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EFE#ENINELEaAMENBGREIZHFE
e FREILE SA-28 BEERE M

& &

mRE I % RX¥ FERS

(FHA¥BAX¥HRMABLEIBEAFEAXRE ¥ 200433)

W E

WAFLPEAMNMSHBEOAESBESHA BEAFARENENZARERG RMHLIE SA-28 ERE

EHELIHANBSERBRRAMB AR HMETSAREERRLABR AWM RTEAE IR S RAK
HENERAEFARTRANEN, FEAFASAZEHE HISSMSABRANNREATRERSE N RN MR
BOMEEERN RN ERE RN EAM BATAMEREEFARENER RALB BN AEE

2% T

@R B2 ERENE DOAKCERN,ZAAERTHE,FLP AN

hESAEE Q782 XN A
PR R — TR TR S B
FHERG, N TEAERERRE KK, ATH &5
FEHESDLAK L HAE ARSI BERRL
KEABGEEHFEAL. &R —AEnRARE
FEK, T, S50 E SRR SRR
VRGBT, B BUR AT B e
HERMAORERS TR, NEEREBEHEN
B, 15 6 00— e A R T B R 3Rk A0 b 48 R MR
HABERMEA S, XM TRESBERE LS
KFHEAEERE Lo
RIGRAFLP EABA IR RAKT AL
AHR, FRPERNENBEATRNEESER
(suc) &xmEm, ZheahTSBAEAR
HRGUAERNBESENRY - (BAES NN
UL B K . % 4T B DNA £ T % A 0 3 51
(9 FRT fi &2 [, &1 LI % FLP B4 M40, T %
R a8 FRT A TSI L R S
Jeik , R T b B 47 BF 5% 22 B 48 U0 30 o 48 £k 7 B 2
F+aEH, AXUZFREBSRAHIE SA28
HENBEEED HWBTAHSH R AMES
SA-28 R BRIk R ITHI T KBS R, ZE R TR
B JUA AR 2 0 e U 2 WE AT 0 A K, B R

WM H 8 :1999-01-04 , #8 [1 H 85 :1999-10-26,

3RS 1000-3061(2000)02-0124-05

EAENIS SRV ENEGS Rik SA28 £ H
R m,

1 ME5F&E

1.1 MEkS5RN

KT recA Wbk HBIOL AI THRET H B
T BB ( Saccharomyces cerevisiae )FLP H A B & 15
¥ XGY3 [ MATa leu2-3, 112 i YIP204 { LEU2-GAL10-
FLP) ura3-52 his3-Alerpl-289gal2cir® 1B, 76 B & #
XGY3 AR M aEM 59 A—1 FRT i 5 M
15 A B Bk XGY6-Del, JGYdce-Del, JGY19-Del,
JGY25-Del, JGY30-Del # JGY47-Del''), 2.55kb #
SA-28 # B % ik 8 '), B 8 pLBUII2.1 A
pBAU1I1. 1M 3l ALl S,
1.2 EHE

KEHFEXeEHFE LB, EFAEEEMA
100mg/LBFHER. BEREELEFE SD(6.7
g/L yeast nitrogen base, 20 g/L glucose) , & 7 Bt 65
AWK BH T A Omg/L id A EREY R, B
SE4atEF R YEPD(10g/L yeast extract,20g/L bac-
two-peptone, 20g/L glucose), BB S B T £ EF E
YEPDH(10g/L yeast extract,20g/L bacto-peptone,
80g 1. glucose), BB X H B E R L FE YPGR

B2 H BERHSZIAAZWHLE H KL IRE(863-102-07-01-021).

~BREE.
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{(10g/L yeast extract, 20g/L bacto-peptone, 20g/L
galactose,20g /L raffinose) o
1.3 DNA REER 7

R DNA I8 B E R DNABE A 0%
£% Sambrook HAFEV ., RARSTEARE
hEH Giez EAF KD . BHE 2 TR S DNA
B F & 2% Ausubel % A K 4T
1.4 BEIAKFEAESHL

MYEPD PR IR — T EOBESEE, BEA
3mL YPGR 3 % 8 $,30C #3157~ 8h, W
1AMl EBREONERAE, R Giez FAHT
EHT AR,
1.5 SA-28 EERZEEBHNEREY

E#H — K E®ETF 2.5mL SD 3 % & (30
Trp)  0CIRRFBF 200 B FH. HI4%WEH
$# T 25mL YEPDH 5 3 #& % ,30T #r % 5 F 30h.
P 4% B5HE 25ml. YEPE B8+ ,30CIRE K
Fosh G EWE.
1.6 SA-28 BEEBGPRMREKEAE

B 40 B B, 3 TR O DL & HBsAg B9
ELISA 43 i & B U (2 W r i 47

2 ZRE5H#

2.1 EHESA-BEAFLEANBEESEAR
KHe

LITHRBREIIE SpreSl @S HH SA-28 19
MEBRPETCEHATRENET M., SA28 B
HEHRZ ADH2-SUC2 BB ZERIITHER.
ZRAERAFR-ITEREARRBS T, SRR
PEAMEENELTHERS BHERK SEHE
BeZet, o T LELGERE, L b1 T BT E & Sk
BRI AT LA B 100 L B2

ES % &8k pLBUL12.1 #1 pBAUL1L.1 &
H—1 URA3 B ric #— 1 FRT fi 8, W H /Y
FRTH A A MR, BRIFEH SA28 @4 EH
EH EIEBPITH 2.55kb BamHI FE 4 5 #H A
pLBI12.1 #1 pBAU111.1 8 & & BamHI i &, &
AR & H B EH SA28 ZEXRERTY
D NEN REEI LR HEANEL
F.SA28 HEKLBTHEA N M EMT 4
HE5FRT i AMHEF S MHERMERELN a b
M, € 4% L pLBU112.1 X # &k M i # pSSF10.
pSSF15 1 pSSF13, LA & Lk pBAUL11.1 R R K8y i
B pSSF21.pSSF23 Ml pSSF25; i #% H 5 FRT i &

RHED Fr MEMERE XN Db Fm, 88U
pLBU112.1 &y & & # J& ki pSSF11. pSSF16 #1
pSSF12, L & B4 pBAUILLL.1 X 8 4k & /& &
pSSF20 ,pSSF22 M pSSF24, AR &5 A 1 fiw .

SA-28 gene cassette SA-28 gene cassette

. PSSF13 ety pSSF2S
=, - 'pSSF1S " ey pSSF23
"=, - pSSF10 R — k)

BamHl s 2"~ Hindlll BamHl s 2"~ Hindlll

FRT t/pa3

FRT URA3

! pBAUIL1.1
‘ 3.7kb

Apr

pLBU112.1
3.7kb

Apr

Hindlll Hindlll

Series a

SA-28 gene cassette SA-28 gene cassette

<=« —) pSSFI12 . pSSF22
"~ =3 'pSSFI6 =, - pSSF24
"= "pSSFII =, - pSSF20

BamHl s .- Hindl1] BamH1 -2y o2 Hindlll

FRT {/p43
pBAUIL1.1

FRT yra3
/

pLBUI12.1
37kb
Apr

Bl ERBEaENNEH

Fig.1 Construction of plasmids used for targeted integration

3.7kb
Hindlll

Series b

In series a, EC (expression cassette) and FRT are in reverse direc-

tion. In series b, EC and FRT are in the same direction.

2.2 SA2SERE HIS3 L AMESSRE

B Rtk XGY6-Del 9 HIS3 ZEHEBA P &H —
AFRT @ FLP B4 S MR aks
ARSI THEWEABNEN 2 NS HEFREE IR
MSASHERELELREARBEBAFHHE SR
B4 Bkl DNA #4 3 XGY6-Del ¥ HIS3 i &
B33 Ura” EEREL T2 58 8 XGY6-Int3a.
XGY6-Int3b . XGY6-Intda F1 XGY6-Intdb, I A 2 fF
Ao HPHEHEZHEPH 3 TR FERBEN
pLBUL12.1, T Intd FR FERE & A pBAULLL.1;
ABRBHREM aMbRARERF SA28 BE KRN
THFEFREAFM(NER ST 2.1). ¥iX 12
TEABEARILTHT RS NESA28BEERN
MEIELERALE 1, ROKAM T XCY6-
Int3 4 ,SA28 A B E VK RIAR K ELISA
FE8 £, W BT R 32 £5, £ I 12845, A
SA28 HHLIMMH F A EANEEKEZ2MMA,
XGY6-Int4 BRI R 5 XGY6-Im3 A £ HMAE,
HILATW SA-28 BEAMEZR LA ERNAZHEHEA
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BHWH,MH SA28 XREXE HISI LS UMM S
MEASHELIKFEBRAEZT,

FRT
—4=—— JGYN-Del

FLP-mediated
targeted integration

FRT EC URA3 FRT

—— —apm— JGYN-Int3a
FRT EC {/RA3 FRT

——— > ap—— JGYN-Int3b
FRT UURA3 EC FRT

— - - @m—GYMN-Intda

FRT  UR43 EC_ FRT
T v qu  IGYN-Intdb

B2 FLPEHAMNMSHNREKELES
Fig.2 FLP recombinase-mediated targeted integration
The anticipated chromosome structures after targeted integration of
pSSF series plasmids at the pre-placed FRT sites are depicted. Leg-
end: EC stands for SA-28 gene expression cassette. JGYN-Int3a
siands for integration of pSSF10/pSSF15/pSSFi3, JGYN-Intdb =
pSSF11/pSSF16/pSSF12, JGYN-Intda =  pSSF21/pSSF23/
PS8F25,JGYN-Intdb = pSSF20 /pSSF24 /pSSF22(see also Fig. 1).

£1 SABEREHISS T AESHRAKE
Table 1 The expression level of SA-28 gene
integrated at HIS3 locos

Strain EC copy number EC ornientation HBsAg titer
XGY6-Int3a 1 a 8
2 a 32
3 a 128
XGY6-Int3b 1 b 8
2 b 32
3 b 128
XGY6-Intda 1 a 8
2 a 32
3 a 128
XGY6-Intdb 1 b 8
2 b 32
3 b 128

Notes: The crude yeast extracts were diluted to 1.0mg/mL total
soluble protein, and then were diluted by two folds consecutively with
Phosphate Buffer Saline (PBS,pH=7.4). The HBsAg titer was deter-
mined as the largest dilution titer with a positive result by ELISA assay.
EC sands for SA-28 gene expression cassette. EC orientation “a” stands
for EC and FRT are in reverse direction, while EC orientation “b” stands

for EC and FRT are in the same direction (see Fig. 1 and Fig.2).

2.3 SA-BEEFE/LIEEXBAUCANESS

Fix
ERakEMBOESEER(SUC2)#RX

EMBTIAT RITEHR SUC2RAZARAER

B # JGY19-Del . JGY25-Del # JGY47-Del #y Befa &
E# FRT ML AB, SUC2 BHAEKERE; WY
HE B SERMEHK JGY4e-Del B JGY30-Del 93
B LR FRT AN, SUCZ EERAKER
MR, X SRR P FRT £ 2R 1 B AL 35 R 1
B EKk DNA FRENSISEF  EXRE®E
HESPIREHRRFAMCE 4. BERMNUEHE
DNA #l & &é M A XL AEK DNA B E
BT ARE, S FRT SR EMREER R
ME WAL, B8 K XGY6-Del, JGY19-Del,
JGY25-Del A1 JGY4c-Del 85 FRT FrE R K K B
BHRLBBHRZFES . RACMNBITRS HIS3 ¥
H—f RPN B, e #% JGY30-
Del #1 JGY47-Del # FRT FRfE 3 & ik B 5546 R %
BeDNA FBIMAXESHY, BB THEN
HBHRERFRS , RUACTIREENRFBR(4EER
) U F R, B A& X BBk JGY19-Del R
JGY4c-Deld ¥ FRT FitE I etk H Bk 47 T 3 &+
FHiME, FREBHFESDNAFFEXEYEHE
A¥BEESEEALFANEN G HTRRE L
B AMBAEHIH I PAEFBENEEFIEH
ARGEEAPHNE, ERRAE3, X-FR#
—SEETREIRAKTBREEEN R, B
Bk JGY19-Del ) FRT HER K BN T XI S
BB SR 220kb &b, X iE 4.0kb ) EcoRI
FEAEE - (RNANER BB OFRE
EHE YKLS16 #1 YKLS518, LA B FF ¥ B it 4
YKLS20 M 5" S B i 42 DB H M. YKLS16 #
ME-TEORES, T YKL518 1 YKL520 Thi
@101 ® Bk JGYdc-Del # FRT FFEE %R & 44

YKL516  YKLS18 tRNAAR YKL 520
c =_ I !] T
EecoR1 EcoRl
—
FUN12 FUNI1
c .- —1 T
EcoRl EcoRlI
—

A3 JGY19-Del( £ )GYdc-Del(F X )HER
EohARaKkT RSN
Fig.3 Components in the chromosomal fragments as targeted
loci in JGY19-Del (upper) and IGY4c-Del(lower)
The parts having been sequenced are indicated by the frames under
each fragment. Legend: C: centromere proximal , T': telomere distal.
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RBRALT 1556 M E SR 74kb &, X 48
2.8kb M1 FEcoRl F BB 8 & FF i M £ £ FUNI11
(YALO36C) #1 FUN12( YALO35W )/ 5" 3 K 36 4
DNA KB, EMN SRS MEHM GTP-E4FAMMN
BHE IF2 E0RE B4, FUN12 8B )5 ol &
e, HE TR e M R i,
HTHRSAZBEAEHESERRAMNRE
RS EEER, RINERSTH 3 ~# U SA28
BRAZZBELERARBATMBE S ES AR
pSSF13 1 pSSF22, Xt B # # JGY19-Del, JGY25-
Del .JGY47-Del . JGY4c-Del Y B JGY30-Del # 17 &
MEAHL, BB U BEELTF. SEBRFETH
B TH#HTEAMERAME SA2EARETY
MELISA ME, &R % 2. 5 SA8 HHE

£2 ¥R sA-28 XRENLTRREN
REAMRESHRIEKE
Table 2 The expression level of 3 copies SA-28 gene
integrated at several selecied chromosomal loci

Host strain  Chromosomal locus | EC ] HbSAS Invs.:rt'ase
onentation titer activity
XGY6-Del HIS3 a 128 1.82
b 128 1.50
XGY19-Del YKLS516—YKL520 a 64 2.84
b 32 3.23
JGY25-Del unidentified a 64 2.70
b 32 3.13
JGY4e-Del  FUNI1—FUNI12 a 64 1.02
b 8 0.42
JGY30-Del unidentified a 128 1.52
b 16 0.20
JGY47-Del unidentified a 256 0.64
b 16 2.87

Notes: The chromosomal loci were identified by DNA sequencing.
For every yeast host strain, the 3 copies of SA-2B gene expression cas-
sette (EC) were ntegrated into chromosome at the pre-placed FRT site
by using plasmid pSSF13(a) and pSSF22{b} respectively. EC and FRT
are in reverse direction in “a”, while they are in the same direction in “b”
{ see also Fig. 1 and Fig. 2) . HBsAg titer was determined by ELISA. The data

of invertase { SUC2) activity was cited from reference( 1].

HIS3 N GBS HMREK ML, SA-28 BEAEIL
TEERRAENSESNREKFAREEE
B3 A, SA28 # N & B £ #% JGY19-Del
JGY25-Del LB R A F A8 HEEXKER
BiL,HAHMETHAE HISIHNABESHBEERX
O REAXFHANFEEM AT F SA 8 EENER
HEAEERBEXWER, X5 SUC2 XHEXF A
AR IBESHMREEFLEY 8. 88K
JGY4c-Del JGY30-Del H JGY47-Del 1 ,SA28 B FH
BEP - FoEESNELIKPERETHE
HIS3 i % & W By REKF, M SA-28 HH L5
— M HEBANAREKTFHEEMRTHE HIS3
L S B A R AR KT, A X B R B K AR
T SAB EARSEHEM B L AT, W
HESABEABSHTEMARME KRR (HE 8
~16 %), SUC2 BEAX 3 MREKMANESR
HREBEHAN RN L QAR BEFEBHWE 2 #
HAEMETHK IGY47T Del PEEMEB YA EKE
HEHMHERL, XEANTARKEREZERSF,
REAKNEBEINBRTRESAKAR,
MALETMER SR .SA- 28 RHAERE
HIS3 fi & 85 MRk K F B2 R 75 T30 1
DERS NAFEARNBH N, EmA 2l
HRBEHNENBMERB ISR REAKF B —F
H,SA28 RHERERAKMGABANHRAE
Bk RAN REARANUE—-FnES
MRBEKTEETREMBRERN, &R MHRER
WHLBHBRITEREE, EBMETELEZRTHRER
L E IR (Silencing ) 8 e & 4 &, N B
BEAMETENMGS HMR-E. Jeikmbl  HF #
B DNAFH—BRLUMNAEBRSEEN TR E&KN
5. (Silenced loci which are hypothesized to regulate
aging in yeast)%[mmm]o AXBEHILTREHRE
UBRENLSRERTERARMEAEAFHE 2
EE, WRNUEBEBESRENBEREmMS, i
BENTEREAVBREHECOMEN, ERERE
HEMBSFMER - LHFEBHYRE,

$ £ X W
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Effects of Gene Copy Number and Chromosomal Position on the
Expression of a Modified HBsAg Gene SA-28 in Yeast

PAN Hui GAOQ Xiang-Dong WANG Fei YUAN Hang-Ying LI Yu-Yang
( State Key Laboratory of Genetic Engineering , Institute of Geneties , Fudan University , Shanghai 200433)

Abstract The effect of gene copy number and chromosomal position on heterologous gene expression in Saccharomyces
cerevisae has been tentatively investigated using a modified hepatitis B virus surface antigen SA-28 gene. The plasmids
containing different copies of SA-28 gene expression cassette were integrated into different chromosomal loci via FLP re-
combinase mediated targeted integration. The expression of SA-28 gene in the resultant transformants was then measured.
The result indicated that the expression of SA-28 gene was positively related to the gene dosage at HIS3 locus and had

chromosomal polarity at several chromosomal loci.

Key words Yeast,gene copy number, chromosomal position effect, hepatitis B virus surface antigen, FLP recombinase
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