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DNA-Independent ATPase Activity of Deinococcus radiodurans
RecA Protein Is Activated by High Salt
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Deinococcus radiodurans RecA protein, when bound to DNA, exhibits a DNA-dependent ATPase. In
the absence of DNA, the rate of RecA protein-promoted ATP hydrolysis drops 1,000-fold under the
physiological concentrations of salt. This DNA-independent activity can be stimulated to levels
approximating those observed with DNA by adding high concentrations (approximately 1.6 M) of a
wide variety of salts. This effect was characterized by varying salt concentration and comparing the
effects of different ion types. The higher concentrations of salt stimulated the ATP hydrolysis by RecA
protein in the absence of DNA. At 1.6 M chloride, the observed stimulation showed the following
cation trend K° > Na" > NH;" and the following anion sequence was observed: glutamate” > C1™ >
acetate’ > PO4 at 1.6 M K'. The catalytic properties of the salt-stimulated ATP hydrolysis reaction
was optimal between pH 7.0 and 8.0, which was similar to the double stranded DNA-dependent
ATPase activities of Deinococcus radiodurans RecA protein. In the absence of DNA the active species
for ATP hydrolysis by RecA protein was shown to be an aggregate of three RecA protein molecules.
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Deinococcus radiodurans= polyextremophile®]™, &J2] &
Blo] 4715 DNA 48 S350 43, 53] o]23)
WAk gk Agde g 553 xdFo|th D
radiodurans recA= ©| UAES] WA A4S Ul
#HFol B2 ol DNA Az 4 2ol AAFTHEs).
D. radiodurans®] recAS T3HA| ='W F23F DNA /430

ZRE JEEHE sYo] AN, A2 4o oY AKEe
WAkso] EAlgke 270lA AAsle SEo] AAEThe, 7).
RecA Z-& RecA-like @A TAT, AT, &%, A=
9 IfHEE T EE AFTA ‘ﬂ]'ﬁﬂ”:] 45 DNA HE
(pairing) ¥} “3-5 A ZFH(homologous recombination) gl )
o] w9 FQa3F ASS 33} D. radiodurans®] recA §7
A= Thermus £9] recAS} FAHH, D. radiodurans®] RecA
AL Thermus aquaticus RecAS} 69% oFi|:=AF 4 #
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AMIS 7HAH, E. coli RecA$} BIalEA 53% 2] obv|=AF A
4 TAMIS JERATHT). DNA &3 gk wil-g- 73k A3
2 FHA Aol o3 vehd o7 SAS 2 1A HE
EAo2E UEhA] %= DNAS Tl F22Ql Eoly
o] BFAA Aog AAEE w9 H{ 2 o2 vEhdth
RecA T EL2 DNA 9J&4 ATPase 84& 7HAH, A5
AzF 779 9 DNA Azt 4 HA<A DNA 7+ ﬂﬁi
S-S Zul3ci(3). DNA 7he w8hhgolA] RecA )

2171+ DNA] A&3l] RecA nucleoprotein 3 Fﬂr‘ﬂ.‘éa
Aslal A3 DNAZF A3 (pairing)sHAl =] AZAERKjoint
molecule)”} FAFHA EX] o]F(branch migration)©] 213}
o] DNA n3hkg-o] dojdtk o]u] RecA nucleoprotein 2
S E AA A ATP 71=23817F dofuf £4] o] 5Heg-& &
FHo g dojuA Jth ATP 7KES7} TFHA @& =4
oME EEHQ vhEo] dojuA] A FTK2). RecA Tl
o 23k ATP 7123l = RecA TijAo] $#HoJdl= processl|

ol H

o Fl;
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Wi Fas A%hs g@etA "ok g2 Al RecA T A
7R 2 D. radiodurans®] RecA TEL 9715 &2 o]
27V DNA9| ©@&A(monomer) RecA7} %2 o2 ZA3lst
o] DNA A Zo]ol nucleoprotein BEFAEE HAJSICE ATP
(32 dATP)S 7I5&8l5t™ DNA 7heh w3he-3 S &
TH3). E. coli RecA Td A DNA &4 ATPase°]™,
DNAJ| Z33HA] 942 JejellA¢] DNA H|9|&E] ATPase &
438 0.001 min' FEZ FAIE = Aok 1) DNA &4
ATPase /3> DNAS} ©hildo] Fo a8 Aol &gt
LRl el IS s F Uthe). 2HEE B AFX=
DNA Hl9J&4 ATPase 84S F3l| D. radiodurans
RecA protein®] EZHQl ATPase?] 542 ERIste 2=
9 @IS FESA g

Mz X Yy

Mz = Alf

24E Ak 2 ATP AA 2 AZAA 2Rl (coupling system)S
“+/d3}= phosphoenolpyruvate, pyruvate kinase, lactic dehy-
drogenase, NADH®} ATP+= Sigma (USA)olA TF¢3}.om,
DEAE-Sepharose FF resin¥} Bio-Gel hydroxyapatite+ BioRad
(USA)ollA Fdste] ARSI

RecA THHZE! x|

D. radiodurans native RecA THZ-& o] f-AAp| 249
2 pEAWI158Z 7}AE E. coli STL2669/pT7pol26 055 <+
FA(100 pg/ml) Z Fhwto]2l@d0 pg/mlye] F+-E LB
brotholl HZ38 % 37°Col|A 600 nmA12] FB=7} 0.55 A
4-5A1%, 200 rpm & HiYFEFATH3). IPTG (HE5% 0.4
mM)E 718t recA A S FEskal 3AIXT ] W%k
slo] BB AES AT HEG0 g)S 25% sucrose”}
¥3H9 250 mM Tris-HCI (80% cation, pH 7.5) $-5-89%(200
ml)ol] 2 =o]3, lysozyme (1.4 mg/ml)E 75t 4°CoA
1A)7F ¥kS31tE EDTA (10 mM HE2E5)E 718k 30
B2 AAFHEA S 3 T 259E AEE etk
HE MZE 4°ColA 31,000xgE 1A7F DA Balale] A&
JZHE 2 FEEZ o)&3tk & FEE<] polymin P (F
TEE 05% viv)E FH3] H7slaL 4°CellA 3027t Aol
% 25,000x<g2 1587F GAEE Stk FHAES 50 mM
ammonium sulfate’} ¥3t8 R 58920 mM Tris-HCI;
pH 7.5, 10% glycerol, | mM DTT)2.2 2 A|Z3}aL 4°Col|
A 1587 AolFEA e 3 25,000xg2 2087 94 &
gale] A5AS HE|a, RecA ©HES §2317) 8 H=
ZAE-S 200 mM ammonium sulfate’} ¥3H R 5890
2 AlFeHA Fekslar 25,000xg 2 3083 94 BElsle] 4
S8L a9tk Ammonium sulfate (0.2002 g/ml)S H7}s}
T A4 EEEte] JHE 9iEs HEa Al E oA
ammonium sulfate (0.145 g/ml)E 7}k & 25,000xg= 30
B 94 E23le] RecA @AS AT HAAES

o

0)

ammonium sulfate (0.377 g/ml)7} & Aoz A
3} polymin PE 7}t 3k A|ASIal 200 mM ammonium
sulfate”} 235 R &5-8qo] 2 Zo|3 T4 ol Hof 4°C
olA] 50 mM KClo] 23t R ¢8R 18417 53 &%
fAS 33] nlto] 7hH F2415le] ammonium sulfateS A7
3}tk B3+ ammonium sulfate #EEo| s DEAE-
Sepharose AErIETIHIE  AA)5FtE  DEAE-Sepharose
fast flow (2.5%12 cm) FAE F38t 50 mM KClo] X3
R 95840 2 mimin®] FE502 S FE3] BE
AT BlE 255G 150 m/he] f&508 FAF &
Y SF8doz A HA ge ddo] 3] AAHEE
FEFAE FAC 29 @ ES 0-500 mM NaCl 5%
HIE Zol 2 mi/min®] F492 F 600 ml EE|HA EYES
Fo} thg #gol| o]83lATt. D. radiodurans RecA THE
o] ¥3H RIEL Eo} 350 mM P IFEA(350 mM
potassium phosphate; pH 7.5, 10% glycerol, 0.1 mM EDTA,
1 mM DTT)ell F435lal 543 58] H¥E Bio-Gel
hydroxyapatite Z3 (2.5%15 cm)°ll AHsFG k. 300 mle] P
(500 mM phosphate) ¢5-8H0 2 Z&F0] RecA TS
BZ3TE 5% RecA Tio] X35 BIES Kol A
& 458420 mM Tris-HCI; pH 7.5, 10% glycerol, 1 mM
DT T3 & &g¥ bro] -80°Cell Easiiith. D.
radiodurans RecA TA ] T==4S BZ34A15 0.372 Axo
mg/mlS ©]&3IATH3). D. radiodurans RecA T&o] Fx
= TEAe vE2 BAEATh

of

o

ATPase EHMdEAM

D. radiodurans RecA T &0l 9J3} ATP 7&-&all+ 2
el o8l EAEHATH3). BE ¥H-E 37°CollA] 3
Rom, ATP 7HrEale] ee d4d 3 F=A4 24
Exog =AEtk ATP 7I-E3lE AXE ADP+= pyruvate
kinase®l] €]}, phosphoenolpyruvate} ADP©| ¥-8-5}] pyruvate
o} ATPZ HE=|o] ATP7} A= o] ATPS| F=7F YA3H
A€t} Pyruvate lactate dehydrogenaseol|] 2|3} pyruvate
o} NADH”} ¥H&-31 lactateS A/331%, NADH= NAD =
AgkA) o] A vkl BAE ADP % NADHS| A%
S 1:1 AEHIFQA BAIO|EE NADHS %4& #493k= ¢
Y2 Y3t NADHY] §3% 4L 252 8dA
7b A€ FgA7E 28 Shimadzu BJFEAE AHES}
Qo ¥he-ESES 25 mM Tris-acetate (pH 7.5), 1 mM
DTT, 5% glycerol, 3 mM potassium glutamate$} 10 mM
magnesium acetateS X3} RecA THE, ATP 52 7F
HREl=e] TR Zizte] ZA ZASIHTh pHYF Hele
ZANMN = 8] T 25 mME 319tk ATP AAA
(regenerating system)+= 3 mM phosphoenolpyruvate, pyruvate
kinase (10 U/ml), & 3 mM potassium glutamate = 3= 3]
on, AZAA(coupling system)= 2 mM NADH$} lactate
dehydrogenase (10 U/ml)Z X7}=%1t} Nucleotide cofactor
2 dATP7} AFSE 79 dATP AW 2 AZAY F=v
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Fig. 1. Dependence of RecA protein ATPase on the concentration of various salts. Reactions were carried out at pH 7.5 with 5 uM recA
protein, 2 mM ATP, and 10 mM magnesium acetate, 1 mM DTT, 5% glycerol, ATP regenerating system, coupling system and indicated salt

concentrations: KC1 (m), NaCl (4), and NH4Cl (o)

pyruvate kinase (25 U/ml), lactate dehydrogenase (60 Ujml)
2 Z715t0] AHESITk ATP 718) St 189 NADH
o] Zar#go g Z43l%om, NADHS] H#2 NADH?| 380
nmoIAe] FRE AS 1,210 M'em™ & o]&3te] Akt

Za Y o
High salt—activated ATPase

D. radiodurans (Dr) RecA T2 DNA 2]&4 ATPase
438 7HAaL Utk DNA 9&4 ATPase 42 HlwH &
L IR 52 JIAH@AB) ©] A9 RecA ©HELS DNA
o A3 DNA-TlE E3lA7ho] ATPase &S YeRATH
Dr RecA @] 97} DNA o&EA A4S pHYF 715
off whet 2H43kH, pH 6014 7FE =& &S HRlth o7t
o DNA 9|&4 ATP 71588l 54 pHolME & 84S
Holu} pH 8 oldolMeE vud v &48 B Uiy
DNASJEA &7 SAsiAl 71d%th DNA oj&4 4
] Dr RecA ©AL ATP Hut o} dJATPE £ Ao
2 7lEs] 3th3). Dr RecA o] ATPase (32
dATPase) 849 7152 EEZQ] ATPase] 845 #4517|
$3l DNA cofactor’} EAIHA] ke Zdele] 7oA ATP
7R S AAIEIITE DNA H|2JEA ATPase 8442
A%E0.5 M ©3he] KCl ZAAME oz ¥ pHollA
FAIE ket J=2 JeRdick DNAZE A4 314 &8 o
RecA THlzo] o]3k ATP 7[Ese B} =& %5(1.0 M)
o] KCId &3l £ Hlom mxe H(1.2 M o) =4

Table 1. Rate of ATP (or dATP) hydrolysis by RecA protein
without DNA.

Rate of hydrolysis (uM/min)

ATP dATP
E. coli RecA 32 52
D. radiodurans RecA 3.6 9.1

Reaction mixtures contained 25 mM Tris-acetate (pH 7.5), 1 mM DTT,
5% glycerol, 3 mM potassium glutamate, 10 mM magnesium acetate,
ATP regenerating system, coupling system, 2.5 uM RecA, 2 mM ATP
(or dATP), and 1.6 M KCL

M= ATPS} dATP7} £330 2 753 UK Table 1).
o] 279 ATP 7riEs= 71 RecA THEo] Fxo
Hlgste] Z7138l9.0H, 1.6 M KClIolA 2.5 uM2] Dr RecA
Sl o3k ATPY] 7lFEalE= 3.6 uM /min, dJATP2] 715
B3l £5E 9 uM /minE, DNA H|2J&EA] A A % JATP
7} ATPETH O W] 714 E3=5L 1.6 M 95 H7HgeaH
Hell oJgk ATPase &4do] 1,0008] o] €43} =AUk E.
coli RecA &2 <A] DNA ¢]&4 ATPase©|n], DNA7} &
A 31A] & wle] DNA Bl2]EA ATPase 2432 0.001 min™
A2 ZAE 4= 9101 DNA7} ZA161A] &S w) RecA ©
WA ofgk ATP 7hrEal &4d0] 1sxo] dd o3 3=
g B3 FARITKS), B. subtilis RecA ©HAL] B 11 %
T Foll 93 ATPase2] 4840 E43} H#] gbe Aoz
B3 =AcK9). DNAZF EA18HA] %= “dHjollA, DNAo| 2
AR 2 el RecA TS o]fgt FEo] E8E|o]
U o, a1FEe] HS AU =W ATPE 714730
FEo] &Asl=o] DNAC] AF= A &2 Fel9] RecA
Bgolzts DNAC| 235 JE) 9] RecA Tl 722 A

o] ATPE 715838151 43S 71XA Eth Dr RecA ©
o] EAH(intrinsic) ATPase &43°] saltoll 2J3)] &3}
A
s

ol
HF

¢

ES

o

©om, 1.6 M KCl, pH 7.5°14¢] 2.5 uM RecA 2] &-J3}
TE 9712 DNA 9&4 ATPased] E4(kew=7.5 min)<]
0-30% A% FX=HNom sl = A== HriEoR 9
o] F=ol wg} t2r O =& 4 TEolA o Bo] &3ty
Atk F FEY FEF2 =Tt VIR wep e R
Z7V8kA] 2ot S+ FeEl(sigmoid)e] FENS Ho(Fig. 1) ATP
i3l 9rke] Edske flEl A o= Jxe o] EA)
slof Hoke AL ovlsith AE U9 A el 270] of
U & dFEoA RecA THlE o] DNASF A#glo] ATPase
S zh= AL DNAC] AFsle] ATPE Eajjsl= whi o]
T2} DNAC] A3 %2 RecA -] 327} th=w,
E2 GEEoA RecA DAL DNAOY A3SHA] FEsh= 4
Hloj2 2 o) 23k FLEAo](structural transition) EAFo]
= o] g4%do] X9 4 ke AL v|sith

oxl i

[\
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Fig. 2. Dependence of RecA protein ATPase on the concentration of various salts. Reactions were carried out at pH 7.5 with 5 pM recA
protein, 2 mM ATP, and 10 mM magnesium acetate, 1 mM DTT, 5% glycerol, ATP regenerating system, coupling system and indicated salt
concentrations: K-glutamate (o), K-acetate (0), KPO, (2), and Na-acetate (4)

DNA 2]&4 ATPase 4 17} o]&
(monovalent ion)ol| &J3l A== Zlo] #AHM, 0.1-0.5 M
TE] HAdA d9 Fort FUIeHE W Bol oAlE e
k. dAEE s g9 o] el we e F=2 oA
HAck4). olyst o] = % o]9] Feo] w2 &3} J=
£ DNAdl9] Aol viAlE 24 DNAVF EAI51A] ek =
712] DNA H|2]EA ATPase 413 =A3INTE 1.8 M =
o] Qo] At w) 5 uM RecA T 2]3k ATPY] 7155
3= KClo] A 739 8 uM/min, K-acetate®] 73-% 7.1
uM/min, NaCl2] 739 9.0 pM/min8] £E& Yojyton ¢
0] 2%F(NaCl, KCl, K-glutamate )& EI3}5<S we] 7}
FElEEE 27 2] JEROm ATPased] 5% ol 9
3 A3 G g BEEQICHFigs. 1 oand 2).
NH,Clo] A we] 7EReEEE 2 uM/minZ 8 22
Arol A3} BEETFig. 1). Goll 23 FA3 e
2 o] 2A7IoM ME T2 FFe] dE 93 243 d=
7} g2A SRR A9 o] Ml7|(onic strength)ol] 2]

v (uM/min)
n

pH

Fig. 3. Effects of pH on the hydrolysis of ATP by the RecA
protein. Reactions were carried out at pHs with 1.6 M KCl, 2.5 yM
RecA protein, 2 mM ATP, and 10 mM magnesium acetate, 1 mM
DTT, 5% glycerol, ATP regenerating system and coupling system.

A k=t 1.6 M Cl S0
o] EANE uf Yol wE &3} == K > Na'
> NH, 9] 73S Bgom (Fig. 1), 1.6 M9 K %ol Ex)
g o golee o wE sl glutamate > CI >
acetate > PO, 9 AMZ =4 YEPRSTHFig. 2). ol whid

of Ao THH AL FaAL T wa Foo]
Sl e 2 HHQ 482 9 G| WA o] o]

g avk= gol BuHglen(l), @de R, 31 A=
o] Tld ddo] BxHgh o] ofgt JEke] J=r} th= A
£212 Q1 a3} YERYA Hofmeister Aol w2} 433t A
=7 vehdtka ddEch Glutamate ©]-29] 73-¢ ehlE Lz
9] 3x44<l F-(domain)ol| Al HHAR] $-5/38 7|3 wljA]
HEZ B} @ o & EAF ide 3iE 4 gl

&5o) Wk J=F ATPE 7HrEalatd om pHYL 571l wh
2 XA Sxo] F7FEde] e Hwd B e &

Z7421 pH 73} pH 9 AlelollA o) 48 B th(Fig. 3).
o] &7}t DNAC] 233l we] ATP 7+
3 €42 pH 6904 Hul&EE= #alst pH7F S715l w
2} ATPase?] o] ZA3IATK3, 5). ©5 71 DNA 2&4
24L& pH 6014 wl ATP 7kE38l7F dojuhd pHYE 57}
groll We} ATPase®] &/3¢] F7181] pH 73} pH 9 AlolellA]
Hd &4& 714 Hele] pH HHZAS HIITH4).
DNA 2]&4] 843 DNA H]2]EA ATPase2| 84S H|w3}
W ATP 7lEafo] mX= pHO %3S DNA H|QEA
ATPase 42 ©]F715 DNA °|&4 &439] e} FAK
Aoz Yepsth

=
3

>
L

Ho
BHT

ATP sIo| sk
pH 7.5°14 DNA7} EAI3HA] ¢
M9l o] EAlsle A ATPE

Ao, TETE(LS
Rk =g
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Fig. 4. Effects of ATP concentration on the hydrolysis of ATP by the RecA protein. Reaction mixture contained 1.6 M KCIl, 2.5 yM RecA
protein, 25 mM Tris-acetate (pH 7.5), 1 mM DTT, 5% glycerol, 10 mM magnesium acetate, ATP regenerating system, coupling system and

the indicated concentration of ATP.

ATP F=5 2Ej3te] S430s vl 73l Soe AE A
Q1 Michaelis-Menten FE|S w24 k1 e F5(0
9] 712(ATP)IA W& £5(0.2 uM/min)E ATPS 7553

S Wlind 28 FEOS mM ol B4 uhs B5H
B4e mel seRslel S5k AR bR s4 P

(sigmoid)2] S HATHFig. 4). ATP 7IrEs]e] 4271 2
mM o9 FEoMe= o o) FUEHA Y X3S
oItk DNA 2o]&4 ATPase 42 oA ATo|A] EAFo] &
A3} FAK3). ©1F71 DNA &4 E4d2 9715 DNAY
A RS =A U 712 ATP 5% 9&42 BluA
EE(hyperbolic) FEjo|L} €]715 DNA o&4 742 A¥
2191 SA} HeEl(sigmoid)e] FENES HYrh E3EE o Ao
qFete E=5 eI s 7139 FE SosS] ol &

Mo

45}

z25r v=2.9188x - 0.2507
2 -
N 1.5 F
m
=
] -
0.5
-0.5 5/ 0.5 1 1]5

[==]
o

log[RecAl

Fig. 5. Effect of Dr RecA protein concentration on the rate of
(d)ATP hydrolysis. Reaction mixture contained 1.6 M KCIl, 25 mM
Tris-acetate (pH 7.5), 1 mM DTT, 5% glycerol, 10 mM magnesium
acetate, 2 mM ATP, ATP regenerating system, coupling system and
the indicated concentration of Dr RecA protein.

7}k DNA 9&4Y 1) 1.2(20.2) mME ©]57}<F DNA oJ&
A(Sos= 2F 0.6 mM) B} HlwE =4 Yehdc) §os59] e
°F 0.6+0.1 mME 72| thgk XshedelA 2715 DNA €]
&4 BHEYE °o]F7IH DNA &4 4FEE Btk
D. radiodurans®] RecA T 2] DNA &4 42 o7}
2 DNA 9|&4 o] 753l HollA Fasithal A=)
O Y= D, radiodurans®] RecA Tl 2] Al ATPased]
232 o7 DNA &7 Akt s

2Md &(Active species determination)

DNA7} EAIEHA] &= oA, AsEe] 4 2304 Dr
RecA ©MA9] el= YidA(monomeric) Fejet 2 79
RecA ©@do] AjtEo] = A Fel(oligomeric form)
o] 3% AL ATP (JATP)E 7risshs 580 B
o] 9tk DNA 2% 39 RecA @& L nucleoprotein 2
2 E FE| 2 RecA T o] DNA Zo]ZAo] RecA WA
monomer”} end-to-end® polymerization¥|©] A= o] 1o
o] 7} ATP (dATP)E 7I<E3l8l= active species@ =AY
gtk DNAZL EAI8IA] e dejollA, 1sEe] o] EAlst
= ZANA (DHATPE 7IEdlsle HAke] &4 Z(active
species) S #415}7] $15 Dr RecA T 9] =5 Tl
xEe] Poll o8 B43} He (d)ATPase TS A3k

n (RecA monomer) = RecA;--RecA;---RecA,
(ATP7H3] 249

gAY Fetke] ATPE 73k Svllse] ok
3P ATP 72384 2= RecA ©d dafdo] T2 nd
o vlgElsHA Aok HYP2 oz FA| FHo] d F = TA A
A ng& AG3H7] 3] RecA TiAe] Fo} 11 FEol|A9]
(d)ATP hydrolysis &£EE log 7I23l14% U] log RecA
WA Fes dEA 7)FORE plotdle] 1 71272 ng B
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3IAtKFig. 5). Dr RecA TFEol 79 DNA HIYEA
(d)ATPase?] &AL 43 37§9] RecA & monomer’}
A= o] = trimeric forme] A JE)rt 2 E oY=
AL 9uldit) slbe] RecA ©A|e] DNA ZAEH-Fe] =7
= 3709 nucleotideE AFAIEHA FHEZ o]F7} DNAS 7
% 1 helical turne T43k= 4ole] RecA THA FafA|
(oligomer)7} ()ATPE 7}Eallshs Hadole &4 Fo2
2tk AS 9v)gith

)

D. radiodurans RecA TH 22 DNAo]| ZE3 DNA-THH
A B3ATo] ATPase 443 e, 259 vhe o T
ZX= DNAZ} EAISHA] O™ RecA ©ldd] oJgt

i

ATP 715itelle A9 dojubA] gdgkort o]jst ATP 72
AAFE = = 95 ks =¥ 1,0000) 243} =
o™ 1.6 M KCl°o] EA1E W ATP =2 dATPE 7513l
SIATE DNAZF EAI8HA] &5 wf dof| o) S3E = &4
RecA @ o HldEaL, ¥ w2 ds=olr o =2
ATP 715238 &4do] Yelth oleigt 8443 dds vt
FT7Y ol oA E239S W 1.6 M Cl £°]°] &)
o) foleo] Felo w2 &8 J== K" > Na' > NHy'
o] S HYom, 1.6 MY K Yol EAF o Fol9
o] w2 &43l+= glutamate > CI' > acetate > PO, 2] &=
M2 A Jelbth 2% Ee] o] EAlske Zz1¢4] DNA
H]9JEA] ATPased] €42 vlw3d b2 W9 HZ 2720 pH
77 pH 8 AlelollA] At &S B, 7|-el tigt zsle
HIME 9715 DNA &4 E4HEt= o574 DNA ¢
&4 E4FHE Btk 15Ee] o] 7= DNAYE &
ANEHA] %S W RecA THHo| o3t ATP 7I-23iE 91%
RecA Tl o] &4 & el 4 3719 RecA TEjdo] 2

st

o] Qe B ek Ao vept,
ZAte| &

o EEE 20005hdE AgoiAtistn Aizisielyiel
sl ojstol ATE A9,

Tl

rat
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