The Korean Journal of Microbiology, Vol. 43, No. 4, December 2007, p. 243-249

Copyright©2007, The Microbiological Society of Korea

229| =g Ho|FE 0|86 27t Centromeric Alphoid
orgAof atgh 7

DNA Repeat°|

ERF - gols - YMElt - Mgy
chet Asymiamt

Centromere: M L35} JAAEZEED §F €2 F8 7)|5¢ 933k =2 339 F=2 o]t} Alphoid
DNA (c-satellite)= 21 ZHE ol 2t 2.E 459 944 W] centromered] A WA= &= WHE-A G o of F-E-& 3}A)
o). Q171 91-F 4 A A (Human Artificial Chromosome, HAC)S] 7]o) A 714 418 ¢ 332 centromere?] &
2] 9 AA Q) F-A ol et o] o H-& Fol & ¥ o) A alphoid DNA ¥HE-A H-& hook2-E. ©|-§-8}o] Transformation-
associated recombination (TAR) cloning® & AH8-8}e] Aoz B 4 gl ol AP oz A
repeat array-g rolling-circle amplication (RCA) 2 $-8l4 ¢ 5kb7tA] 2 o] S ARA 7] F, A oA AHEAA
Z§-& o] 4% TAR cloning] & AH4-3le] B2 $ vk olFA E=2E 35 kb~50 kb ZHol9] 4FF9)
centromeric DNA repeat arrays (2, 4, 5, 6 mer)S A}8-8} o], vt -2 4 9] A A F-AE A7) $) 8] AFAAR
& W o| 34l rad51, rad52, rad54% AH4-3te] v 34 Q. ok AT, rad513} rad54 ¥ ol F-F o] 4-31e] HAA
L SR A, W EA D9 =76 DM G- H B2 e Qe i, rad52 W ol FE op 9 2] §
AA PN =7} ol $- 32 u]-§2 elG 21, centromeric DNA repeat array$] SFA A& 3] o] 2.2 &7 e}
Wt o] 2§ AHE-E v] Fo, rad52 ¥ o] & A14-3}e] centromeric DNA repeat arrays®] 324 8 A g o] A '
At E-2 9ol £Y £ Aoz vald. o] g F4 3 W2 HAC Al 2o A HhE-A o] Ao B

EEH o2 AH4Y 4 & ALz Alndeh
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AA Y olfE AFA stz Ytk AZF FAA N9 hetero-
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A 32 Fajehas EYe A7 AFgAA A6 B4AA
telomere®} centromere %4 9G-S E33}kar QIrh2, 11). o] 94
A= ZF 49 SolAQl B2 vEAMES T3ta the, 11).
QA7MA] fmd 7] AA As A7E B 432 AR
AHEo0] 7FsdlH thE AFAES F3A ZRAEL Rz
o] &F 1 3lou}, A3 NFAE G FAL olssh= H)
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At B Alx Z2AEY AME-H library
22 AEA oA RHEAE Fito] Bt
Ydo7le AETF WY AR AVE 5
E-3] long inverted repeatstt AT-rich sequences, 121 Z-
DNA9} 22 F2E 71 G7IM8Y A5~ tidt HelA &
Zd o v BPgsitial RaEAThd, 6, 18, 20). HT £
AP AN M= AJZF TAR (Transformation-Associated Recombina-
tion) cloning *FH-Z o]-&3te] AUHAA 199 Holdle Hl
A A& 2A3HArh13). 53] 12 199 FAAL] A Alu
1} minisatellite®} 2+ WHEAEE0] 4 HEo| go| EAlglol
WA, o WA FFE] = library®] 7352 o] 23 vHEA
Feof A A7} A& o] AXEATHL3). o2 E ITE
53] oji HHEXMEEL tdd WA vl B, &5
YellAMe ePgAolels Aol yia| el wets F Ay =24
Eo] AH&-E BAC library®] FA130] #7]=Avks, 13). ol2d
HEAEEL g WA SFEod v B3 32 134
2 ZAAo| doju= Alo] BHIHATKS, 13).

ZOLE R Saccharomyces cerevisine= “F&AANZEZ 717 o] &
dA Jo, o]t 712+ |83 TAR cloning 7|&°] 7Ig
HATH9). TAR cloning 71&& F-AA WA £elslas} s=
AR ol EA8l= 4ZE T DNA F71- Gl Uisk Ax

£ o83t F ARl ag 4 F2ol slEsl= DNA
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9AE AR} F cloning & vectordll EF 0 dh= F3A}
L 5 4 299 2 R Agste G7MES mult-
cloning sitel] 43}] TAR vectorS AAFTHY). ©]2 A TAR
vectorol] A YE F7lE FE-S hook (Targeting sequence: 3
Huljg)olg} 3, o] B §529] A} tjEo] Yo}
= FFAZT AMeE o33 BAmdEN B 4%
Tte]] EAE1= unique hookS AFel= A WMEAME S9
FAA Wl RIS S48l HHEALE ©]83 universal
hooko] AME- 7Fa3ic). o WS 3-8k, A Ebersole (3)
& ]33 hookE centromere W] HHEA Fe alphoid DNA
repeats arrayE AHE-St] Q17 FAAZEE J5E AYE
centromere @] w]oll AF3Ach 171<1-F B A (Human
Artificial Chromosome, HAC) 7439 71 d4&9l g
centromere F ol et QAZLS HIEZ} d) HE BN AE
Z2AES Yo F W DNA FH7} 8P AT o238 thak
&A= FollA o] FYY ol olEe Lok

Centromeric DNA repeat arrays G99 (Fig. 1)8] Fale &ol&
Ro|A Alphoid DNA®S] HHEAMEE hooklE o] &3}
Transformation-associated recombination (TAR) cloningH-& A&
3t A Hoz Rulstytt. WHZOE centromere DNA
repeat arraysS WA rolling-circle amplication (RCAYE E-3}]
°F 5 kb7 Aolg ARFAZ F, AR Yol ASHAAZRTS
°]-8-3 TAR cloningd 0.2 £2|3 4 Qir} B dFolxe o)d
A EEE 35 kb~50 kb Zo]9) 4FF2| centromeric DNA
repeat arrays (2 mer, 4 mer, 5 mer, 6 men)= ARSI, <17kl
YA (Human Artificial Chromosome, HAC)S] 7ldkollA] 713
A ZQ0 K121 centromeric DNA repeat arrays {33 £
o ag fAHQ HAE S5t Solane) AFAAAZH W
O|FE o] &3} Hlm ARSI

e X

AlE 2% % plasmid DNA

B Aol ALEH ZoLE R Saccharomyces cerevisige T=
"= HHAE(NCDQ] Dr. Viadimir LarionovZHE Ao}
AP AHEA oMMFE VL648 TFMat @ his3-4200
trpl-Al ura3-52 ade2-101 metl4yS AFE3FEILO, 12), F5A3A)
Z% EF2 rad5] WHO|F(VL6-48-451; Mat @ his3-A200
trpl-Al ura3-52 ade2-101 metl4 rad51-Al::HIS3), rad52 o5
(VL6-48-452; Mat @ his3-A200 trpl-Al ura3-52 ade2-101 metl4
rad52-Al::HIS3), rad54 WO|F(VL648-451; Mata his3-A200
trpl-Al ura3-52 ade2-101 metld rad54-Al::HIS3)E A3}t
EEgh plasmid DNA (pVC604)2} centromere DNA repeat arrays
(2 mer, 4 mer, 5 mer, 6 mer) =] AMR-E AT TFE
DHIOB [F mcrA Ajmir-hsdRMS-mcrBC) 080dlacZDM15 AlacX74
deoR recAl endAl araD139 Alara, leu)7697 galU galKA rpsL
nupGlE A3

E AR AME-E pvVC604 vectoroll(22) alphoid DNAS hook
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o2 A5ty pvC604+alphoid DNA vectorS A 2}3F3] th(Fig.
2). Alphoid DNA hook €S WE7] 93l HA Forword
primer (atgcatgcategataagagtgtttcanaactgct)®} Reverse primer (atcgatg
cetegageattcteagaaactictitgtgaagtttec) S A-8-81d 5-atgeategataaga
gtgtttcaaaactgctctatcaaaaggaatgticaacgegtgagttgaatgcaaacttcacaaagaa
gltictgagaatgetegagecatgcat-3' 7] A1 8-S H445IH ). Primer &
9 H& AR 2F W FEo] 47 vector®] multi-cloning
siteoll 442 Clal (ategat)®} Xhol (ctegag) AITFEL &S v}
ERdith, o]FA AdE MYEL TA cloning® F g 712
EAIE BAIE MBI (acgeg) siteZ 2T} Y& £9] homologous
recombination®] ©]-8-2 linear vector® THE0] A3} ).

S HiX|, if¥Z=71 X transformation

a2 2 AEE o)&3 gnkdl Ry wHe
Sambrook F(19) ¥ Sherman 5(21)9] ¥HS AME3IA. diF
T DHI0BY 4§ WiXZ LB (Luria-Bertani) broth (0.5%
yeast extract, 1% bactotrypton, 0.5% NaCl, 50 ug/m! ampicillin)
£ A8t 37°CellA wiFslstt. AR wjgel= YPD (1%
yeast extract, 2% polypeptone, 2% glucose) A= 9} o 7]oj
2% Bacto-Agars F7}3F YPD LA A S AM8-8}4T}

e FAAELS Electrophorater (BioRad, CA, USA)S
AREEIY T, AR FANEHOZA Spheroplasts transforma-
tion 'H-& ARE3I ). ] A AH8-=E Sorbitol-Ura ¥ X] 9}
Spheroplasts AZPEH-E £ A7FAdx] Bud A8y wgich
(7,9, 13). B A3 A& 2559 FEAENIE HuiY
2 0.1ug® 4 mer centromeric DNA repeat arraysS AR8-3}¢]
spheroplasts transformation® 2 AT},

Centromeric DNA repeat arrays2| 1%

E A8l A83F centromeric DNA repeat arrayse $17H34
A 2199 EA3= centromere FYoNA EEEH A Z(3), 0]
% centromere2419] 71540 Z 81 o211 Yol EAl=
alphoid DNA 11 merg ©]&3}9 FZ3AthFg 1). o3
alphoid DNA 11 mer= ASEL EcoRIS) AP E 399¢ 5
mer, 2 mer, 4 merZ WE 4 907 ASLEAS] partial treatment
2 2 mer¥ 4 mer7t 9Z2E 6 merd] %= 7153HFg. 1).
o2t 4% F9 alphoid DNAE ©|83te] 4579 centromeric
DNA repeat arrays®] 2132 =383} c}. Figure 204 HojF=
2T} o] o] AAHL FA F FFoZ s 4 Irh@3). Figure
104 BojFe A7 o] UA v FFY arrayE 22 ligation
st AA7 F, 74 repeat WollA] 717 Bo| EAlse 8719 4
ZIME-E primerZ 3FI(3) Amersham TempliPhi kit (GE
healthcare, USAYE ©]831¢] RCAE F33I%th < 5 kb A=
2] Aol o]F oA o] repeats DNAE Y31, &X o)A
linearized pVC604+alphoid DNA vector®} &7 spheroplast 82
ZAFHOZ TAR cloningS 33tk o] Whgo=z 4F 79
repeats®l| ™3] 24zt 35 kb~50 kbS] centromeric DNA repeat
arraysE #-2]3}4T}
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Fig. 1. The alphoid DNAs at the human chromosome 21. The
structure of centromeric alphoid array at chromosome 21. Alphoid
arrays at human centromere extend to several Mega bases. Type I
arrays (021-I) are highly homogeneous higher-order repeats of the
170 bp monomer. Alphoid arrays with monomers containing the 17
bp CENP-B box have been shown to form artificial chromosome in
cultured cells, but Type I arrays (021-II) have proven to be
inefficient. The 2 mer, 4 mer, 5 mer and 6 mer in the 11 mer of human
alphoid DNAs were obtained by an EcoRI digestion.

85 W thET LHOIM centromeric DNA repeat arrays 3
7| &2l

AR TAR cloningHo 2 H2]¥ centromeric DNA repeat
arrays®] F71E ZARLY] 918k, F29) 2 30709 FAHBAE
5 mi®] SD-His ¥Wi=]el] 21 30°Cell A wjFslgitt. oleler &
Bo) FAMSAZHE YAC DNAE E2|31(12), 2 & 1/59]
FE Nol &4E X3 ¥ CHEF (Clamped homogeneous
electric field) gel electrophoresis (BioRad)E 433}t 2t &
Bl AU centromeric DNA repeat arrays®] Z7]& alphoid
DNAE probe® AME-3l4d Southern blotting (195} #<18}T).
EF A AYEE YsiME =707} 919 alphoid DNAS &
E U2 oA #4208 A2 F o) 30709 FAABAE vy
&3led DNA 2715 ZAKSII

AR Fe)d 4552 centromeric DNA repeat arraysE U]
7ol AT 3, 427 27|12 AT WE AgdeR
FAEE7] st 292 FAHIAE A¥ste] DNAS Ha]
St AFAEA NodSZ *{2|3F - CHEF gel electrophoresisS
T8t =gk 4HUE centromeric DNA repeat arrays®] tha
o HollX A FARERE 2487 A8k, 4 =217}
HAE FHATAES FA Aol streakingdt single colonyS
BN F, 2 subclone HiUEl] 2AVEH T

Y

29 LH2| in vivo homologous recombinationS O83} 4l
& &l centromeric DNA repeat arrayse| £2|

£ A3 A48 Z} alphoid DNAS] BF2TR9) 2 mer, 4 mer,
5 mer, 6 mer B7IMEL Fig. 1914 HodFE= AT} o] A7+
AAA 2139 centromered] EAY3IE JHhoE 1 V)50 =9

7o)X alphoid DNA2} SF8A 245

A)
Opbi29 DNA polymerase

(~5 kb fragment)

v

® .
pVC604+alphoid DNA
P S X
X >

.
X
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Hook sequence Product size

S’atgcatcgataagagtgtttcaaaactgetctatcaaaaggaat
sttcaACGCGTgagttgaatgcaaacttcacaaagaagtitet 108 bp
gagaatgcicgaggcatgeat 3’

Underlined sequences correspond to sequences used to design
primers. Alpha satellite sequence contains a native Mlul site
(marked in capital). Digestion with Mlul enzyme produces two
hooks of about 40 bp each end.

Fig. 2. Construction of synthetic centromeric DNA repeat arrays. (A)
Scheme for amplification of multimers by RCA to approximately 5
kb. (B) The isolation of the elongated alphoid DNAs as a circular
YACs using TAR vector. The TAR vector contains sequences from
S'promoter region (black box) and from 3' end (black box) of target
alphoid DNA (C). Yeast cells were transformed with the RCA-
amplified fragments along with a TAR vector containing two target
alphoid-specific hooks. Arrows indicate the RCA-amplified frag-
ments and x represents the homologous recombination between the
alphoid DNAs. The vector contains an yeast cassette, HIS3/CEN/ARS
(a selectable marker HIS3, a centromere sequence CEN6 from yeast
chromosome VI and yeast origin of replication ARSH4) and a BAC
replicon that allowes the YAC clones to be transformed into E. coli
cells. (C) The DNA sequence of the alphoid-specific hook.

9 o211 9ol EA8h= alphoid DNA 11 merE 0|88t &
Z3HThFig. 1). =3 centromeric DNA repeat arraysS A7%5}
71 $13F TAR cloning®] target sequenceZA] alphoid DNAE
hook© 2 AF-31%ItHFig. 2C). 2 ¥] E79] alphoid DNA 2]
unit A}o]ol| A} AEAS HIWSPA, Table 1914 RojF= Az
2 mere 7 709 units 7ol 75.56% ‘3EAE-S WERIL, 4
mere 212}t 73.98%~86.08%% “3543S VERAATE. 5 merd] 7
& 4540l 5 mer-29} 5 mer-47F W% o} blast (1)°] 2]}
£ 4E80] FARNHA et thE wittllE 75.79~87.5%
FERE JESITE Table 1914 X2 A9 R8-S A%
ol 70% vl FEE oJu|gith o] alphoid DNA 11
mer= A|FFEA EcoRl AIFFE 49| partial treatment® 2 mer, 4
mer, 5 mer 2#3L 2 mers} 4 mer7} YAH 6 merE 8] 5)
ligation® 2 93-S TFE F(Fig. 1), phi DNA polymerase® °F

5 k7hA 2N F, o)8 Bl AR uolN ABAAZTE

o >
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Table 1. Homology among the units of human 11 mer alphoid DNA repeat array

2mer-1 2mer-2 4mer-1 4mer-2 4mer-3 4mer-4 Smer-1 Smer-2 Smer-3 Smer-4 Smer-5
2mer-1
2mer-2 75.56
4mer-1 86.16 76.87
4mer-2 X 81.55 73.98
4mer-3 81.41 76.69 86.08 74.07
4mer-4 76.85 88.02 77.27 84.43 757
Smer-1 86.71 78.36 97.08 73.98 85.31 7727
Smer-2 X 80.24 75.79 86.9 X 81.1 75.79
Smer-3 754 85.35 79.03 92.07 80 85 79.03 82.32
Smer-4 78.52 76.69 83.57 74.05 91.78 72.52 82.86 X 77.69
Smer-5 77.27 90.97 79.45 85.03 77.86 90.42 79.45 85.8 87.5 76.43

Blastn , gap x_dropoff :50 , penalty for mismatch : -3

©]-8-3F TAR cloningH .2 A A ZItHFig. 2).

Y] 59 centromeric DNA repeat arrays® A2-3}¢] TAR
cloningHol 93] FAE FAASA 22 6rfS A5, o
2 =72 A1%4¥ alphoid DNAE Southern blotting analysis®ll
o] SAHATH: 4 mer alphoid DNA2] 413, Fig. 3A).
A3}, 35 kb2] 2 mer array, 45 kb2] 4 mer armay, 50 kb2 5
mer array®} 30 kb9] 6 mer aray’} 7FE 70 Zolg& AFH
centromeric DNA repeat arraysZ +2]3FTtHTable 2A).

E A38E B8 497 2 centromeric DNA repeat arrays®
2 ol 30 kb~50 kb2 tolE YERRITE ol 7wk
unit Woll A3k A7|1M g} 54 olol 23 FE5A=
& WIze] Ao} FedAER ] dojd F &= oA DNA
array A9 gk Al gk ztelE mEE 4= otk WA
AEAAEE EE DNASY 29 MY o&3da RuEY]
3(15), TR A0 70%X 100%0 127174 AL f
AR Rz 2 Jepdol B8 Th16). 3, 2 centromeric DNA
repeat arrays®] 7} unitz+e] “4FAd 2] 2telz} gluizhs v oo
o} A4E73°) 73.98~76.43%F YERNER 0|2 A% WX Ao
2 38slE ofgth Wi, dE E°] Fig. 3A0A4 BoFE
A 2ol 4 merd] 214FE ZolE Southern blotingS 3} &
ARE W, & lane B(E BARXEA D) & 7 o142 band
7 #Fo] Auide ZbeAdS JEIith agEE 7
centromeric DNA repeat arrays®] A173® Zol9] zfol= AFFA
Azgo] dojd F, ax <] FAAANA YoJul= DNA array
9] P39 AJolE ALEH O] centromeric DNA repeat arrays®]
ol tigt A S 3

CHEZ LHOIM2| centromeric DNA repeat arrays A

Y] Z5F9] centromeric DNA repeat arraysol A 714 71 Zo)=
AdeE FZAHEAE 5 mle] SD-Histj Ao 3423 vjust 3,
HY DNAE 25t 100u] £ 58t o] & 2 A83}

Table 2. (A) Accurate transfer of alphoid DNA repeats into E. coli

Intact alphoid repeats

Alphoid DNA  Size / total colonies Stability (%)
2 mer 35kb 1/84 12
4 mer 45kb 1/56 1.8
5 mer 50kb 1728 33
6 mer 30kb 1/84 1.2

To analyze the accuracy of the alphoid DNA arrays into E. coli, indi-
vidual transformants were cultured to isolate the DNA, and were ana-
lyzed by CHEF gel electrophoresis.

(B) Stability of alphoid DNA repeats during propagation in E. coli

Alphoid DNA  Size fﬁt;f ccgllg;’ll:: Stability (%)
2 mer 35 kb 10120 50
4 mer 45kb 1720 85
5 mer 50 kb 20/20 100
6 mer 30 kb 0/20 0

To analyze the stability of the alphoid DNA arrays, E. coli transfor-
mants included the entire repeats size were streaked to single colonies,
and individual subclones were analyzed by CHEF gel electrophoresis.

& Electroporater® A8-3t] 3 DHI0B| A& A7
5, 3 BEAEA 28841 ZHH DNAZ Fe&th &
DNAE Ad&EAZ A ¥, CHEF AV|95E 53 278 =
ARste] ERoAe} 22 27|18 A FAABAE AEsIHTh
(Table 2A). AT W Z 213 =712 centromeric DNA repeat
arrays A8 BAWEA 9 HIEE 2 mer, 4 mer, 5 mer 11
6 mers| A ZH2} 1.2, 1.8, 3.3, 1.2%Z EFHTHTable 2A).
oA Ee8lE 35 kb9 2 mer array, 45 kb2 4 mer
array, 50 kb9l 5 mer array$} 30 kb2] 6 mer arrayE A Ol
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ol FAATIE Rt AUE fRHARE A& gotr ] 3l
Z} YAASAE Hobl Aol streakingd}o] subcolonyS A Z
t}. ©]# & subcolony=S 7t amray?t} 20712 w5l DNAS
sl 2718 ZASHITHTable 2B). 21 A3} SHYsHA RA
" W=7t 2, 4, 5, 6 meroll A 242} 40, 85, 100, 0%= 42t b
Epstrt.

olF 3t Alg A4k Zh B unit Wol| EAIEE G Ee]
EL A5 0E Q1% Fo R, A dtollA] FASA|Ee] vEEA
Fol tiirollA Ebgstths Aol IASHhs, 13). T3 7t
array 7F9] QP34 ztolE WHE- wnit Uol) EAlsE f714€E 7H]
A5 Aolz Al o] AdM A& 7} centromeric
DNA repeat arrays®] A% oo zlolo} Y3k AFaA
A5 AZ2Fo] dofdt 39 AE ol A=z Qs A}
Z AlEdn.

S5 oMl obM A H| 1ot MSMX|=E Ho|Fe| 0|2

TAR cloning 22 A73% 2z} centromeric DNA repeat arrays
E i W= 3238 NS o, F %9 RN=E 43 =2
719 DNA E°] FAIEH ] S4E s ¢ I A
2ol & VAT o]2igt ARl ARS-E tgTL recA1SEA]
ANz RE7t 9A e doin, £ AFelr gol
ARG AT WhE ] A9 e dRiEe] ob 44 A
Tl 311 chimera ¥4 OZ 3 DNA FAo AsHA] &
< Aoz A TG, 17).

45 kbl 4 mer9] centromeric DNA repeat arraysS &% W2
FAHE A7 3, AT FARAEA 3070E vl DNAE
F23 5 Ax 3 WA o] CHEF A7|9F ¥,
Southern blot analysisE F3l L 7|5 ARG L A,
Table 3A°|A e A 22 0.1 g2 alphoid DNA & 3
T 234709 FAHSAZ} AN, FAARA Yol EAlst=

Table 3 (A) Transformation frequency of mutants by spheroplast methods

Strain Average number of transformants® Ratio
Wild type 234 1
rad51 251 1.07
rad52 11 0.047
rad54 207 0.88

#0.1 pug of 5 mer alphoid DNA was used

(B) Stability of 5 mer alphoid DNA repeat array in yeast strains

Strains Intact size/total colonies Stability (%)
Wild type 6/30 200
rad51 7/30 233
rad52 22/30 733
rad54 6/30 20.0

To analyze the stability of the alphoid DNA arrays, yeast transformants
were analyzed by CHEF gel electrophoresis and southern blot analysis

AROA alphoid DNAS] 9H8A4 247

o] Wit gl Hlg) vl w2 NEE YERHAITH1.8% vs
20%:; Table 2A vs Table 3B), ¥HEAES ztx] = dukgQl
DNAE 80~95%2] A4S UERIRE JUdoz 32 s
oJulFit}. olgd @ A NIEE wo|7] Al A=Y
recA19} o] AEAAZE ] DAY WMol radSl, rads2,
rad54 TF5 0|83t eHgAdel vja] ZARIATE WA 0.1 pg
9] 4 mer alphoid DNAYY T3] FAXINNEE 2ALG 23, of
AZS) BIB) rad513} rads54 A5 W= Aolg A9 VR
2] 92Ok Table 3A), rad52 TH= AT FAHS Hix9
72 JEATH4.7%). ©1213 FRAARA Az} 3071E &

3le) 75 Yol FAE alphoid arraye} Zo)E ZARIATH 1
A, FRARIN T} opYFo S| FABMA UElD rad513}

GV

50 kb
20kb

B)
- 50 kb
© 50 kb

)

(E)

1234567891011121314151617 18192021 22 23 242526 272829 3¢

Fig. 3. Stability of synthetic 4 mer based alphoid arrays in recombina-
tion-deficient yeast strains. (A) 45 kb alphoid DNA arrays (black
arrow) generated from 4 mer was isolated from wild-type yeast strain
by TAR cloning. CHEF analysis of the YAC clones showed that
approximately half of yeast transformants contained alphoid DNA
larger than 20 kb. The transformation yields of intact inserts with 2
mer, 4 mer, 5 mer and 6 mer-based arrays were determined (Table 2
A). (B)~E) showed the stability of subclones from the recombina-
tion-deficient yeast transformants with the 45 kb alphoid arrays; (B)
wild-type (C) rad51 (D) rad52 (E) rad54. To analyze the stability of
these alphoid arrays, transformants were streaked fo single colonies,
and individual subclones were analyzed by Southern blot hybridization.
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rads4 52 FAAANME 4 233%} 20%2 %A}ﬁl s
JERN It Table 3, Fig. 3B, C, E). ol Bla} mj$ &‘@
AIRN=E JEINE rad52 g5 oRFH} 34) 01’2}
73.3%] H44-& VFER ATHTable 3, Fig. 3D).

o]t AHEL WA TAR cloning®] A8-E+= spheroplast
transformation-2 SN2 FAASNET} wf-¢- DH3
Aoz Hol, ojfe] FFAAEH 71&edle RADSZL F€
AEs 3= FoE AEET: E3 AXE U9 AEAIZE
gt A EAN = RADS27} FIEE 3 AR ALF O,
centromeric DNA repeat arrays®} Z¢] Ajujgdo] 2 dopl= &
Fgs DNA B9} FANE rads2 FF7F WS EFHow
A2 4 0ol B AT T3 5 mer centromeric DNA
repeat arraysE ©]-8-3 APAME FALE ZHE YERHIIE. o]
213 ZI= A% 360 kbS] HAA| 3HE rad52 T R
HABAIA FFAE =2 A9} YX|ETh(10).

£ A7 AHES T8I P AR o] =2 AR Y
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ABSTRACT : Stability of Human Centromeric Alphoid DNA Repeat during Propagation in Recom-
bination-Deficient Yeast Strains
Kwang-Sup Kim, Young-Sun Shin, Sang-Yeop Lee, Eun-Kyung Ahn, Eun-Ju Do, In-Ho
Park, Sun-Hee Leem*, and Yangil Sunwoo™** (Department of Biological Science, Dong-A
University, Busan 604-714, Korea)

The centromere is a highly differentiated structure of the chromosome that fulfills a multitude of essential
mitotic and meiotic functions. Alphoid DNA (o-satellite) is the most abundant family of repeated DNA found at
the centromere of all human chromosomes, and chromosomes of primates in general. The most important parts
in the development of Human Artificial Chromosomes (HACs), are the isolation and maintenance of stability of
centromeric region. For isolation of this region, we could use the targeting hook with alphoid DNA repeat and
cloned by Transformation-Associated Recombination (TAR) cloning technique in yeast Saccharomyces cer-
evisiae. The method includes rolling-circle amplification (RCA) of repeats in vitro to 5 kb-length and elongation
of the RCA products by homologous recombination in yeast. Four types of 35 kb~50 kb of centromeric DNA
repeat arrays (2, 4, 5, 6 mer) are used to examine the stability of repeats in homologous recombination mutant
strains (rad51, rad52, and rad54). Following the transformation into wild type, rad51 and rad54 mutant strains,
there were frequent changes in inserted size. A rad52 mutant strain showed extremely low transformation fre-
quency, but increased stability of centromeric DNA repeat arrays at least 3 times higher than other strains. Based
on these results, the incidence of large mutations could be reduced using a rad52 mutant strain in maintenance
of centromeric DNA repeat arrays. This genetic method may use more general application in the maintenance of
tandem repeats in construction of HAC.



