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ZHSCR D7) BEAT o @ 3 PR AR I A Uk % 56 4
3606 BE R DI RNA 20 5 Ak 2o DL B B
ACTI LN g 5f JE R Quant — 28 3% 9¢ it 5 & RT-
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N4 AF R 50°C 30 min BF AT R Sk ROV 95C
2 minE AT T A8 14 ;94°C 20 s,55°C 20 s,68°C 30 s,
40 /N o Al H] OMEGA 1% BF 5t kL 42 3K 71 &
(Bio-tek, 3% [F) $& B W% RE 1 i i, 2 Sk 051 7
W SE I BEAN M b ORI R DU, 51 s A1
€ [ Invitrogen 24 W) 58 Heo FP 41 4 BT LG BCR M
Vector NTI 9. 1. 0 % 1} (Invitrogen Corporation) »
1.3 FLOI £EFE%E DNA F35| A IR 2REHAR
EEE RN C =N 0F 7S

HRAE GenBank H1 [ BE 3 58 4 FLOT J R % 15 12
J¥ 41 (X78160) 43 i) B vF Fl 45 J% 51 49 P1.P2.P3. P4
(1), %5195 W& 1, Jrb 514 P2 1 P3 2 (1]
30 bp 5 H AN Ao LAFCRL pYCFL O #5545, A1 H]
1A PL/P2 F1 P3/P4 43 5l 34T PCR 1. R W
1A% 1100 ng#iH DNA, % 1.5 wL 10 wmol /L5 %y,
5 wL 2 mmol/L dNTPs,5 wL 10 x PCR buffer, 2 pL
25 mmol/L MgSO,,2 wL 50% DMSO,1 pL KOD plus
DNA B4 W, in ddH,0 %50 pLE{k & . PCR W
ZAF:94°C 5 min;94°C 15 s,55°C 30 s,68°C 3 min,
30 MEH;68°C 10 min. PCR #4475 %) 1511 bp fl

2171 bpff) DNA F B, 29 5l iy %4 4 P1P2 il P3P4.
P1P2 1 P3P4 alify, 5 55 BE IR LU TR A AF b B, R
519 P1/P4 34T fili & PCR, 14 23652 bp il &5 PCR
P 4 K FLOIao @l PCR SN A 5« 25 JBE R
iR £ 1 B AR JL 100 ng, 2%+ 1.5 uL 1) 51 9
(10 wmol/L) P1/P4,5 wL 2 mmol/L dNTPs, 5 uL
10 x PCR buffer,2 wL 25 mmol/L MgSO,, KOD plus
DNA 481 W, i ddH,0 £=50 wLiik R &
PCR Jx [ 4% #£:94°C 5 min; 94°C 15 s, 55°C 30 s,
68°C 4 min,30 ¥ ;68°C 10 min.

N3RS DNA P 3 A R AR [E B 2k 1 A7 4
BEDR, 577K o AT R O e AR, B K FURE pYCFL
HeAb Kl kT A DHS o, 755 2N 1 5 R 1 LB B 775k
-9 % 41 Mk DHS o (pYCFL) o 5 41 1 bR 76 &
ZORHE RN LB 13 M b 37°C £ K (200 r/min)
9% B 16 h B HE— RHEAT T B AL AR [R] N OE 2 A
BIERAETANEHE RN LB BRI LR IR, g
SEWUTTRL , i 28 KN AN[E T pYCFL () 5 41 BRL, JF
BEAT 5 50 53 B o

1 FLOI ERFEMYEEERAMKFAAY

P1
—» +1
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Fig. 1

Physical structure of FLOI and primers used in this study. Region from +1 to 4614 is the ORF of FLOI; the A, B,

C and D are four repeated regions according to the features of Flolp got from SIB Bioinformatics Resource Portal: http://

expasy. org. Primers P1, P2, P3 and P4 were used to construct FLO!a.

®1 PCR¥EHAIMFT

Table 1  Primers used for DNA amplification

Primers Primers sequence (5°—37) Size /bp Restriction site
p1 TTTGTCGACGGCTTCCAGTATGCTTTCAC 29 Sall

P2 ATGATGACAATGTAGTGGTACTGACAGCAT 30 None

P3 ATGCTGTCAGTACCACTACATTGTCATCATCATCTTCAGG 40 None

P4 ACAAGCTTTACTACACTT CCTGGGAACG 29 HindlIll

p5 TTTGCCACCTAATATCGAAGGAACC 25 None

P6 CATCTGGAAGTGTCACACTAATTGG 25 None

ACT1F TGATAACGGTTCTGGTATGTGTAAAG 26 None

ACT1-R ATGATACCTTGGTGTCTTGGTCTAC 25 None

1.4 RiZFRBERESENL

439 B Sall F1 HindIII XU G Y] FLOIa #1344
YCp50, E BG4k E. coli DHS o [ 52 2540 10, £E &5
SN T R R LB AR 0 1 A R R B IOTURE

BEAT W U1 o3 e S ik SRAG A A FLOTa JE DN i A1 3R
B JFobE pYCFLae 25 EEAL 0K K 22 A8 YCpS0 Ji i
Tt 1 B 5 46 20 WL AT 0 T A I 4t 1 B
YS58, A5 AT LA IR e A IR AN AL 2 1R 1Y) SC 3% IR 4k
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Hh 1 % T 4B bR
1.5 ZEgEHNE

ZURERE I H I 2 ok (8] AT i A
Mg . BEREA O fE2 mL YEPD 5 5% ik rf 30°C #% K
(200 r/min) ¥ 3218 h, 4% 1% (v/v) BB T
100 mL YEPD 1 30°C #% JK 5 7224 h; 550 0 4 B
A5 23 M FRHO. 1 g ¥ 1 4K T-7 mL g0 b, I 43 5l
JH0. 05 mol/L EDTA (pHS. 0) Fl J& B /K ¥k 2 i ; ¥
PR BT AES mLAH M. (22 vl s 78 o Pk IR S
30°C &30 min; WX 23 mLE & 0Dy, . 2
Bt )1 (%) = (AR LB I ODgy, — Z2HELE 1P K
OD ) 1A ZRELE M OD g0 x 100% o 5 FH 53 BT IS
JIT A 220k 28 P 9 50 mmol /L Z 2 4h (pH 4.5) ,
ZUREDE PP 50 mmol /L Z 1R - 6. 8 mmol /L& 1L
5 (pH 4. 5) »

DU 5 A [R] Fofr 5 0 5% 22 6 B8 g 5% WA B, 7E 9% PR
A N 2 B D4 0.5 mol /L (1) 1 5 R - i % R
LB < 2 2B R

W5 AN [R5 0 A B8 0 28 6 R g 5% i) ), 7 2%
My A N & W 0.0.2.0.4.0.6.0. 8.
1.0 mol /LI H &5 4

WoE pH XF 285k e J) 5% W I, 7 S 8 5 T
YUUE > A8 A (7] 119 22 10 A, 50 mmol /L 2, 148 4 22 v i
(pH 2.0 = 6.0) ;10 mmol/L Tris base 2% i (pH
7.0 -9.0) o 2R P Bl 2 vl A RN T BR B RE )
1) 5% W) LA It 2 S

D5 A [R]85 25 1 A JBE 0T 28 B RE ) 5% i) I, 2Rk
Grrh b BN B W 4r il B 001054 30, 50,
100 mmol /L.

1.6 FRBEEKEREERZRFEEERE
% bb B

W AN [F) 1 BETE AR 20 0 75 YEPD i 44 55 97 Ak o
30°C #£ /K (200 r/min) 15 9%, 618 hi% % — I HEAT %
AL, JEE AL AR % 10 Yo BB PIAC, K 8% 37
T 24 M B JE iR AT AE YEPD 1 i £, 30°C % 5748 h,
BEHLHE I 100 A B 1 7% T JC B K s =il i E 4 b,
I3 0 5T R~ B TR A B TR R R W WE 1 SC
B FE 7 (SC + Trp + Leu + His + Ura) » 2 424 &
SEE R AL Z R 1) SC 8 7% 35 P i (SC + Trp + Leu
+His) » LR 55 68 50 IR ~ o 54 R FH BR 06 g 1) SC 85 %
FLSEHE (SC + Trp + Leu + Ura) F,30°C 157548 h, it
SR LT VR A K D s 23 AT IR BE TR P JBORE 1R AR E M .

[ ISR AT, B & 4% 13 mL YEPD K5 9 B, 30°C
5K (200 r/min) 57724 h, 3l 1 H L]0 OB
[Fi) B TR 9 2R Bk E 0 0 R 2 S WD B PR TR R IR LS
ZRRERE 0 W I TE T 5y ) E e AT B RE T

2 RS

2.1 FLO! FREMEEEMNRESRFISH

PL5g % FLOL g BER, 38 d fl PCR 47 14 15 2
F A DNA P4 A 58 4 6 K (W AT A2 & FLOTa
(3652 bp) » ¥ I 4 N 2] Ak YCp50 ) Sall Fi
HindIIT B P17 550, KA B AL R pYCFlas

WA SEHE FLOT JE R (W 41 kL pYCF1 #:46 K
J ¥F B DHS5 o« 3k 159 5 21 1% #% DHS« (pYCF1) o F 4]
PRRR A AR B 3% 5 e A W = 41 R K /N AR Ak . Jl
K AT B 9 3 A5 L A% AR PR R A3 LA K A R A AR
P H 2 R, fiy 44 ) pYCFlal - pYCFlaS. i 1)
53 B 4l R WA 5] 5 41 ORI R R O N R AR T
Bk (B 2) o JPaU o b g AR W], 5 56 % FLOI
AL, pYCF1 (#4728 Fi ki pYCFlal — pYCFl1aS i &8
HEFL DRI BB A T EL A DNA PR A1 A AN [) B LA,
RTER 2R AH N B DY) 23 ) i 44 4 FLOITal — FLOIa5
Hp FLOIa j& FLOI "h ¥ 5 DNA J¥ 4] A 4 ik 2%
(474 3L K FLOlal - FLOIa4 & FLOI " ¥ 22 1)
16 14 12 A 11 ANESE DNA JEH] A 45 R4
SRR AT AL T FLOTaS BRER2K T FLOI 10
ANELL I E S DNA JPH A Ab, B 6k T 55 17 #1018
ANHE S DNA JP 4] A H119 bpl#) DNA J741. ERAT
AL P E S DNA 41 BLC Ml D 558 % FLOT J
K 58 4> AH [F)» 350 W) 52 DNA P41 A X T 88
DNA J¥ %1 B.C\D B 25 5y 5] Bk DRy Bl % B[R]
Ho XHAFBTE > E BN FLOD LK 2 W) (1) 22
SR EAEE L DNA JP A A (W 4cE B RaE A —
gi[lylﬂ—ll] .
2.2 FLOI REMTEEREBRESREPHRIX

¥ e 8 FLOT JE R ) 55 41 iUk pYCFL L fiT
A R FLOIa () 41 7t B pYCFla. fif A4 J&
FLOIal - FLO1a5 (¥ 8 41 ik pYCFlal — pYCF1a5.
EAR YCp50 4y ) B A 3 AF 225k B B2 BE YSS8
oh, R DR WE T SR R B HL AN AR S A (R LR
TR A 20 R (1) SC K% 37 Ak b 1% % 4k v pk, a0 I8
RERR ORI HE I S PCR 4 39 43 A1 % %4 4k B bk 32847 560
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Fig. 2

Analysis of recombinant plasmids with restriction
endonulease (Sall and HindlIl) digestion. Lane M: marker;
Lane 1: pYCF1; Lane 2: YCp50; Lane 3: pYCFla; Lane 4 -8:
pYCFlal - pYCFla5.

iE, JF B H 2> ) iy 4 A YSFI. YSFla. YSFlal -
YSF1a5 F1 YSP50. X [ BE4H i P9 53 kL #5 UL % 53 By
P W] R TR RE AN A0 M 1 TORE P DLEC O 2, B
YCp BRI 1T o R 20 h ) g R 4 i o R
A TR R RNA, B 515 6) ACT1 - F/ACTL - R
K P5/P6 4> 53t 4T qRT-PCT 4 #7, LLACTI g5t i,
TS AS [ e B B K T 5 230 I DR 119 A X 3R 08 KPS
45 TR W AR B Ak T R YSPSO Hp B AT AR T B £
% TR I ¢ 35, fi 7F B Bk YSF1. YSFla. YSFlal —
YSF1a5 rfv 344G I 30 2258 5 R (19 3R 0K 17 HL % B Ak
UL 5 ACTI Rk K IEAR—F (8 3),
T AN [7) P R A Hh 288 31 DR 1) 3 0k KT B T B
FE St o

o 7 00 58 A R bR ) R R RR T, R IR
TR AL R YSPS0 KK IAH & DNA JF41] A 5%
AR T A BE B FLOTa V)19 BF B K YSF1a 34 %
AW ISR RE 1, 58 B FLOT 36 3k n] LUAE 1% £F 14
YSF1 7=/ AR i 1) 2Lt g )y (94.5% ) {1 FLOI T
5 DNA JPF A R A A [ B2 68 (0 e 2k A5 1% R 40 it 22
BRE I FRAC (8 3) o LRI T 2 N E DNA JP 41 A
AT AE SRR FLOTal 3235 (F 1% BEB YSF1al &3
BRI LERE S (16.8%) ; RiLHW AT 4 AT DNA
T4 A BIfTA LR FLOIa2 (P 1% B YSF1a2 R B
H38.2% (2t RE ) RILFH 6 NE K DNA J¢
G A AT AL R FLOLa3 [ BE T YSF1a3 R I
67.5% W1 2UEERE 7)o 1] W 2UEEJE A L 5 DNA Ty
B A BB SRR T R G 20RE R ) R E M
Hi T3 5 DNA JF 50 A By 4 8 1) 22 (1 X 32 Flolp

22 5 it A M RE T 8 9 A2 ZE 45K, FL AL DNA J7 4]
A8 2 B AT R T 2R AR R A T R e LA A i R
T > AT 5 408 30 4 1 2% T 09 55 5% T i B A Ok AR AR L
PR 4 gt ™ i 52 DNA B 81 A R ER
[ 2 B ) 5t 2 o 5% i) R T B 1) AE A0 A R THD S R
RSB G, IR I SRR 22 7

FiA 5  FLOIa3FLOla4 F1 FLO1a5 4y 5 4%
6.7 & 7.1 A~H K DNA 5741 A, {H ¥ 4k B B
YSF1a3.YSFlad4 f11 YSF1a5 2 [H) 21k s 1 % A W] &
Z5t. WM, T DNA P41 A [ RSE S 25
e 0 B IE AH 0%, AHAS S O £ Tk G &R, S
FLOIa3 A HE S DNA JP4 A (¥ &2 FLOI |1
33.3% , M A0 T Ak YSF1a3 A1 32 0 H 58 o 1) 21 ik
%47, 0[5 YSFI (1) 71.4% .

¥z Flocculation Il FL.O expression T
100+ P~
? H025 ‘Q
80| é g
£ A o 2
e 7 2
= 60F Z ? 7 g )
g z g g é {o1s 2
/ [
£ swf A0 B
E 40 o B B B Eut
ke 200N 7
= 20t 5 g é g g é 1005 £
'H' R B B B K
11111

YSP50 YSFla YSFlal YSF1a2YSF1a3 YSFla4YSFlas YSFI
Yeast strains

3 FREBBERERERRERERENILR

Fig. 3 Comparison of expression levels of FLO gene and
flocculation ability among different yeast strains. Values reflect the
mean of three repeat experiments, and the error bars represent

standard deviations.

2.3 IMEREZEX A FEEEE KL R R0

2.3.1 FEAMERENBSRERZEEDNEIM: T
LU 5 28 vh v (50 mmol /L Z {3 4h, pH4. 5) i, 4y
A IN0. 5 mol /LA [A) Fh 258 1 8 » W 5E AN [7] et S 4 43
R PR BE TR bR S RE D IS . SR 2 TR 45 A ]
CLE HY, T 8 B %% £F 5 FF YSF1. YSF1a3. YSF1a4
FIYSFla5 ¥y 23 58 5 PE A B2 0 W) 4E 78
0.5 mol /L &% i A7 72 T, ZLEERE 1 40 W BEAC T
41.6% 28.9% 35.7% F1 69. 1% ; H fih ¢ 55 8% %) |-
R TR B ) BB e 0 W AT W5, UG W) 2 e AR
FLOI " HE 5 DNA [P 51 A R AZAS 8] B2 B AN [A) A7 A
1R Bk B AT S W) 2R R S R S 1 TR B A
P RIS S 1 » o 5 DR 2 0K A 1 B 40 iy A= i 23
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¥y Flol #4200

{ELAN [) 1 BF T K (1 28 0 R =2 R 0 400 41 1
FEPEAT W S0 1) 22 5 9 BE B PR YSF1 BT YSF1a5 )
2% B N B OH EEORE Mk R B4 R OTE B AG, fE
1.0 mol/LH & ¥l A7 76, 2Lt e 1 4> Bl BE AR T
78.7% F190. 2% ; i # ¥k YSF1a3 F1 YSFlad fifi H
RPN SR RE I BB A LR T &, L ]
UG P T H FEER JE E T0.6 mol /LI, 4k 4k
P H R OBk X R e LT B R,
1.0 mol /LH 5% Wi 47 7E &, ZLEERE 1 40 Bl B K T

39.6% F141.6% (& 4-A) . W& i H &84 1
SUREE - i - S Eo e SR i d it 5 K BT 3
Ml S LB EONS S, N — T as
e H R AR WE R TE S 3 R T}
W, FLOT FE PR op B3R 36 4y #E52 DNA ¥ 41 A B2k
Joi > AHTT DL S e 21 e AT AE Al i SR T S A B
P i ELRT BRG]k 2k A A G S R e Tk i AR
1k FEAE T T ¥k YSF1a3 1 YSFlad 40 iy 3 1fi (1) &2
et A Flola3p Al Floladp 5 & ¥t & A Flolp Al
Flola5p AH Lt m] G H A 5 47 1) #) 8 e 1k o

R2 TREMEES FHERIERERE DN

Table 2 Inhibition on flocculation of different yeast strains by sugars
% Flocculation ability with

Strains

No sugar Mannose Glucose Maltose Sucrose Galactose
YSF1 94.6£1.7 55.2+1.9 87.9+2.9 90.3+2.3 91.8 +3.6 92.5+1.8
YSF1a3 67.5+1.9 45.3 £2.1 61.6£3.3 68.1+1.7 61.2£2.5 67.2£2.7
YSF1a4 63.7+3.4 40.9 £2.1 60.8 £3.3 61.8£3.5 60.9 £2. 4 63.3£3.6
YSFla5 62.5+2.9 19.3 1.7 60.6 4.0 62.7+1.7 57.9 1.5 62.6 £3.4

The concentration for each sugar was 0. 5 mmol/L.
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Fig. 4 Effect of environmental factors on flocculation of different yeast strains. A: mannose concentration, B: pH, C: Ca®* concentration. Each

point represents the mean of experiments performed in triplicate, and error bars represent standard deviation.
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Fig. 5 Comparison of flocculation ability of yeast strains after
ten generations of culture under non-selective conditions. CK:
the original yeast cells of YSF1, YSFla3, YSFla4 and YSFla5;
1 -10: ten randomly selected colonies of the above strains after
ten generations of successive subculture without selective
pressure. Values reflect the mean of three repeat experiments,

and the error bars represent standard deviations.
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Regulatory effect of FLOI tandem repeats on the
flocculation characteristics and genetic stability in
Saccharomyces cerevisiae
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100101, China
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Abstract: [Objective] There are a large number of tandem repeats in FLOI, which are highly dynamic components in
genome leading to the unstable flocculation profiles in Saccharomyces cerevisiae. The effects of complete or partial deletion
of repeated DNA sequence A in FLOI on the flocculation characteristics and genetic stability in yeast were studied to
provide theoretical guide for construction genetically stable flocculation gene with minimal size. [Methods] We
constructed the derived gene FLOIa with complete deletion of repeated DNA sequence A in the central domain by fusion
PCR, and isolated the derived genes FLOIal — FLOIa5 with partial deletion of repeated DNA sequence A at different sites
using E. coli DH5« carrying the FLOI gene as selective model. We analyzed the physiological characteristics and genetic
stability of flocculation in yeast strains YSF1, YSFla, and YSFlal — YSFla5 containing FLOI, FLOIa and FLOIlal -
FLOIa5 respectively. [Results] No obvious flocculation was observed for yeast strain YSFla, but various levels of
flocculation were observed for strains YSFlal — YSF1a5. Flocculation of YSF1a3, YSFla4 and YSF1a5 were more tolerant
to environmental changes than that of strain YSF1, and displayed more genetic stability. [Conclusion] Repeated DNA
sequence A is important for the function of flocculation protein.
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