22 e it 1 ) [1) 7 (33.58.0) miin
LR TP T B DAL JB 4 B4 28 53 24 58 LY I [ Oy
(58.5+10.3) min, Tfi 37 °C %4 F, Cdcs AT
2 1) 5 P B3 A4 (A S 3 (P<0.01) 4 5 T,
43512 (13.8+2.0) min 5(24.7+2.5) min (€ 5). 4%
R, THERREE 2 Cdeb & e IR 2 2t
ARSI A]
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4. 25°C(A.C)537°C(B.D)&HTIHREBERBELAANPEMAME FHM+P Cdcs EHIIK N BEFITEFR
HIBEE S EFITE(n=12)
Figure 4. Statistical chart of fluorescence intensity and percentage of fluorescence intensity of Cdc5 protein in

mother cells and daughter cells of budding yeast during mitosis at 25 °C (A, C) and 37 °C (B, D) (n=12).
(A) (B)
60 r 100 -

L] k%

° 80 °

60

t/min
{/min

40

20

25 37 25 37
TG i@
5. 25°C 537°C £ TRERBELSZEiTIEH Cdcs EAMBRIPHRERBRA) SRS EESETHK(B)AY
A 8] (n=12)
Figure 5. The time of Cdc5 protein from cytokinesis to degradation (A) and from cytokinesis to division
completion (B) during mitosis of Saccharomyces cerevisiae at 25 °C and 37 °C (n=12). *: significant difference
at P<0.05; **: significant difference at P<0.01.
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2.2 ANIRNRBEXT BRI BE B RS K A K

R T R G TR 1B 2 L) 4 S48 1 5 O
Cdc5 & M5 F 3 1A — 8k, ARS8
FIFE 25 °C J 37 °C 84 M A T BRI EE R A=
MLk (K 6-A). 45K, 7E 25 °C 1 37 °C &1 T,
0-2 h BRI R AR B 220N 5 2 h J5, PRI
BERELEPIIREE T A AR R b, oA KRl 340331
>4 0.2392 #i1 0.2882; 37 °C 44 F, BRIMERELE 6 h
e ASF- 54, 3 ODsos 24 0.839, 1fij 25 °C 454,
PP B TE 8 h N A HE A5 1, H ODsgs 7 0.768.
X—ZE IR, 37 °C &5 F R ek A K R
et HMNES FEE 6-B), AREET, 4F
St 00 K U 118 R T R T 25 359 A e [ T AR S v 53
£, X5 Dominguez ¢ AT 45 R —8(*, i,
A1t T Cdeb 5 MM BT 53 R4 4 1 Ree A Fr g
], Z5RERW], FHmiEEE 2 fdf Cdes & AR5
T I B A R () R A S v, LR
G134 IR 253 458 U IS TR K AR I 2 e B LA
EEIRARIR T R — 20 43 2R T AR A
=AU S /A VN U4 1] 102 o5 e

(A)
1.2 ¢

10 |
08}
L 06 |

3

04 |
02 |

(B)

0.0

Ry T 2D PRGBS
SPRUBBLIIRR , B BOCIRERR, gt T
J5 3 S Bt J% 43 S AR s TR e - 200 ) K
(n=10), Z5HREIE 7), 25°C &M F, ERIEEE:
210 M T4 10E A 5 43 4G 40 A K TE R
(1.190+0.083) , 43 %4 58 Ji B F 4l Jfd 1) K 58 L oy
(1.256+0.089), TfifE 37 °C 5440, WP i BRI i
TE 4 E M5 4 24 B R A Y K 5E R
(1.091+0.095) , 43 %4 58 Ji I 7 40 Jfd 1) K 58 L ol
(1.144+0.069) (K1 7)., F1125 °C &b, 37 °C 4
PR, $E AT 43 S 0sF 0 - 40 M 4 58 E gz T
0.099, 75 HA RFM:(P<0.05), MMii/r3Ese it ¥
LAY T8 /N T 0112, 25 54 .35 (P<0.01)
PLESSRIER, AR, Cdes 2 B 42
TFIR B RS ) R A B 2 e, e kk o 24
SRR, AN YE B
2.3 FRIETEERAN MRS T

R T A PR SEERITE  RE AR R R T AR K
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Kinetics of cell division cyclin protein Cdc5 in budding yeast
during mitosis at different temperatures
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Abstract: [Objective] To explore the molecular dynamics changes of cell division cyclin protein Cdc5 in budding
yeast during mitosis at different temperatures. [Methods] In this study, Saccharomyces cerevisiae was used as the
experimental material objective to explore the molecular dynamic changes of Cdc5 protein in the mitosis process of
budding yeast at different temperatures by using living cell imaging method; draw the growth curve by measuring
ODsgs to see whether the macro division is consistent with the micro dynamic changes of Cdc5 protein; use flow
cytometry to detect the cell cycle changes. [Results] During cytokinesis, Cdc5 protein entered into daughter cells
from mother cells and aggregated at bud neck. The aggregation time of Cdc5 protein at the bud neck was long at
25 °C, and the aggregation time of Cdc5 protein at the bud neck was short at 37 °C. There was a significant difference
between them. However, there was no significant difference in the expression of Cdc5 protein between the two
temperatures. At the same time, the temperature also affected the dynamics of Cdc5 protein during degradation
process, including the occurence of frequency and time of the peak of fluorescence intensity of Cdc5 in mother cells
and daughter cells. The growth curve results showed that the single cell division cycle of budding yeast affected its
macroscopic cell growth, and the faster the division rate of budding yeast, the smaller the ratio of length to width of
the daughter cell. The cell cycle results showed that the dynamic changes of Cdc5 protein at 37 °C were consistent
with the cell cycle changes of budding yeast. The cell cycle results showed that the cell cycle of budding yeast
changed from Go/G; phase to S phase at 37 °C, which also accelerated the division of budding yeast. [Conclusion]
This study was to explore the molecular dynamics of Cdc5 protein in the mitosis of budding yeast at different
temperatures and the corresponding macro growth of budding yeast for the first time. The results showed that the
temperature had an effect on the dynamics of Cdc5 protein, and its molecular dynamics was positively correlated with
the division speed of budding yeast, which provided a basis for further study of its function in mitosis.
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