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General recombination is known to be crossing-over events which require substantial nu-
cleotide-sequence homology. The recombination is aslo called homologous recombination. In
microorganisms, general recombination depends on specific gene functions. The rec genes of
Escherichia coli is analyzed extensively in genetical as well as in biochemical experiments. On the
other hand, illegitimate recombination is defined as a DNA rearrangement between non-
homolegous and nonspecific sequences. The recombination is also called nonhomologous recom-
bination. It can generate deietions, duplication, insertions, substitutions, inversions, and transduc-
ing phage formation. The purpose of the research program is to analyze the mechanisms of
homologous and nonhomologous recombinations and to apply the results to develop the efficient
method of gene targeting in mammalian celis. The projects of the research are devided into four
classes. (1) lllegitimate recombination mediated by caif thymus DNA topoisomerase I in vitro. (2)
Analysis of illegitimate recombination in monkey COSI cells. (3) Cloning of gene(s) for homolo-
gous recombination in fission yeast Schizosaccharomyces pombe. (4) Analysis of call thymus
histone H1 as a putative protein required for homologous recombination.

(1) Iiegitimate recombination mediated by calf thymus DNA topoisornerase 11 in vitro. We
found that purified calf thymus DNA topoisomerase II mediates recombination between two
phage ADNA molecules in an in vitro system. The enzyme mainly produced a linear monomer
recombinant DNA that can be packaged in vitro.” The DNA topoisomerase I inhibitor novobiocin



and anti-calf thymus DNA topoisomerase Il antibody inhibif this ATP-dependent recombination.
The recombinant molecules contain duplications or deletions, and most crossovers take place
between nonhomologous sequences of ADNA, as judged by the sequences of recombination
junctions. Therefore, the recombination mediated by the calf thymus DNA topoisomerase Il is an
illegitimaie recombination that is similar to recombination mediated by Escherichia coli DNA
gyrase or phage T4 DNA topoisomerase. The subunit exchange model, which has been suggested
for the DNA gyrase-mediated recombination, is now generalized as follows: DNA topoisomerase II
molecules bind to DNAs, associate with each other, and lead to the exchange of DNA strands
through the exchange of topoisomerase Il subunits. lllegitimate recombination might be carried
out by a general mechanism in organisms ranging from prokaryotes to higher eukaryotes.

(2) Analysis of illegitimate recombination in monkey COS1 cells. We have developed a
shattle vector pNK1 that contains three bacterial markers, bia (5-lactamase), galK {galactokinase),
and neo (aminoglycoside 3'-phosphotransferase). The frequency of deletion occurring during the
propagation of pNK1 DNA in monkey COS1 cells was measured by transfecting the plasmid into
E. coli cells and counting the number of galK Ap® {ampicillin-sensitive} double mutants among
total Km® (kanamycin-sensitive) cells. The DNA topoisomerase Il inhibitor VM28 stimulated
deletion formation in pNK1 DNA in monkey cells. Since VMZ26 does not inhibit the strand-break
activity of DNA topoisomerase II, but rather stimulates formation of cleavable complex between
DNA topoisomerase Il and DNA, it is implied that DNA topoisomerase II participates in deletion
formation in mammalian cells.

We have also found three insertion mutants. One of the mutants was shown to contain
a-satellite sequences within the coding region of gall gene. This a-satellite has approximately 12
units of tandem repeats and is flanked by a 64 bp target site duplication. There is an inverted
repeat of 4 bp at the insertion site of a-satellite sequence. Another insertion mutani had an
unidentified repeated sequence and is flanked by 353 bp target site duplication. These resuits
indicate that the insertion-duplication mutations may be frequently observed as a type of DNA
rearrangements in mammalian cells.

(3) Cloning of gene{s) for homologous recombination from fission yeast Schizosaccharomyces
pombe. We have isolated a S. pombe gene for homologous to budding yeast S. cereviseae DST2
gene, whose product have the activity of DNA strand exchange. At first, 8. pombe genomic library
was screened with a probe from 8. cerevisiae DSTZ and nucleotide sequences of positive clones
were determined. Approximately 3 kb open reading frame which encodes 991 amine acids was
found in the resulted clone, The estimated amino acid sequence was homologous to the DST2
protein. Northern analysis of the RNA from log-phage culture of S. pombe showed that the 3.4 kb
transcription product homologous to the isolated 8. pombe clone. The DST2 homologue will be
used to analyze the mechanism of homologous recombination in S. pombe as well as to isolate
mammalian genes for homologous recombination.

{4) Analysis of calf thymus histone H1 as a putative protein required for homologous
recombination. An activity that catalyzes the strand transfer from linear double-stranded
tetracycline-resistance gene (Tc®) DNA to circular M13mp8-Tc® viral DNA was detected in a crude
extract from calf thymus. This activity was purified to near homogeneity as judged by SDS-
polyacrylamide gel electrophoresis. We have tentatively named this protein CTST1. The
apparent molecular mass of the protein was 35 kDa by gel electrophoresis. Its sedimentation
coefficient was approximately 1.5 § in glycerol gradient centrifugation. These values led us to
examine the possibility that CTSTI1 is histone H1. Western blot analysis of CTST1 with anti
rat-liver hisone H1 antiserum showed that CTST1 crossreacts with the serum, indicating that
CTST1 is histone H1. The mobility of CTST1 was identical to one of the subtypes of calf thymus
histone H1 by SDS-polyacrylamide gel electrophoresis. We have also confirmed the above
conclusion by showing that calf thymus histone H1 has a strand-transfer activity with a specific
activity comparable to that of CTST1. The reaction required homologous substrates, but neither
Mg?* nor ATP. The reaction also required stoichiometric amounts of protein. Later, we found
that histone H1 did not have the strand transfer activity, but had an activity that anneals two
complementary single-stranded DNAs to double-stranded DNA. Hence histone H1 has a function
similar to 8 protein of phage A, which is known to be required for homologous recombination in



phage A-infected cells.

Above results will be used to analyze the mechanisms of homologous and nonhomologous
recombination as well as to develop an efficient method for gene targeting in mammalian cells.

5= 0

Wi 2 i X S T A s E A
fED, ZHETRICEA TV, oML o
ok - T, $ie RIBEEZE - BESERS
H, BBOLLSEHE L THEERE > Th L, #is
FoZlhdE LA THY, EFERL T
DOHGEZ L PBHMRT > TWa Z EMES I
- TEf Ok UHETOREEILORR
L ABEAIERA L, FELTIo kg oh
A, #F0—-o, (HEF#EEZ (homologous re-
combination) {&, —-> @O [E/L$ DNA OET
AR ICHRFEL TR C 244 Th 5. ok
Ald, RIBBE T RecA BEE IciiET A4RA
ELTHISN, ZOBHOTIE RecA EBHD
Bige A thiscifid ST &z, —7, JEHERERH
#:Z (nonhomologous recombination) i3, #Hfa]
fE 733y DNA [ WM =8> DNA T
B 38Rz Thd, cofiiiiiconwtTld, &
ik i, KEIBEIDNA Y+ 4 L—-20BELT
WBZEERLTWS, L Lass, e
B AN EOMEE OERIELALHSS
T,

Ff, BEOMETIHORBIE-T, B9
PR OMET AR &S h, SEEYNEET
DRE LSRRI bR L 5B L,
FhoolEFEEr LTATHRERSETZ
fEtHL, FHhZETOMIENRT T &ic & - THi
AT OMETOMREET T 2 FEMERENT
7. KIBECRE TR, Thso—soiiic
& o CHETEEBCRS C EOTERIcE D, #
EF OOl KE LB L. ol
i, MEF¥ —4 v 74 ¥ (gene iargeting),
F 5\ SEENIHA A (targeted integration) &I
Eha bL, COENHALMGESEHEY TS
Blfigic s, £ OMETFEBHEECHREST BT
LisTEakoiciihil, chETERshTSE
EFNET MY RS —SIcRBEE AT,

e OGBS I 2 OS] o H
ERLICENEY, T o, GRPELEE
PEROFE~OMEHRBRT BB 0En, &

i, BEREoSF T TEROME S BRA
o TERH, ZOEKREZLERITRIZDIEN
HALTH B,

ETNTHESEM B G ED L S TR
D TWahEE D &, BEEEEYOMIZIH
EFEEAT 2L, HfEFEREECHEAZNS
B, AL OBROKRES FHRTHETS -
T, wOBEFOMBECHAZNAD, TOMER
FEBEEIELIHEEEIPLLEN., TofliEw
EEM% PCR Bt EEHOVW TR T 2 OBNEED
POHTH D, BESFHEGOAMIATE, f
HoAHRIRGHE L FEEMEV O, Fi, IR
BREYHRL CHEESSV R RIS TRE Y,
N5 OB T IR EI I O SRR A BT
5 ERSHIEMEAE o B LA, Th 5 EEER
HZ AEERR TR DE B &0 ) il oRSE
HIEH LI WEEA TV S,

HREiB

o OHEE I, JEMEHEERA BT 2T
LEEAENRA BT ARIFEOZ oL 5
5, ki, FEoMENIAIBE, B, HHYrRE
EHWTITE o7, 9, FWITRVAEIR, <
hZE TRITEbNATERTRC > L THERICHE
METBC&IT B,

Tt L (53648 77— YDinvitro Yy
- SHAENHELTEFS Y AR v OigBEORE
BT EEEZTWAWSIL in vitro ZDRASE
LTuwichs, £OEBROEIET I ORSIERE
HRE OB v RF L ELTHELTHWAIEER
WLt GhE S, 1981), invitro /Sy 7 — Y5k
i, KIBEOEHKIA 7o 7 — VREERL,
ZOBEEP ST 20T, REREDOT
7 5 = ¥ DNA 245 S I0A # ADNA A5/¥

S —UERT, 77— VRTLLTAKTELO



{a}

L Cleavage

hi

(b)

]

E

l, Assembly

(c)

Subunit exchange

(d)

b Resealing

()

Bl 1. JEHREIMNHIRA B4 A DNA Y+ 1 L —
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DT, Ny r—VickTHEZ o7 > — VR
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in vitro packaging

B2 Imovitro MBATICEWA 2D 7 5 —
S OMETHIED. SR t4, Sam7 Ramb, DF (3,
Damls Flam96B %4, mBETEMNL
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7y —YDinvitro Ry = YHETT » — Vi
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Frequney of am™ immd 34

Relative frequency

Exp. Conditions reconzgégfgh% zgapgé‘uno. of of recombinants

1 Complete mixture 3.1x107¢% 1
—Topo 7.8x 1077 0.03
WMgz"" 48x10°7 0.02
—ATP 28x107¢ 0.09

2 Complete mixture 9.2x107% 1
+ Novobiocin (750 gg/ml) 1.3x107° 0.14
+Novobiocin (1.5 mg/ml) 59x 1076 0.06

3 Complete mixiure 1.1x1078 1
+ Antibody (30 pg/mi} a7x10°7 .03

After the recombination reaction, 10z DNA samples were mixed with TE buffer conatining 0.2%
NaDodSQ,, extracted with phenol, and dialyzed against TE buffer, and an aliquot of the DNA sample
was packaged in vitro. Topo 11, DNA topoisomerase II; antibody, anti-calf thymus toposomerase 1I

antibody.
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{a} a351
28?5() 31721 28368 31740
A351 5" -GATCTCCTTACCTCTGATTCAGTAACATICACGCS-3"
ASK i:qDF-——--——--'-----"-
28?50 28%68 25:[!8&
ASR 5% wGATCTCCTTACCTCTGATTTTGCTGCGCCAGTGGC-3 1
312}'06 31'{21 31'{&0
ADF 5' «CGATACATGATCOCGRATTCAGTAACATTCACGCC-3!
{b) a3s2
16909 16924 13818 13836
2352 5'-GAAGGGCTTCGCCATGGGTGATCAGCCGCTGOCGC-"
ASR ADF:
16809 16924 16943

A3R 5' -GAAGGGCTTCGCCATGTACCGGGCGATGTTATTGA-3

13;!02 13818 13836
ADF  3'-CCGATCCGGAGCAGGAGCTGATCAGCCGCTCGGLGE 3"

(c] a358
7780 7796 102 71?
2358 5! —CGCGTI‘CMGGGTCCAjCG'ITGCTGAGTGAATATA~ 3t
ASR ADF
?7?0 77?6 7814

ASR  5'-CGCGTTGAAGGCTCGAGCCCGTCCCTGTTRGTCEG- 3

685 02 7 }‘)
ADF 5 -GGATGAACTGATACCGCGGTTGCTGAGTGAATATA-D!

id}y a361
192,335 19348 /15815 - 15?36
361 5'-CCGGAGTGCCTCACTTACGTCTGCAAACATCGAC-3"
ASR ADF:
19335 19348 19368

] 1
AR 5 -GCGGAGTCCCTCACAGTCCGTGGTCCGGCAGTAC-3"

15801 153[115 158|34
ABF  5'-GATCACCCGCACCATTACGTCTGCAAAGATCGAC-3!

B4 = REIDNA F#4 V25 —Hicks
Az Ic & - TR & i ambert $1# 2
77y —YOEEE K RREOESHRSOIEL
H &7 7 — & ASR & ADF & DNA oig
B DR R OMIEE ADNA _Fofr
B TR, (@) 2351 iz 7y — U &
7 »— YO DNA DI (h) 1352DNA. (c)
A358DNA. {d) 1361DNA.
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B OB TR 20 TH 0, HRMEERL
HWHEDTH B EMELMEIE o,
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pBR322 ori

Pvull * Q)840 ori
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18]
ne BamH|

Pvull

Pvull
B5 b~y y—-pNKL OHGE SBiR<e—
H—L LTKBEOZE>Oilis~—# —,
galK (galactokinase), bla (8-lactamase), neo
{aminoglycoside 3’-phosphotransferase) %
& %, SV 40 K ¥ pBR 322 @ replication
origin #¥Fj>.

B W TREWVERFGREC S EHEohTh
5o "ML OBRIEST L NATHE~NBE
WHRBIC R - o S &, & B B4 2
BT B O TREGERMS 2 EEbN 5,

2. HJb COS1 HEIC &7 2 FEEMRIRZL O

FEIT (Bae o, FIRI)

EaEiE D DNA b B4 v x5 —F 11 Hi3E4R
RIFFIRA 21T 5 T &b h - 10T, Kicly
WHIIENCERBIC F B4 v 2 5 — ¥ L {kFEOH
WAV B30 LEIhERE Lic, 2OHMNDE
B, KBEOZ=>0ME~ — -, galK (galac-
tokinase), bla (B-lactamase; Ap"), nee (amino-
glycoside 3’-phosphoiransferase; Km"), & SV
40 B O pBR 322 @ replication origin % #
shuttle vector, pNK1, #{E L7+ (H5), <D
TSRy FEY VEEH LYY vET COSL A
faicEA, X EiiE 7321y FEEIRL
T, KIBE HB101 (galK recA™) IEEEHL,
Km' Tiddb 2hgalK & bla BEIECRII-HD
ERGERERE L THRIELI, COREAHCT
galK & bla #{nTF 0 ZEE RO HEHE 5
~NFc b T A, FERRIZ 14% T, LHREO DNA i
TARURELERTEH - 2o —F, galk B—ERIG
3% T, TOW, KRHEFERL 81%, AL 6%
TdH »12o fE-T, HEIEHNEZR C 3 IERIMHERR

R2 A COSL AW BT 5 pNKI DRIFERICHT S DNA +#F A v # 5 — YIBHHOREL

Total no. of Km®

No. of galK Ap® % of galK Ap®

Treatment® colonies tested® colonies® colonies?
BMSO 1585 180 12.0(10.4-13.9)
VMZ26 (40 mm) 607 146 24.1 (20.2-28.1)
m-AMSA {4 mm) 1570 223 14.2 (12.3-16.3)
Camptohecin (4 mn) 1519 168 111 { 9.5-12.9)

*The NEQO-13 cells were treated for 1hr by the indicated drugs. DNA topoisomerase I inhibitor campto-
thecin was obtained from Yakult (Tokyo). DNA topoisomerase II inhibitor VM 26 was obtained from
Dr. L. F. Liu {Johns Hopkins University, Baltimore). sn-AMSA was obtained from the Drug Synthesis
and Chemistry Branch, Division of Cancer Treatment, National Cancer Institute (Bethesda).

'Low molecular weight DNAs were extracted from the cells, The DNAs were then transformed into E. coii
HB 101 cells and Kmm® colonies were selected. The relevant genotype of HB 101 is £sdS20 recAl3

galK2.

“All of 187 gallK~ Ap® mutants, which were analyzed by 072 agarose gel electrophoresis, contained

deletions.

“Frequency range with 959% probability is shown in parentheses.
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B36. a5 34 FEFIASIBAENIT 22 1 F 15K OSEIEERY). )75 2 1 F 15K okfloss
R0 OmA, NI galK ORI, KEFER o455 4 MIPIETRY. T LI5S0 golk ORF|IT T8
TRY. HEFEIE, ot F 54 FEFE gl ORPOMEERT. (b) 752 1 K 15K oG {llofRy). B
i, a¥F 34 VEHOBALAZHEBO7 523 FNISREWT 15K &8 - TV AFFIETRT. (Ca
FIAMRHDD sy ZAFEF. O a7 54 FEH LOMILE O % 138K & - Fo i & AT
ZRYT. A AN EEASNBIBE. (d) gall BizTO 5 SEHOFT

ADMEEENE NI DS o7, COREAVT
KFERHBRBICHT S DNA RSV A 5 —F
OIHEF OB AT~ B EEOR LTS LN
- f:o

CORTOBELT L0, COSIHMARA
LIcEBO 73 % 3 F DNA AREE T, DNA
DYIFic & 5 DNA rearrangement %32 L
TWnEnSTHEETH S, TOMBEEROBLS
7oz, pNKI1 A 0%, HlE%E G418 TER
L, pNKI ASKERFICIEZ TV 2IREEDMAIE % 43

gt Lf, CoBoMako—o, NEO-13, i
DNA b&A v A 7 —YHEHCOBL B 7
Z 2 1 FDNAZEINL, XBEHBIOL REL
T, REEROBFFE 2T, B2 eRoh
B 3iT, DNA b4 v 25 —¥ I EERTH
% VM26 (4'-dimethylepidophyllotoxin thenyl-
idene-8-p-glucoside) MRELT R OHE S R X
W5 WS ot VM26id, DNA b1y
* 7 —+ 11 @ DNA SEUIREH 4 EELE T, L
ADNA A v 435~ & DNA LD
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Bd 7. DNA $HZF#i7 » 4 (DNA strand ex-
change assay) X &3 5B & FEIGES).
A, PEROFEEIC B 5 & G, DNA
BaREEE L sTasbhbe & dBfES
115, ald—48HELk DNA, b IE A8 ek
DNA, ¢ 48K DNA, d [3—AR8NRaK
¢, B. McCarthy @iz i 558 &
FUGEEY), DNA SRS E-Te kD
5g & hhfEENE, e id—HGHELE DNA, f
O ARSI SR DNA, g 12 —E8 Al fs
TR & L fc—aSEBHE DNA, h 38V —aAE
Rk DNA, ¥ i3 Riig ol st 24

SHROERE RS 2E 224507, TR
¥, DNA bF#4 v 45— 1 Mhipksimian
B CTIEMAEREL S L TwWa T & ERE
LT3,

iz, TOF75 AL FpNKI O galk™ OBk
RO, 3MEOHARFERL L,
Ofip—-o, 15K, ZfHr LR, + L ilao
PR RERENTH B a7 54 PEEFIER -
TW3B T LML - e, EF| ORI I,
WJE] & REEFIASh b, BAMALICHLM DNA ©
64bp BHEEXNTWVWBEE, F3rafV v
TR AR - T B T &R - (R 6) (Bae
5, HEStE), X5, 2EE0SS I N, N
11 OHGEEFT L& T B, R O
BIEF IS TH D, KEIEORIEHTI galk 7
HMicifA#iEc L, BEMciEALRA 353 bp @

EEMEETVLZ L bhot, COLH IR
ALEEHMNEBICET 5 & 5 4 DNA 0BER I
BB B O THEWREC - T W3 & Eb i
%o WREMOREMIC RE { OEEEHE DNA
BEENTED, S E~FosovF
EWFENT VB0, T OO DNA Oz o
MRELALDD > TORG, O RIS
(ZBUGRCH] DNA Off#Z s > Wi L wa
ReBitihztEbhs,
3. SrBIEER Schizosaccharomyces pombe @
HENHERZ IS T 3 BIETFO O~
7 (EF 5, BiEEETR
MEME% &> DNA B ToMEMaz i, Ww
W EGEREO—>THY, KEHICEWT
i3, MEFERTR O LRI 03RS 10 s &
NTEl —7, EEYIcBOTE, HENH
BRACHRELT SR TE ORARE RSB
FRTRVD 00, H{EEMCBIENIES D
TWBHORBHTOR G, B, HELiE, H
IERERE S. cereviciae ORI OHEE ORI
Woflar o, HRIARKECES LTwasEED
NAEAEEZRR L, #ol, Zh 5% DNA
#5374 (DNA strand exchange) i, #7214 D
— TTERIEME & VR B IR RIS L LTHY
THEM U/ BIAW, KBSE RecA BEBHERZ D
HEHEIC & > T—A$l DNA % 2, & $E[EHT A8
DNA KA S Y, &ELoffiliomagsiEzsn
THI S EEREE s EMNTE S, Thi
—ZAGHBHA DNA & ZASHEIR DNA O TRIE
S€5E, TABEKR DNA &—ZAEE DNA
PERTE (RTA). £7, BULITHEDNA &
flis &k, BITB DL S IC—IEA T AR - 12
SR DNA SR E b, SO7T v 4 B:EHL
THHEBSOMBRABOESSHRE i, &
WTEDMET DSTI Btf DST2 HE s i,
DM, DSTI BEESHW oM, 2L
DST2 |&@% ORI oM R 33T 5
HEDTH B,
Fald, HERRL D STEICEWEED
NTWESREED & DST2 HEME T O Bt
A, 2T, HFEBEDSTZ#ETFE 7w -
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E8 CTSTL oRE CTSTI &ov R E 2 by HL 2P VES A e k- THE L. (A) SDS/15% #
Y7y T 3 FAMESKE. v— v 1, FREMo<-s—; -2 3y S e 2 b v HL (20
ug); L— 3, CTST1 (06ug) &3 v g E X > H1 (20ug) OESE L — v 4, CTST1 {0.6 ug). (B}

B/ FRI/209% KU T2 Y RT P ABESIKED

b—1, avviRie 2t Bl (124 b— > 2,

CTSTI (1xe). (C)CTSTI DY Ay » 7oy b SDS/HYT2YNT FAVBEKEOE= e
EAm—RBEhi, o9 Vgt A v HlL(@25ug) B v —v (L—»2) & CTST1(09u8) 28T
Ly (V=2 3) % 1:500 TFHH L7 rabbii anti-rat liver histone H1 §ilflif& 4 ¥ F 2 ~—bt L, &5
1= avidin-biotin compex & biotin-conjugated peroxidase & & » T4 ¥ ¥ a~<— b Uiz, TifdiFii<
¥ K {3 peroxidase substrate solution {4-chloro-1-naphthol (0.5 mg/ml & 4 mm H00) itk »THEX
i AFERMEO < —# — i Amido Black 10B ik~ THELL (L—V 1.

FEUT, SREER S pombe @ genomic li-
brary X% J—=v &L, #¥F4Tra—¥
OYHREFERE L2 Bohics o—ViLiE,
991 7 3 /EEEERA o — F LB 5% 3 kb @ ORF
BRLNh, BET 3 /B, DST2 LEE
WARBHEDS B - 72 (4 30%), PRI, WEUEREIR T
5 —SERUEROMIEL H RNA 273
L, Northern 7% iFi-4& b, #34kb
DIEEREMMHR O N, M THREEREER L,
OGO AT - 1o & 1A, TOMETR
BROMRICWETH B T Ebhh ol TOH
E I RIBE recA PR DST2 fiizTLRA
550THY, AEHEKED, ZOMETFE, &
ABMBOMETHRAZROBITICHWON B,
Ko, CcoMfEFETo-—FELTESY,
FERET 2 Moo 70 b LT, Sipimlaoiin
BETFOro—= vy I ~NEEGTETH 5,

4, A VEBER b H OBEBHERLE
T SRR (IES, 1989)
FEROBEF LV ALOHEREITLT, S
Koo RecA BEH B O E{LFEHRITE
A tr, RecA BOEMEHEDOT v A EELT
McCarthy © 2B # U /o strand-exchange as-
say i (® 7B) &MV, 39 CAQIRERHIRE R
recA BLEEEEAREL, £hE CBBERAT
BiEFE—ONY FRETHE L COEA
(CTSTLD) WE->hORTEEOEDERALS
HEAR U, T8bhB5 1) 0.6mMKClEITOER
rrmtahd, 2uKCl THb & (Al E
#, 2) 280 nm TEARINERE S, 226nm T
DHEABULARAT, T3 EFOBEERE
TRHEELETVEWSEEERL, Chodtk
# &, SDS-PAGE T® R 44 85 kDa
T, 7Y+ o — VEEAESELTONMRES



188 Th-hBEELALY, Brzco0EY
TrY 7 F 7 VEREEREGVWLD, $4b
BeAbrThh, TORIMISFRELSE X b

YHI TEHEWHEEZ -, 2CTHER MY H
LMEEAWTO LIRSy T oy b2 LTHIE
L5, RBE|BUSERL, LbhbEBLQE o3
b—H LA EhE, TOEH(CTSTL 2D
Koo v 2 F > Hl 0% 7% 4 70—z
—HET 5 LA - (H8), coT &
dEREE (B%PCA fih) Th@lshizex b v
H1 i CTST1 il s A5 BHE iz T
Lo bR E N/, CTSTI k& ARGICIZEE
H DNA HOMHEMEMSEL S s, ATP B
UM REREINTWEDd 1, TR
BRicid, 20 R 7 vAF FHEALD 1 5T E 0S4k
FREIGNLEARSSEL SN, S5 IDE
Blicid, TAMHESMK DNA 2% 3RS~ 7 —
AfEME, BLU ATPase fEiE, % L7 — B9
FEhbimishiim i,

i, Fw4distrand exchange RIGEEL T
WD T == v IRIGTHET Elbh-
Toe T == v RIS GRS —2EE DNA [G)
TOMTAMSEE SN OGS BT
&5, MEE, B HFIRTHY, FEE RecA
ERHC I AOFEESELELTVB T L2405
NTW3B, &1z, 1 77— VOWEENENZ @
VTWALEEELRT=— v/ EEEH S
b5, DNA SAsHiE: iR, EX LY
HI &g 7 =— Y v /7EHREEE ©H 5435, DNA
BRI TE S o, M- T, BEA R
YHlix, A 77— Y03 ENED ¥ 1 7Dl
AMRETCRTWMEZELI LN, LA LEHS,
B TR e X b HL AL & BEEh i
LTWaIHLEE s hTVWEYL, Ay HL @
T == v A BB ORI SR O
OFEERAROIRK L &M% sh 5,
ERLSHROEH

Pk, THPMIBRIC B ABEHHERA & VS
FEHRONT I BT E Dlnes & 75 2R RS
RTTEWTERLEZELI TS, FO—2 U,
DNA b &4 v 25— I icikfEd 5 IEHEIE

RABET W TH 5, BEIEICE VTR,
AIMEEERE OB % FIBE I B VTR, A, R
FOHHERMEMASHE RO h 2, ®ETFD
BRI B9A & DIEBRICH VT & T DIEEFE R
ADHENB VT EBEALEE L >TWE D
LHEIETHEY, Fa ORI C OfEOHR
RANDFHH LD 2522 b0TH B, ki,
TR IDRZHO/EL»SERTZENT, &
R B O CIREERABLR 1 & B HET OM A
AL OB OTIREBD TV B, CORILL-T
FRRAEY T ORI R O 1 Tk
ZHWTT o —FT 3 EMTELEESLT
Whe £f, CORHFEES LTI TOMN
ElieoWiFainic, =2 ADDNA Ff4 Y X
5 —¥ 11 ¢cDNA 7 0 — » DBEEEITI - TV B,
COra—-vEHAOWTTYRXDNA FREA VA
T - HEMEHNICRT S 2 S TERE, <
o R §HlEtic 517 B IEABRRIRIRIMR A & T oy
MAAS DL ITCEIEBTEETHA
Da

b I — o DR, HENHERL 2T S8R
ERUBETFCHET 2RETH 5, SR oM
BAEDEE LCRAFEEEL b0 R b v
HITH o/, TOEHBEERDNADT=—Y &
FETRHERMEL B CEbnh, HBLAES
BHOEME L TESHES SR slid T o SE
BHb, LI, TOFEAEFBETOEMEA
HEEET EREIDEFEWEELTHE,
*/:, HEFREOHBI BETORRICL - TH
ZEERHC B Y R A SR O SEEIc D - 2
YT, EHR, TMpHIEoMN 2 T
BMOFHMESAT B30 L LTHIGTS
5H5DThHD,

BEETOECAH, THoOHEL BT 5
BT OEMNLAZ IR T 2 ERETE S
CEMTERD LT EEBEIE-TWS, L
U ChFE TORRIE D WIENH HAL DE
BOHE%ET CIRITTCEN, SRTEHHEIR
COBEIED ATV E LV EEL TV S,

BbhicYicn, 3ERDI - THERSEER
Wl SESEMIc X » T FEOTER 2 0ftho
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