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Isolation of Germination Mutants in Saccharomyces cerevisiae

QIU Panpan, GAO Xiaodong”, NAKANISHI Hideki
(School of Biotechnology , Jiangnan University , Wuxi 214122, China)

Abstract. The spores of Saccharomyces cerevisiae firstly were applied for enzyme immobilization as
microcapsule. The utilization of the enzyme has been limited due to germination of spores when
treated with nutrients,thus finding germination mutant yeast spore has a significant effect on
applying of microcapsule. We used EMS as a mutagen for yeast cells and screened by ether and
isolated 4 mutants, AN120-m5, AN120-m8, AN120-m10 and AN120-m17. They all can sporulate
and grew well except that AN120-m5 was slightly deficient in cell growth. When verifying the
germination efficiency of 4 mutants in the liquid medium and on solid medium,4 mutants all
exhibited obvious germination defect,however only 1% AN120-m10 spores germinated in the liquid
medium ,and single spore of AN120-m5 completely cannot germinate on solid medium. Hybrid cells
of AN120-m5 cannot be collected because of its defect on solid medium, and other 3 mutant haploid
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cells crossed with wide type haploid cells after 3 generations, and spores of wild type exhibited a

germination eudismic ratio of 2:2 compared with mutant spores. This suggested that a single gene was

mutated in mutant strains will facilitate to find mutated gene in later screening in order to isolate a

strain that completely doesn’t germinate.

Keywords: Saccharomyces cerevisiae ,germination , spore ,isolate

TR 2 A k= R0V L8 3 R e M i U 1Y
O, TRk 20 M 25 3E A D80 B0 B R AT 1 AR
B, R AR R G iR B 4 SRR R TR
T AR 1T A6 7 38 3 75 SR W) 5T A0 A A e e,
W R AETEAR 2 BOE 1B IR A S
TR A AR IRER 4 B 1 A K R
NAT 2253 0 3 B, T A ) 240 L 0E A 2203 2R AR
G NA PR IEFEE R G, RA TR 35 5 B 1 O
A iR IR IR BT A A 22 57 389 R B R B W
Foe— Z BV EE o, 52 0 2 5 s R s R R 1L A
A FOA - B R E P B, O T A AL 2 A ik
AT A0 i A, PRI A S5 360 W & AL A 0 F A B
WwE X,

1617 A1 2 BE S5 44 ph B B SMR OO H 82 A A
(mannoprotein) , B — 1 B W (B —glucan), 7% B Wl
(chitosan), DL & — % % 12 (dityrosine ) JZ 7, 1 {1 7
B AP ) R 2 B2 2 X Sk HA AR,
T 1E 86 A48 S5 A X £ Bt ke = P, AR F 58 A X
— P U 2 1T A ke i L SRR R

AT G % 1 R T A 71 g i 31, s 2
Fofr i 20 ] 5 A Pl O v o Horp— 5 2 DL T 3
AU ) P s 2R 1 BELRS P, 8 8 B v 43 S L 1Y
ity [E] 5 70 A6 BE B, HCRR RO [ E 0 g Y FR E
15, RE IR 1o 10 U J3E TR 5% % B 5 7K fie g ) o fie A
Mo 7—F 7 22 AR 2 LB 52 R
W2 R 2 e 10 T B ANEIE e R R o R 78 M
J2 B AL G55 R A 7 R L E 1Y b
BRI R e B2 B, HAERAARR,
TEGE M0 SRR o 5T RME RO B A W B M 5 1Y
TR, AR IR K Y 4 R B AT B F e Y S
TLREEHE SR H A (H2 Bk 2 5k A
B Z AL AE T AT 38 B E SR s BV AR i &, AR T
it 1) [ 2 Ak, A P Tk R SR R M, AR BIF 5 6 TR
W REEAT AL A5 72, 22 0 R AR A9 4 T ik B Bk
B O S AZ R o

1 s

11 ##
L1 @& a8k W bR BRI B BE (Saccharomyces
cerevisiae ) AN120 Fi A% 5206 28 (R i A HE 48
1.1.2 3253 YPAD B33t (g/dL) .2 w70, 2
HE MR, T BERER Y ,0.003 JRIERS , (4 K 57 Ak
T2 BEAR) s T 6L A 8 57 (YPACe) :2 R,
1 BRI, 2 BEIRHR ;) 35 95 5k (KOAC) ;2 i
BR A, R A RE TR 2 BEAR )5 W A A4 35 37 ik
YPA (g/dL): 2 AWk, 1 BFEESZIRY),0.003 JR IS
PEREVE R 72 5L (SD) (¢/dL) :0.67 A 24 5L 12 1) I B
RU,2 IR .2 MATHE 2 A& 4 2k IR 1Y 2 Ak
FRAR AW 5 K AT 1 1 97 3k (LB) (¢/dL) : 0.5 T B) 42
VE7/IN W S 1 R A T Y
113 3R T XA FZ bk ARLERHHP R
i iR & TR (EMS )00 I &) 28 Jfd 34 47 58 48, 1548 ]
5 gfdL KB B A B R B (Sigma ) fiff R 28748 J5 (1) 245
Yregtk, 2Bl K Y 0.1 mol/L #1184 22
W ,pH7.0,
114 MEL5X%E (Pipet Lite XIS) F &2 .
(CF16RXID) &3 R 5. 0AL, W T E Eppendorf 5
(BA210))t27 Wi Be , W T35 & GE 24 ] 5 (CV334)
R P BB RS, ) R R IR AR IR A WD
1.2 7
121 REXAMCEHBAEREH RESMH
Fred Winston"ff) J5 85 E 47575 , £ 3.0x10% >4 it
fii I 150 wL (9 27228 b2 150 EMS 78 30 “CRE 7 4b
H 1 h, kK5 A 100 mL 5 g/dL. sodium thiosfate j}f
i A B

TR . S, AR TEE YPAD
B bk T 37 CHRER N & 14 h, N S e 24K
BUMEE 13% 75 30 CRER F AL BEL 45 min, 5 8¢ 1 000
5 5 iR AT TE 50 > [ 44 YPAD K525 T 25 C
fEIRA N 4 d I TR S50 5

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.12 2019



FRW B, BLE BEAR AR Rk ik

122 FHATHREARLFLYE 1€ YPAD
Bige e rh b B SR AN, bR VA T A 7R
YPACe 553% 24 h )5, 7= 73k KOAC F 5 3%
1~2 d, T, A 2 ¢/dL lyticase, & T 30 CHE
R 2~3 h, WAl 7, A8 FRUER 2 T
5 mL A8 0.5% TritonX—=100, i F #3875 i i35 4Y
SEFTREBEAR TR S min, FFI B TR VR 2 0. {006
AT AT UL 97 %L B i A0 i X SRy B AL
RIPPZLBRATT . K465 T YPA AR =5 T 30 C
T 30 min, FEANAH AR S EWKE N 2 o/dL,
B & R BT h A 100 4N TT R & 1T 5L
W3 Y-

123 wotkiataa s KHEENfy, &1
100 WL BEEF7KH, I 05 wL A9 lyticase &F 30 C
T 15 min, $f YPAD “FARAENZAbRIZk, B 10 pL
o 4b PR B T — A YPAD B TESAE B R
A0 BRI, B DDA BT S B AL B 10 min, 7 2§
Bi R A S8 10 o3 R 0 L 4 B O Ok BT X
YPAD A b o T B HR 0 SR Al 14 DY 2 A 2
67 AN REIE A BT A IR, PRIt 5 2 AR 0 55 g Ak BT
LA T I e o T PR CE A —

21 RETHEMBHIL

RAFFAEWIE 1, 15Xt an i ok 474k 243850 %
AR b B 7E A0 A R AN S 4l 1 H R A 7E R
37 CNE &, A5 EAT = & 6B i £ 10
BRI B SR A T A B 1 76 R PR A
F IG5, Gt — 52 W B Sk Ak BB B R S
BIRANR L, IO B LA PR SRS
BT 25 CTF, GG IF 46 0 & B A5 200 & G
WIE AR . A SIS T 58 R RE B & 1 28 8 BRAS B
Bl B, DR AR S 30 {150 5% A8 R AE i T T S RE A
RAMAEARIR T BE W A& o o il i £ 1k 7 8 45 1 B
Zit — RN S BRI, & AL PR L 13%%%
PR B0 CBEAE 30 CTF 45 min RE A BE T A 1
SN TR B — O P AT A o AR SR AR 3
X108 T BEAR L, 23k EMS A5 f5, BIERA N
50%~70% , 5 J5 4832 £ Tk i 1215 3] 300 Bk 2245 Tk o
SRSTEU RO P L RN W VAN 1 POk = 37w
XoF RGP BE AT AR, A5G R T 0k 5 AR AR Y
J5 %, RS T HAT W K BB 1 9 A Bk

<« EMS/Zb 3
Wge . oo

1 37°C.Hik 14 h

| Wk B & it T |
|+ 2
K i 7

1 25°C k4 d

300fBLE A it

B 1 REFRE
Fig. 1 Mutation procedure
i 1 Fre 2845 31 24 300 BR AL R AR, O HERR A K
B B B PR L 1L 300 BREETARE T 37 CRRESR, b
103 FR AT LAAE A o T A 05 fET 5 B & 9 ik s, AR SC 2
SEBE X RE T 0L 04 TR R LT (S S i BT, St HEBR
A R O AR AR, B E A B 32 BRI bR
RE ™ F B RS R T bR o S E— 2B I 32 BRI BE
FR AT T A BRI, 0k I S TR AR PR R AT B R A B,
AR ARG R 40, oRldas
AN120-m5 ,AN120-m8 ,AN120-m10 ,AN120-m17,
x1 HiEE

Table 1 Screening volume

it 1 17 L i 126 i e

JE 06 T 1 (2 28 28) >50 000
RN & (&5t ki ik ) >300
TeAE K BB (37 °C) 103
e 1 32
A il Rk 4

e JBUIA P Y R e S G R 2 2T A A A 7E SO A
A YPAD 4% b () Bt J DRE 34 25 20 b A 30/ AR 3 R
76 50 4~ YPAD [l {47 L i % 15 81 45 300 .
22 RITHRIGIE

RS CUE 4 BR S AR BRI AT LLIE H A
i HIIX 4 bR 58 bR R AR B K ) R R oA B
B, I A R R 28 A8 e, oF ] A 35 % L R A T A
KB, K B AR BRI 28 AR R AE 37 CF )5 9%, th
& 2 Al & H AN120-m8,AN120-m10,AN120-m17
HH 6B AR A Ok UL A B Y A R BB T
AN120-m5 W FoR AR MAERK S H, HERRE AT

AR5tk 71k 2019 £ 38 &% 12 14 IEEH




RESEARCH ARTICLE

QIU Panpan,et al: Isolation of Germination Mutants in Saccharomyces

cerevisiae

37 CHAERK. SERAW 4 bRRAEVRARELE 37 CH
AR

B2 RIEHk 37 CEKRKR
Fig. 2 Growth of mutants on YPAD plate in 37 °C

R RN SR A BRAE W A 3 AR TR A R R A
BRTE VR A 7 55 9 1 B EAT 30 E . an1&] 3 (a) B,
Zeid 8 hjg, HPATUA 178 37 CCHI 25 CTHRELE
WK, Mi% 4 bhIRASRRAE 25 CF R 37 CT A
Y A B A g, MO LR BR A AN120-m10 %%
AERRAE 25 “CF AN 37 CR B R RARMAR, DI %R
SRR Y BT A BRBE AR T . 0 S R [ R
B R 0 R B HEA T B0AIE o K S AR AR B A T T I

100

90 -
20 L B 25 °C
70 L 37 °C
,§60-
s 50 F
X 40
B 5L
20 b
10 |
0 5 © S A
& & & &
S
< AR

(o N B S O R S

N5 N8 N10 N17 WT
(b)
(a) ¥ & 16 70T YPA Pl & 2 /NS, im A 7 % W 2 ¢
Ji e R 2 ofdL, 4k K & 8 h, il R AW T L vk
(b) 3 51 K5 58 8 UK ) AN 96 T 15 [ 4 YPAD KGR B 1
25 CHr
B3 WERTHERGMEGEFEFNHEE
Fig. 3 Germination efficiency of mutants in liquid medium

and on solid medium

R b, Kok B A — 7 209 DU A 98 F i —
11, K 6 4L fil T 417E [ 1k YPAD F 25 Crpki 3%
3~4 d J5 4 PR SSARIRAE AR RE 7 55 BT AR 0 an 1#
3(b) N, BEEL LAY G B 4 Rk 58 A5 Wk 7E [ 14 5 57 2k
Y R B R P I A AR R AE 37 CF B
AN120-m17 4 ARHf % , H AN120-m17 #f & F i
Ko I L AE TR A PR T 76 [ AR BE 55 0 bl & L
2.d, AR TN 4 d, B E WS EI Y /& AN120-m5
1) AN 9 7 [ R B 3% 2k b F 4 o] 33 R #1898 42
AR o A RSB R W], 4 R SRR A A
I WA KB RE O, i S 7E i kit
PR G AR T B A B R BB AR AT A

AL 55 R AN120-mS5 f4 B> 17 [ 4 5%
FREE P I AR &, (FR E R AR B R 3 b H R
Rk, %IBEITEM IR R I I R, T
SR I I 4 A R R T AR
IR YPAD I, & B0 BH & 8508 R A 96 A8 LA I
P, A 4,3 ] BEJE KO AE AN120-m5 i 241
TRELE R, HERW IR E RS KB AN A
A TS B0 R R .

&3

A 7R T HRUR B G 2 T RA T 4 AT RE
PRI TR ARG R b, — S 447 6 41
B4 ANIR20-mS4ANEFREMNTFERFEEFEREL
BB &R
Fig. 4 Germination on solid plate of tetrad spores of
AN120-m5

2.3 HARMEIREMIIE

R ORGSR SR B P, B UE S T  AE
PRI 5878 2 HE AR S AR Bk vp % 28 AR bR I AT 645 0
W5 A B AR AR T AL, R 3 2
fi i, MBE 25 5l 16 5 W, 2848 & AN120-m8 |
AN120-m10 F1 AN120-m17 () H %55 1¢ AN120-m8C .
AN120-m3C AN120-m4D, 7£ 37 CF#H K % N
38% 14% 43% ., 1fi 1T AN120-m5 %75 kA BE 15
SRR P AN BE2C FLAS 2 H 38 BUAGIR , S250
NG TE B ST L R SR AR SR AT, U0 B 28 8 1 R 2

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.12 2019



FRW B, BLE BEAR AR Rk ik

T SE 1 o

90
80
70
60 +
50
40
301
20
101

W5 %/%

TRLHE FR T4 15 B A R AR AR AR NS R S S
HoA 85— R R A R 20 A 25 . ANT20-m8 A
2 Ji f AN120-m8C ,AN120-m4B; AN120-m10 H ¢ J5 1%
AN120-m3C AN120-m2D;AN120-m17 H %2518 AN120-m4D |
AN120-m5C,
5 BRENBHBELE

Fig. 5 Germination efficiency of self —crossed mutant
diploid cells

T Bt — A B R B A R 0 RS 1, 7R R A
TR R 2 52 = AUE , TR IR B 50 5 9 1 1
B S E N I S i R O o O ST U P R TR S
BT, 0TS R R A A I R B R ROk A T B
A A A ARG T T R A R AR S I, R R
ORI A RSB KA DO TR o SEBUE R, B &R
DL R B BT R ok A B AR T T KR DA R
BN R ARAER, K 6 W LI R A 2, i
AP 2 AT AR 25 CF 25 =%
S IE B R AR DL AR B AR TG 2 SR T, B
WA R BB PEAR o AL 7 T AN120-m8  AN120-
m10 Fl AN120-m17 {55 = 2% 38 B & AN120-
G38 ., AN120-G310 ,AN120-G317 7 37 CHj k& F 47
By 45% A8% 1 53% , B I U6 T bR A P 4 v, (H 2
IR T B AL SEEG IR — 2D, W R B AR E

WREAR

Wi A KA

ANI120-G38
AT AR TR AN 4 T, ANT120-G38
AN120-G310, AN120-G317 43 5| J&: AN120-m8 ,AN120-m10,
AN120-m17 1y 55 =525 R .
Bo6 HE=RKEZNEEEETF
Fig. 6 Dissection of the third gerneration hybrid diploid cells

AN120-G310 AN120-G317

AFAE R AL TR bR T, AN B 7 0 3 e v st A4 ) o
OYES 3 WA TN A, 3 A BN B AR T 5 S T A 1
A AR RARBUER 2 LB 2:2 AR, BE— Ak
M 5 728 e PP PR 5 28 T bk 1) T BEPEAR K

100 m25%C
90 |- 37 C

80 |

70
60
50
AN120-G38 AN120-G310 AN120-G317
B7 F=REXZNEFEEHEHLE
Fig. 7 Germination of the third gerneration hybrid diploid

B R I%

40
30 F
20
10 +
0

WT

cells

24 itig

A S 36 2 F 90 6 - Dy 28004 HE AT Tl Y T
FEAL W I [ 5 76 9 T BE AR 2 RS R )2 P9 LA R
P 27 07 V54 Tl 2L A0 SC BRAE LB s AR Z M 5E R
BBk b, 75 200 R ARG R T (H R 20 [
B 6 o — A Bl B 2 A 7 38 B8 R W) K
K, T iR 1 AR Y AR A TR R RS
WY R AL, ABIFSE 3 o Tk 2 X 7R X PR 7 e B 40 i
o572, B AR BT & BB TR AR o AN S IR 18 D7 vk 1Y
FRAEAE TR TR T4 LB P, B T 7E 37 CF
KW K WAL R FAE 25 CTRAR A &, &0t
e, M HL N 3 x10° 4> 4 il Hh i 3k 3] 24
300 HR L FE AR , I HLIE AT A R IR, e & GRAE T 4
PRH BB M. T R R AR AR B S B v A
T K BRBE , 0) 20 3 BIAEA URe 28  FE 451F

A WEFEH VB AN U5 AR 5 B ™ 7
AHIFFE A S AR B T S 0 43 B8 AR A AR
PR FAR IR AN AN B 310 ] A 8 T Bk B R B Ry
W 2 G B SO0 B R, 5 HLBA 2 U4 31 AN120-m5 %€
A AR A 6T [ AR SR SR R RE T K, X kT
TG S e 5 AR HE D A B . iR AR R AE
WS IR TP RE A (R A0 T AN AR AE [ A
Rk Bk I H 2 R — R, Hy
A3 PR T6L A A B SR b R R AR X P BE 2
F 0T 43 B A RAS T A T & R A R R AR
161 7T 5 H LA 98 1998 2 A, B B I TR R g

AR5tk 71k 2019 % 38 % 124 IEEH




RESEARCH ARTICLE

QIU Panpan,et al: Isolation of Germination Mutants in Saccharomyces

cerevisiae
—ﬁ‘ﬁ%o 24\u£%%§%0

Sy 36 UE R bR W A R A A P, BT R DA
AR BRI oK AN b A [R5
TR B SR A B B e R, SRR T, 7E S
A TR (A 5g = AR, LI A 9 1 0 A B
TAKME RO L LI 2:2 Y LB, Bk FEAR IR A
e, AN 7 45 18 4% 1 o 14 0 B i 2%, Uk B gk
PR E AP AE R AL RN, T L 4 Bk S AL bR I B TR 2%
AR TR AR KA P RETE o 4 W 28 AR AR PR 45 AN TR
1 EL 4 31 2 0 ANT20-mS i PR R % 3 #k
AR ES, BV L3 IR e 0 e B AT AT LR

| 3l i

ABIETE A T SRR LR AT S A A B
I AT LBk AR PTE A E T — b 2 K
RALRRBI I I LA B 1 4 BRTE [ K B 57 S5 A
R A % 5 e [ I LA W A BRI 9 AR I L
BRIGREEAFAE . 1 T IR AR B al BEPEAR K, 5
252 S 8 M P 7 4R B 2R SR A R TR, DT 3 31
I A 3 [N AR AT 58 4 AN ] 2 9 R 22 T bk, I F 58
T [ TR R AR T R LA R S i R AL

S 30k

[ 1 ]HERSKOWITZ I. Life cycle of the budding yeast Saccharomyces cerevisiae[J]. Microbiological Reviews, 1988 ,52(4):536-553.

[2 ] TOSHIKO S,KEIKO M,YASUKI F et al. Enzymes and germination of spores of the yeast Saccharomyces [J]. Journal of
Fermentation and Bioengineering, 1993 ,75.187-190.

[ 3 ]NOBUNDO S, TOMOKO O,MISUZU N, et al. Morphological changes in ascospores of Saccharomyces cerevisiae during aerobic
and anaeobic germination[J]. J. Gen. Appl. Microbiol, 1980,26.403-412.

[4 ] PAUL K. HERMAN,JASPER RINE. Yeast spore germination a requirement for Ras protein activity during re-entry into the cell
cycle[J]. The EMBO Journal, 1997,16(20):6171-6181.

[ 5 ] JOSEPH-STRAUSS D,ZENVIRTH D, SIMCHEN G, et al. Spore germination in Saccharomyces cerevisiae : global gene expression
patterns and cell cycle landmarks[J]. Genome Biology ,2007,8(11):R241.2-241.24.

[ 6] BRIZA P,WINKLER G,KALCHHAUSER H,et al. Dityrosine is a prominent component of the yeast ascospore wall. a proof of
its structure[J]. Journal of Biological Chemistry,1986,261(9):4288-4294.

[ 7 1 BRIZA P,ELLINGER A, WINKLER G,et al. Chemical composition of the yeast ascospore wall. the second outer layer consists
of chitosan[J]. Journal of biological chemistry,1988,263(23):11569-11574.

[ 8 ] AARON M N. Sporulation in the budding yeast Saccharomyces cerevisiae[J]. Genetics,2011,189:737 - 765.

[9 ] ALISON C,EDITH B,MICHAEL N C,et al. Morphogenetic pathway of spore wall assembly in Saccharomyces cerevisiae [J].
Eukaryotic Cell,2004,3(6):1464-1475.

[10] SHI L, LI Z, TACHIKAWA H,et al. Microencapsula tion of enzymes using yeast spores[J]. Applied and Environmental
Microbiology,2014,80(15):4502-4510.

[11] TOSHIKO S, AKIRA K,KOUSAKU M. Use of yeast spores as a biocatalyst[J]. Journal Of Fermentation and Bioengineering,
1992,73(6) :467-470.

[12] WINSTON F. EMS and UV mutagenesis in yeast[J]. Current Protocols Molecular Biology,2008,13.3B.1-13.3B.5.

[13] ADAM M. DEUTSCHBAUER,ROY M,et al. Parallel phenotypic analysis of sporulation and post germination growth in
Saccharomyces cerevisiae[J]. Proc Natl Acad Sci USA,2002,99(24):15530-15535.

BEEE JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.12 2019



