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VW, TIT, B, INETIT S cerevisiae OF 111 BREAE (320 kb) ORI DOVWTHENICL R
— 5 —BETFORBREEAX, MBYROFEZHSMILE O TROLE, £ I BREEKLEICDZS
TH 10 kb MO 34 » RO PGK-lacZ Vik—% —BEETFEHEAAS, BREEER-HII/ M 5F—
CTEETHENZ, BHRE OB TREBE L&), BV 2 » 7 (133 EL 199 ), KWl
ALY 10 > P (FOATGE, HM B, 2 hOATIEE, 250 B) ROLN, MBMRBHD EEXT-.
FRBEOMBHRIIZDO L R—F —BETF (GAP-BGL1 ) THRW LN/, S. cerevisiae Dt hOA7T
3% 125 bp @ DNA EEFITHY, @ DNA EFIEIZFRMITESENERIN, BRORBICHEE
WEEL, BHREASENHEEBICE>ERELENDLZHDORFELERD 7, SREKOE FOATIIRHAEEL
TY 5 A% —%73L T spindle pole body (SPB) fiEIC/BTEL . SPB DR Y >N\ B L WIRMHE AR
ANH%B 2, 51T, £ FOAY DNA IEEBICHEALTVS 9, /&, £ hOATVEI SMC &
BEOREENE WV, JOXFIOX L7 —EABIIHUMEEREZE Phot2 oA 7HEERE
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TSR RBLUEHK PGK-lacZ MEFORBEFAKIUTOLI KL THERL =, #FAENEL
B VYRR DNA Wi Z PGK-lacZ 1ty b (LEU2 R—h—BEFEHD) "EHEALFZ. TODNAT
S. cerevisiae KA311A ¥k W& BEERL, HEMEZICIDRAK EOENEALIC PGK-lacZz BfzF% 1 2F
—HALk, BABMEIE—FIIRENE DNA O F BT THRLE. 51, PGK-lacZ BETOEH
AR DBETHRRELVAF 2 —TDDICHEBAKERTMYL T EAEE Lz, BARBMIE, 5 11 BLE
ATRPBELERENS 110602bp (111 FE), 112,077bp (112 FE), 113303bp (113 FE), 114545bp (114
FE), 115759bp (115 FE), 118817bp (119 FE) DALE, IV BREBETIT 449,425bp (444 ), 449252 bp

(449 JE), 450,054bp (450 FE), 450,611 (451 FE), 454398 bp (454 JE) DALE, BV BRAAETIZ 147,731
bp (148 FE) , 151,722 bp (152 FE) , 152,579 bp (153 FE), 156836 bp (157 FE) DB TH B

(http://genome-www.stanford.edw/Saccharomyces/) . 75 A X RZFIH L TREANGICE < DNA S ERE
THEODILTOXISIC LTI SAI FEEHRZEERL 7=, pTMIacZA 1Z, 75 A2 K pRS306A”D Xhol Hf
LI PGK—lacZ 71y b (Sall BiFy) Z#ALTHERLZ, 75 X3 K pTMlacZA % Sacl TH{LE, BC
EHEL 75 A3 R p306ARS #{EB L /=, p306ARS O ARSI FCFNZBEHET % EcoRI #RiL% Xhol SBAricZE it
#%. T Xhol BALITHE 1 BRAEKD CEN3 BEFZET 117 bp Sall DNA Kk AL, 75 AIR
P30GARSCEN3 Z{E#L /=, p306ARSCEN3 O ARS! BL%|& CEN3 EiFI% &Y Scal DNA Wik (955 bp) %
pRS316lacZ D PGK ~lacZ #&T Scal DNA Wi (111 kb) SEFEL, 75 X3 R pRS306lacZACENS % {E
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1 unit 1d, ZORERHFETT 1 HRIC 1 nmol @ o-=Z OV x )V HMIBIBERBE L TEEL =,
PGK-lacZ BEFORBREBIIP-HSH b F—VYDOLEH (umitsmg protein) THEL 7=, MihHiET DS >
/X2 B 813 Bradford D 5% "IZt> TEE L 7=, ‘
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LIBTOWIET, S. cerevisiae D 11 FEREKDOEBUIDT 2T 34 ¥ BIOEMLIC PGK-lacZ L R—4
_ﬁﬁ¥%ﬁ&ﬁku%ﬁi%%&tﬁ%ytDFD%7EﬂwﬂwEMD#BE%&DW%H&H3%
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Fig. 1 Expression levels of the PGK-lacZ gene near the CEN3 sequence. Points 713 and ] 4 are located
at 0.6 kbfrom the CEN3 sequence on the left arm and at 0.4 kb on the right arm. Points 117 and 119 are
further away, more than 3 kb from the CEN3 sequence. At pomnts 112 throngh ] 15, activities were lower
than those at points /71 and 119. Atpoints /73 and 14, the ranscriptional direction of the PGK-lacZ
gene, from the centromere towards the telomere, showed lower activity than thatin the opposite direction.
These results suggest that sequence for repression existsin the 1.2.kb region between points /13 and 114,
containing the CEN3 sequence.
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Fig. 2 Narrowing down the re gion between points 773 and 114 where PGK-lacZ expression is
reduced. The region was divided into three: the CEN3 sequence (the centromere DNA element,
CDE), and the left and right regions (A). Fragments containing various combinations of these
regions were inserted upstream of the PGK-lacZ gene on the plasmid pTMlacZA or
pTMlacZACEN3 (B). To equalize the copy number and stability among the plasmids, fragments
containing CEN3 DNA were inserted into the YRp plasmid (pT MlacZA) and fragments not
containing CEN3 DNA were inserted into the YCp plasmid (pTMlacZACEN3). This CEN DNA
is sufficiently far from the PG K-lacZ geine that it does not affect expression of PGK-lacZ.
Fragments containing the CEN3 sequence reduced activities and fragments containing theleft or
right regions alone showed high activities, similar to those with no msertion (C). Therefore, the
CEN3 sequence decreases expression of the reporter gene.
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Fig. 3 Expression levels of the PGK-lacZ gene near the centromere on chromosomes IV and V. - At points very
close to the centromere, the PGK-lacZ gene, when oriented from the centromere to the lelomere, showed lower
activity than when in the reserve orientation. The centromere sequence appears (o prevent full expression of
genes located nearit. ' '
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Repression of genes located near the centromere
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There is a possibility of many kinds of chromosomal position effects on gene expression
because of chromosomal higher-order structures, nuclear localization of each region of chromosome,
and unequal distribution of transcription factors within a nucleus.” In our previous study, we have
detected chromosomal position effects on the PGK-lacZ gene on chromosome IIl in Saccharomyces
cerevisige. As one of such position effects, points located near centromere showed significantly
lower activity. So, we tried to understand mechanism of position effects near the CEN3 sequence.
Points 113 and 114 are located at 0.6 kb from the CEN3 sequence on a left arm and at 0.4 kb on a

right arm, respectively. PGK-lacZ genes al those two points showed lower levels of expression.
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Introduction of the CEN3 sequence (117 bp) near the PGK-lacZ gene on a plasmid conferred lower
level of expression on the reporter gene, and introduction of the CEN3-flanking sequence lacking
centromere did not. Moreover, expression levels of the PGK-lacZ gene were lower -al points
located near the centromere of chromosomes V and XV. Therefore, we think that the centromere

sequence prevents fully-expression of genes located near the centromere.
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