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Fig. 1  Structure of FLOI and primers used in this study. Region from +1 to 4614 is its ORF; 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. Sequence from P1 to P4 is the intact FLOI
gene. Primers P1, P2, P3 and P4 were used to construct FLOIb, Primers P1, P5, P6 and P4 were used to construct FLOId.
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P5 F1P6 (I 1), %5197 4 W3 1. L% %A %
BB Bk YS59 JE K 41 DNA b B, LL P1 FI P4
I X, FEAT PCR ¥4 o B 4K & 50 pl:100 ng
BiHL DNA, % 1.5 pL 10 pmol /L 5| 4 P1 HI P4,
5 pL 10 x PCR buffer, 2 pL 25 mmol/L MgSO,,
5 pL 2 mmol/L. dNTPs, 2 uL. 50% DMSO, 1 pL
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Table 1

Primers used for DNA amplification

Primers Primers sequence (5°—3") Size /bp Restriction site
P1 TTTGTCGACGGCTTCCAGTATGCTTTCAC 29 Sal
P2 ATTTAGATGAAGAAGTTCCATTGCTAGGAT 30
P3 ATCCTAGCAATGGAACTTCTTCATCTAAATCATCCGTCAT 40
P4 ACAAGCTTTACTACACTT CCTGGGAACG 29 Hind Il
P5 TTTTCGTCTCACCGGTAGCACTGTTCATTT 30
P6 AAATGAACAGTGCTACCGGTGAGACGAAAACAGTAGTCAC 40

A2k 8 FLOT g 8 A5 o3 500 A 51 95 0 P/
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25 mmol /L MgSO,,5 L 2 mmol/L dNTPs, 4§ & /K &
IR 35100 ng, KOD plus DNA % & g1 wL, il
ddH,0 % 2 4k Bl & B 4 fF: 94°C /5 min; 94°C /
15 s, 55°C /30 s, 68°C /7 min, 30 A fF ¥F; 68%C
10 min.
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30°CHE R K5 7724 h; 25 0o S 40 ML » 19 BF 40 D 0037 &
VT 50 mmol /L BERR N ZE P (pH4. 5) , 8 0D,
L0 AR KNN3 FE 10 g/ mL v A5 B A H 5
¥ 2> T 19 AvidinFITC (Sigma-Aldrich, Steinheim,
Germany) Fl &9 5y 6. 8 mmol /L [\ 50 AL 55, 7640 R
500 BEY 4 PR 25 °CARIE30 min; [ I 43 5 5 AS 4
A 5 AN I AvidinFITC [ V8 & 9 K 6 . I %2 41
B VR 1 9% % 8 B, 3000 x g 503 min, 8] H B3
T 5T LT VPO R . T B0 T S PO 9
K174 A 7K P s I R A0 R T 2R R . A A
BioTek Synergy HT £ Iy fit i b A I & 5¢ 06 9 &, IL
TR G K 494 nm, RS O6 K 520 nme
1.6 ZEEENMNE
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Sy FREO. 1 g AR T7 mLE O, JF 4 5 H
0.05 mol /L EDTA (pHS8. 0) I J& 14 /K ¥k 2 3 % 1
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A2 F R RN 2 FUBE
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1.0 mol /LI H g5k .

WsE pH X 2RERE 0 5% Wi NS O T 38 S 5 B 1
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10 mmol/L Tris base ZZ pPii . PR 22 M A4 & X B Bk
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(Open Reading Frame, ORF) 0 _L N 3if U ¥ F¢ 41 .
it k& PCR J5vk, DL5E % FLOL RSt @ 1
5 DNA JF 41 B Il D 43 5k 2k 1) A7 A2 2k D FLO1D
(5962 bp) il FLO1d (6001 bp) . ¥ 41 4 ¥7 45 B %
i, 5552 % FLOI JERAHEL, FLOIb F1 FLO1d 43 5 ik
LT HEHE DNA F4 B A D Xk (| 2) « A 5¢
# FLOT JEH Je JLAT AR JE ) FLOID F1 FLO1d )
4 ik pYCF1.pYCF1b. pYCF1d F1 %% # & YCp50
53 ) Ak 3 Sl 2 R RS R BE YS58 H, R R
WE B R BB EL A 755 A e R A R AN {0 &= R 1
P B B ARG IR AL SC b 0 I % Ak T B T o 9 B
JFORLHEH K PCR 43 #0844 18 B J0E AT 56 3IE 5 43 il i
4% YSF1.YSF1b.YSF1d £ YSp50. | &F40 i py
JFORLH% DU oy BT 22 W 3 11 R 5 A 40 B 1) J5oR 5 U

FLOl ORF
FLOIb ORF
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FLO! ORF
FLOlb ORF

(B)
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TCCTCAGTALTTTCTTCCTCAGTC ACTTCTTCTCTATTCACTTCTTCTCCAGTCATTTCT 3420
-------------------------- 3351

TCCTCAGTCATTTCTTCTTCTACARCAACCTCCACTTCTATATTTTCTGAATCATCTAAR 3480
——— TCATCTAAR 3360
TErrEEEEY

AAAATGAACAGTGCTACCGGTGAGACAACARCCRATACTTTAGCTGCTGAAACGACTACC 4261
AAAATGRACAGTGCTACCGGT: 4221

EEXTEXTEXTTRTERTRTES

ARTACTGTAGCTGCTGAGACGATTACCARTACTGGAGC TGCTGAGACGAAAACAGTAGTC 4321

FLOld ORF

GAGACGARAACAGTAGTC 4240
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Fig.2  Alignment between FLO1b and FLOI, FLOId and FLOI. Only the repeated regions and part of their adjacent sequences were presented. A

is the sequence alignment between FLOIb and FLOI, and B is the sequence alignment between FLOId and FLOI.
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Fig.3  Flocculation ability of YS59, YS58 and the transformed strains.
Flocculation was determined using the method as described in Materials
and Methods. Values reflect the mean of three repeat experiments, and

the error bars represent standard deviations.

®2 FEBEBEKHARTERLERE
Table 2 Fluorescence intensity displayed on yeast cell surface
Strains YSp50 YS59 YSF1 YSF1b YSF1d
FI/0D, 27 £5 302 +17 520 £11 532 +4 519 +7

FI means fluorescence intensity. Results are represented as average and
standard deviation of data from three independent experiments.
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2,21 ANTAPHE S T BE B B 2R BE A ) S AR R
MIA L CaCl, (950 mmol /L Z 4 (pH4. 5) 2% i
o, 2 ANAS 0. 5 mol /LAN [R] 1f Bl » 0 5 i 25 B 23 T
X ZB T B T BE B EIAE ] . g5 R I, AN [R] 2
B DR 320 TR B 1R 2Rk BE ) L 52 B H i B AN (7] R 1Y)
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(R FE RS A B W 22 55 720, 5 mol /L EE W A- 75 T, %
& FLOT DR 1) 1 BF B PR YSFL 40 i 22 5% g J) B AR
T 42.1% ik FLO1b SL R (1% BETE Bk YSF1Db 41 i
LURERE DI BRI T 40. 4% KI5 FLOId & X (¥ 1% B 18
PR YSF1d 40 f 256 RE Sy BEAK T 18. 4% ; M % phil h
Bl FE 4 5 21 1. 0 mol /L, B Bk YSF1 1) 20 fig
JJBEAKE 20. 1% , Ifif 1k YSF1b F1 YSF1d (1) 28 5¢ fig
155 AR R AE 32.2% F1 64.7% (|8 4B) . F|
AvidinFITC X /¥ B 41 f 3 T 28 % a2 O k47 2 & 5
AT S S AS [] T BRE VAT Bk 4 i 2 1T &5 45 1) 2¢Ot B4 k)
B AT I B 2 S U % B PR B A T T R TA KT
A= (£2). LRGREN, HEgLEEA
Flolp A LG, FE .70 B SR 5 R A D Re sz
EERE AN R R A W A, HEE R D
SR B SR A Floldp T fig 52 Ui 25 H 28 8 70 1 40
) e S U Y A . ) FloSp % ik o 45 44 43 B
- S SRR R SR s e e S D Sl TR A
GOR A AT AN B 55 AH 20 4R 1 5 T 1 5 3R T R
g4 P . EHE R IL D BRE, B AR

(A) 100 |- 22210 sugar MM Glu Mal BER Man RZX Gal =] Sac
2 K
o
B o3
=
=
£
= 40
=
E
T 20
0 Al A et
YSF1 YSF1b YSF1d
Strains
(B) —=—YSF1 ——YSFlb ——YSF1d

Flocculation ability/%

0 . . . .
0.0 02 04 0.6 08 1.0

Mannose concentration/(mol/L)

B4 FEEES T XN E KR B EE N AR
Fig.4  Inhibition of flocculation by sugar. The concentration of
sugar in A is 0.5 mol/L. Values reflect the mean of three repeat

experiments, and the error bars represent standard deviations.
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YSF1 7£ pH 24 3.0 - 5.0 2 [a] 2 I 1R v 1) 28 3k e
J3ARAE Bk pH G [ 2 Ab, 41 2L RE ) Tk B
fik, pH2.0 F1 pH7.0 W 40 s 2Lkt 66 o> A L A
31.7% F129. 7% ; 4t pH 2y 10 ¥ 5 V£ ¥4 355 5 40 il
SEAR LB ). HEER AT ES PSR IC B.D
B R IR BE R AR YSF1D 1 YSF1d (¥ 235 RF PR X5 26
5 R i P85 A A FL A B e 11 3 B PR RN AR S L R TR
B B 1 PR 5 v 35 R I W AR T AR YSFL g 2
BEREPE (1 5) o JUIL B PR YSFId Jr 32 B0 1R A0 3
S Sk R AR I pH S FE A B SR B B
(2 E R 11 > pH2. O 1 pH10. Z% 111 T 41 Jfg 24 6k g
PR FELE 50% LA bo BR 5% R Bk S5 1) 50 7% m] DL ok
7 2 R DR 3 0 B A i T 2R B 1
i DR 25 17 5 WA 40 e 2R Tk B ), Lk B K T R A
RS FBEATMME R LN, EREEA
REWFHHED . LR RERY, SR g BEREA
Flolp AH LG, & L I0H 2%, K5 il 2 & 5.0 D k2R
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Fig. 5 Effect of pH on flocculation of YSFI, YSFIb and YSF1d.
Flocculation was determined using the method as described in Materials
and Methods. Each point represents the mean of experiments performed in

triplicate, and error bars represent standard deviation.

YSF1b FIl YSF1d ¥ 2 Bl H 5 25 1 4O/ 8 28 k. 45
5 TR B2 90, 1 mamol / LR P55 41 M B0 6 58 Hy b 6
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ZURERE A W R (18 6) o RV AN [ 1R Bk A A
GBS IR NI RE R A - ER, (HA
[F) AT AR 2R R i ) BE Y 28 1 IR AR A A AR FE AR — B
(o ¥585 2 5 RF T 2R B RE, — J7 1R 4 4
Ry A e AR A AE I G 2o B 280k £ 1 ) &5 A R ) &5
BUHRFEAT M RN EN,: S T E T H
B AR EERESEREANG S . ki
SRR EE 0 B B DGR  ZR B A 5
TG AL RS B SRR ) B AT W s, IX
15 S5 0 % T KE FLONS 56 1R 3) i ) B 5% 45 4
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Fig. 6  Effect of calcium on flocculation of YSF1, YSFKIb and

YSF1d. Flocculation was determined using the method as described

in Materials and Methods. Each point represents the mean of

experiments performed in triplicate, and error bars represent standard

deviation.
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Abstract: [Objective] There are a large numbers of tandem repeats in FLOI, which are highly dynamic components in
genome leading to the unstable flocculation profiles in Saccharomyces cerevisiae. The effects of repeated unite B or D
deletion on the function of flocculation protein was studied to provide theory basis for constructing genetically stable
flocculation gene with minimal size. [Methods] We cloned the intact flocculation gene FLOI from S. cerevisiae YS59 by
PCR, and constructed the derived genes FLOIb and FLOId with repeated unite B or D deletion respectively by fusion
PCR. We analyzed the physiological characteristics of flocculation in yeast strains YSF1, YSF1b and YSF1d containing
FLO1, FLOIb and FLOId respectively. [Results] YSF1b and YSF1d displayed almost the same level of Flol-ype
flocculation as YSF1. However, flocculation of YSF1b and YSF1d, especially YSF1d was more tolerant to pH change and
mannose concentration than strain YSF1. [Conclusion] Tandem repeats regulate the function of flocculation protein.
Deletion of repeated unite B or D, especially D increases the stability of flocculation protein.
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