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Summary

Poly[d(G-C)] in 55 % ethanol solution shifls from the Z form to the B form with the
temperature rise irom 20 to 50°C. Enthalpy of the B-Z transition, AHpz, has been de-
termincd with a «tie», a polyamine, which stabilized the Z conformation: AHgpz=
=-—14 kcal/mol. This valuec was shown to bc practically independent from the ionic
strength in the range of 5-10—*—2-10—% M NaCl
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CYBCTPATHAA CHNENMHOHUYHOCTDL

U BHOJOTHYECKAH POJIb OBPATHOU THNPA3BI
U3 BHCTPEMAJILHO TEPMO®HUJBHBIX APXEBAKTEPUN *

A. A. Caccapesn, C. A. Kozasxnu

Beeaenne. CyliecTBoBaHHe KHBBIX OPraHH3MOB IIPH BBICOKHX TeMiepary-
pax (rmaotb no 110°C [1]) craBur npobiemy cTaGuin3amii BTOPHUHBIX
H TPeTHUIILIX CTPYKTYp OHOJIOrHUeCKHX MakpoMoJsekyna. OGHapyxenue cre-
UHaJbHOro (hepMeHTa, CO31aNIer0 NOJOXKHTENbHYIO CBEPXCNHPANIH3ALHIO B
JHK,— o6parnoit rupasbl — B ABYX pa3JHUIBIX 3KCTPEMAJbIO TeEPMODUIb-
1eix apxebakrepusax (Sulfolobus acidocaldarius ¢ onTHMyMoM pocTa NpH
75°C [2, 3] u Desulforococcus amylolyticus ¢ ontumyMom pocrta npu 92 °C
[4]), a Takxe obHapykellHe MOJOKHTENLHON cepxcnupanusauuu » JHK,
BRIAenennoil u3 S. acidocaldarius [5], nal0T OCHOBaHHA MNpPENNOJOKHTY,
4TO cO3/1alHe MOJTOXKHTeNbIIOH CBePXCNHPAJH3ALHH ABJAsieTCAd OGLIHM INpHIi-
uunoM crabununsaiui apoitnolt cnupann JHK B sxcTpemanbubix Tepmodu-
gax. [TockoabKy ocloBHasi poJib NPH 3TOM NPHHALIENKHT 06paTuofi rupase,
TO B HacToslilee BpeMs BBI3bIBAeT HIITepec H3yueline CHEUHPUKH K
MexanuaMa JeHCTBHA ¢epMmenTa, a TakkKe ero Mecta B Py APYrHX TO-
NOH30Mepas.

Hannas pabora nocsslllena HccaefoBaHHo cyOcrpartnoil cneundryuno-
c¢TH obpaTthoit rupasel U3 D. amylolyticus.

* Tlpeacrasaena unenoM penkodasersu M. M. ®panx-Kaveneuxnm.
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Marepnann v meroast. ITonyueruslii pance npenapat of6patHoli rHpasu w3 D. anmylo-
fylicus [4] (boctouenmonosnast Gppakuua) NOABCPIJH ajbHeiiliell OUHCTKC HAa remapHir-
cepapose. Jlan storo docdouemonosHyio Gpakuri0 AHAJH30BAJH NPOTHB  GydepHoro
pactsopa (50 mM rtpuc-HCI, pH 7,5, 0,2 M NaCl, 1 MM cnepmuaun, 0,1 MM 1utnorpeuton)
# HAHOCHJH HAa KOJNOHKY C renapge-ceapo3oit o0bemMoM 3 MJ, YPAaBHOBCIUENHYIO 3ITHM Xe
Oydepom. Kononky npombisaje Tpems o6beMaMH cTaproBoro Oydepa H MPOBOAHAH 30
unio 50 Ma awmueciinoro rpajxuenra NaCl: 0,2—1,0 M. Axtusuocte BO ¢pakiusix onpeiens-
am, Kak onucano pasee [4]. Aktusabie ¢hpakuuH oObEARHSANH, IHAJH30BaaH npotus 50 MM
K-dochatioro 6Gydpepa, pH 7,4, HAaHOCHAH HA KOJOIKY € OKCHANATHTOM H KOHI(CHTPHPOBA-
an, smoupyst 0,8 M K-pocharunim Oydeposm, pH 7,5. Ity ¢pakumie 3arem JHAIH30BaNH
apotuB Oydepa, coacpxauwero 50 MM tpuc-HCL, pH 7,5, 0,5 M NaCl, 1 sM cnepumuans,
I MM OMCP, | uM 2-mepxantostanon, 20 %-Hblit rauuepuu. bBeaxosrit cocras dparimit
aHami3upoBaay eKkTpodopesoM B nosuakpuaamuguom rete ([TAAT) B npueyrersan DS-Na
o [4]. Tloaywewisiii upeuapar TONOH30MCPa3bl COJAEPKaJ OJHH OCHOBHOM MNOJHICHTRA ¢
<10JleKyAApHOH Maccoit 135000, ¢ KOTOPBIM H CBS3aHA aKTHBHOCTD.

JHK naasvuast pA03 mo6esuo npepocrtasieda B. . Kowtoeswim, JIHK pUCI9 —
B. WU. Jiamuucawmm, JHK pAT48— M. T. [ManwotuubiM, opnonurcsas JHK dara MI3 —
H. C. Hesuanosuim (HMu-1 monekyasp. renetukn (MMI) AH CCCP). Hrobu noayunrs mno-
JAOKHTCABHO CBEPXCNHPANH3OBaHHBIE NpH Temiueparype >>25°C mpenapats, JHK naasmua
pUCI9 nnn pAT48 uuky6uposaan npu 4 °C ¢ tononsomepasoii 1 13 acuHTHOIl KapUHUOMB
Kpebe M, mobesuo npepocrasaenuoit C. M. Mupxuueim (MMI AH CCCP).

OZHHONKBI TONMOH3OMCP MNOJYYaJH CJAeLYIOLHM ©o6pasoM: MNPOBOAHJH 3JMeKTpodopes
OHK pAO3 B 2 %-Hoit arapose B npucyTcTBsH 0,03 MKT/MJ GDOMHCTOrO 3THAMA B TCuelle
24 1 Dpu HANPSKEHHOCTH 3SJeKTpHUeCKOro mosas 1 B/cMm. 3artem BmIpesaan Ioqaocy, cooT-
BCTCTBYIOHIYIO TONOH30MePYy € (PHKCHPOBAHHLIM 3HauyeHHeM uxcaa sauenaenui, JHK skcrpa-
FRPOBAJIH M3 rejisl cTaHAapTHLIM ofpasom [6].

Koabucsyio savknytyio JHK (ks/IHK) ¢ oaHonHTeBO# NCT/EH KONCTPYHPOBANH 0O
metony Kupkeraaps u Boura [7] Ha ocwose JHK naasmug pUCI9 u pAT48. Tlocaeanss
otanuacres ot plUCI9 wannuneMm AT-nocsenoBaTesabHOCTH Aaunofi 48 nap ocnosanuil, Berpo-
eunoit B Smal-catir pUCI9 [8). HHK pAT48 nuHeapH30BaJH PCCTPHKLHOIHON IHIOHYKJeA-
aoiit Hindll, JHK pUCI9 — ¢cfri0l. 3atem sty JHK cmewuBans u omwuramu. [ercpo-
AYTJIEKCHbIE KOJbL{BBIE MOJIEKYJbl C OJHOHHTEBLIMH Pa3pbiBAMH OTIAEJAAIH NpEeNapaTHBHHIM
snekTpodopesom B 1,5 % -Hoil arapose, a sarem skcrparupoBaau M3 reas. Ouulllenibie re-
yepouyniekcuble Modexyau juraposadan T4-IHK-aurasoit npu 4°C. B pesyastate mosyus-
MHUCh KOJIBIEBHIC 3aMKIYTHC MOJEKYJbl, coaepxallie oauy HHTh oT pUCI9 u 0jHy HuTL OT
pAT48. B Takux MOJEKYJaxX COLEPIKAJCs HCKOMILICMCHTapHbl y4acTok H3 48 ocHOBaHHH.

Peakuun o6patuoit rupassl ¢ k3/IHK npoBoausn B craHaapTHOI PCaKUHOHHON CHCTe-
sc [4]. [IpoayKtul TOMOM3OMEPH3ALNM AHANH3IHPOBAIH MCTOJIOM ABYXMEPHOre sJaexkTpodope-
3a, Kak onucaHo pauee [4].

Pesyabratei. Ilocsc xpomarorpaduu una renapui-ceapose npeitapar
oGpartioit rupaspl Obl JoBedel AO COCTOsIIIHSI, OJH3KOrO K TIOMOTEUHOCTH.
AKTHBHOCTb CBsi3alia ¢ OCHOBHBIM INOJHIENTHAOM C MOJEKYJSPHOH Maccod
135000 (aauible He NpUBEAElb).

Has onpenenenusi cyGeTpaTiiod cneuyudbudHocTH o0paTHO# rHpas3bl MBI
HeenegoBaan Bauside oanonuteso AHK na sdpdextusuocts pabotnl dep-
MeHTa. B CTANLAPTHYIO peakidoHlyl0 CHCTeMY, COAepIKallyio OTPHHATENb-
a0 csepxenupanuzosanuyto JHK pBR322, po6aBasnu pasadylible KOJH-
Jectea omHouutesoit JIHK ¢ara MI3. TIpoaAyKThl TONoH3OMepH3aUUH aila-
JH3HPOBAJM METOJAOM JBYXMepHoro ajnekrpogopesa (puc. 1). Kak Buano,
jsob6apaende oanouuresoit JHK unrubupyer agefictsue o6paTiOi rHpasbl.

Jajee MBI HCCJAeAOBANH BJUSHHC OAIOHUTEBOH MNeT.1H B COCTABe K3
JAHK na paGoty o6paTHO# rupasbl. JKcnepHmenTsl nposoauaun pa JIHK
pUC19, pAT48 u retepoaymiekcioit xk3/IHK ¢ omuonnteBo#i netsed, CKOH-
CTpYHpOBaHLON ifa oclioBe 3THX ABYX miasmuA. Bece JHK 6wvuiy ucxoano
OLHIAKOBO MOJOMKHTEALHO CBepXclHpanu3oBanbl (puc. 2,5 u 3,5,I'). Pe-
ayapbraThl jeiicteus depmenra una st JJHK npusenenwl na puc. 2, A u
3,A, B. 3 puc. 3 BHAIO, UTO B YCJAOBHAX 3KCNepHumenTa obparhasi rupasa
e aeiictsyer sa pUCI9 u pAT48. Opuako B TeX e ycaoBusax depment
cBepxcnupanusyer rerepoayimekcuyio k3IHK ¢ oanonuresoit mnerie#
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Pue. 1. HUurubuposanne meiicteus ob6patHoll rupasbl ognouureroin JAHK. Pazanuune woan-
yecrsa JJHK MI3 106aBasiy B craHaaPTHYIO PCaKUMOHHYIO CHCTeMy, coacp:kauryio JHK
pBR322: moasiproe orhowwenne MI3 u pBR322 papno: 1 (A); 0,1 (B); kontpoas (Ges AHK
M13) (B). Peaxuuio nposoanan npu 90°C, [TpoaysThl TONMOH3OMCPUIAUMH AaHANU3UPOBAIH
MCTOAOM ABYXMCPHOro sJickrpodopesa B | Y-Hoit arapose. Paznesennc B mepsoM HaNpaB-
JCHIH BCJH CBEPXY BHH3, BO BTOPOM — CIIPAaBa 11aneBo B TOM ke Oyidepe, comcpxanlem
2 wmxr/ma xaopoxuna. KommuccrBo c¢epmenta B cMecH 0,05 MKF,  KOJHYCCTBO JHK
pBR322 — 0,3 mxr

Fig. 1. Inhibition of the reverse gyrase aclion by a single-stranded DNA. Various amo-
unts of DNA M73 werce added in the standard reaction mixture containing pBR322. Re-
aclion was carried out at 90°C. Analysis of topoisomerization products was carried out
by two-dimensional clectrophoresis in 1 9% agarose gel. Scparation in the first dimension
was from top to bottom, in the sccond onc — from right to left in the same buffer con-
taining 2 pg/ml chloroquine. The quantity of enzyme in the mixture was 0.05 ng, that
of DNA pBR322 was 0.3 pg. The molar ratios MI13 to pBR322 were: A) 1, 5} 0.1,
B) control (without DNA M13)

Puec, 2. HeficrBue o6paTHOM THPa3H HA NOJOXHTEJbHO CBEPXCHHPAJH30BAHHYIO TCTCPOAYI-
aekcuyio k3[IHK ¢ omHonutcsoii merneit: A — oGpatuyio rupasy (0,1 Mxr) HHKyGupoBasy
¢ 0,5 MKr noaoxurtenbuo cymepcnupasusosasnoi ksJHK ¢ opnounntesoit neraeit B craH-
napruofi peakunosHoft cucreme npu 80°C (cmpaBa BHAHBI OTKpuTast KoabueBast JHK
(Bepxiiee nsTno) ¥ .auueinas JHK (nuxHAg mosoca); ceBa — BETBb MOJOXKHTENBHLIX TO-
NoH30MepoB); 5 — Koutpodb (B orcyrcrBHe ¢epMmcHTa). JIPOAYKTH  TOMOU3OMCPHIANHH
AHAJH3HPOBAJH JBYXMEDPHBIM 3JeKTpodopesoM (cM. puc, 1) B 1,5 %-noit arapose

Fig. 2. Action of reverse gyrase on positively supercoiled heteroduplex closed circular
DNA with a single-stranded loop: A —reverse gyrase (0.1 pg) was incubated with 0.5 pg
of positively supercoiled DNA containing the single-stranded loop in the standard reaction
mixture at 80°C (the visible bands on the right are: open circular DNA (upper spol) and
linear DNA (lower band); on the left — ledders of positive topoisomers); 5 — control
(without the enzyme). Topoisomerization products were analyzed by {wo-dimensional
electrophoresis in 1.5 %, agarose gel (see Fig. 1)

Puc. 3. Huky6uposanne oOpatHoit rH-
pa3Ll ¢ MOJNOMKHTEJIbHO CBCPXCHIPAIHI0-
BanupiMu JHK pUCI9 u pAT48 (no
ManHbIM ABYXMEPHOro ajektpodopesa B
1,5 % -noit arapose, cy. puc. 1): obpar-
nyio rupasy (0,1 mkr) uuky6upoBaay B
CcTaHZapTHBIX yeiaoBHax ¢ 0,2 mxr JHK
pAT48 (A)y;, NHK pUCI9 (0.2 wkr)
(B); KOHTPOJb B OTCYTCTBHE depmMenTa
JOHK pAT48 (0,4 mxr) (B); HHK
pUCI9 (0,35 mxr) (['}. B 3tux ycaoBHAX of6paTtHas rupasa HC JefCTBYCT Ha HCXOAHO YIO-
JAOKHTEJbHO cBepxcnupanyszoBanuyio [HK, wo nefictayer na rerepoagynsekcnyio k3JJHK ¢
OIHOHUTEBOH MeTJieft {cM. pue. 2)

Fig. 3. Incubation of reverse gyrase with positively supercoiled DNA pUC19 and pAT48
(on the data of two-dimensional ¢leetrophoresis in 1.5 9 agarose gel, see Fig. 1): re-
verse gyrase (0.1 pg) was incubated with 0.2 pg DNA pAT48 (A); DNA pUCIY
(0.2 ng) (B); control without the enzyme: DNA pAT48 (0.4 ng) (B); DNA pUCH
(0.35 ug) (/). Under lhese conditions reverse gyrase docs not act on positively super-
coiled DNA, but acts (under the same conditions) on heteroduplex DNA with the single-
siranded loop (see Fig. 2).
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(puc. 2). Cuneposarefbllo, lLasHuHe OJIOIHTEBOrO yYacTKa B COCTaBe
k3AHK aktusupyer pabotry o6patioi rupassi.

OGnapyKeHHOE CBOHCTBO MO3BOJIS€T NPEANOJOXHTh, uTO obpaTtnas
rHpasa ssJasercs Tonousomepasof I THma. 3To Mbl NPOBEPUIH IKCIEPH-

mentansio. Ha puc. 4 nokasano neficteue dbepmenta Ha 0AHHOYHBIE OTPH-
narteapHblit Tononsomep HHK pAO3. Buauo, uro ofpatHas rupasa yse-
JHYHBAET HHCJO 3allelJIeHHH HCXOAHOrO TOTIOH3OMepa Ha YHCJI0, KpaTHoe |
(puc. 4, b). Cnenosarensno, obpartnas rupasa u3 D. amylolyticus, Tax xe
Kak M ofparHas rupasa Hu3
S. acidocaldarius |2, 3], npH-
A UIEXKUT K TONMOH30Mepasam
I tuna.

Oobcyxpenne. OOnapyKcn-
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Puc. 4. Msmenennc uucna sanenacunii g k3JJHK o6patuoit rupasoit. Oawmiounerfi otpHma-
TeJLHO CBePXCNHpatu3osaniblii Tononszovmep pAO3 uekyGuposaau ¢ obpartnoft rHpasoil B
cranfaprublx yeaopusx: A — INHK pAO3 (0,3 mkr), uuky6uposannas ¢ 0,1 Mkr ofparioil
rupasul (YHCAO 3alenaellii MPH NCPeXoJc OT OAHOrO TOMOH30MEPa K APYFOMY H3MCHACTCA
Ha 1); b — oaunounstit Tonouzomep pAO3 (0,2 mxr), nukyGuposainmiii ¢ 0,1 Mxr ofparuoit
rapasbl (o6pariast THpa3za YBEJIHUMBAET YHCJIO 3alCMJeHHil Ha uucao, xpatuoe 1); B — oT-
pHLATEAbIIO CBCPXCIHPAJH30BalIbl OJHIOWIBIH Tononsomep pAO3 B oTCyTCTBHC (epMCHTa.
IMoayuennble TONOH30MEPHl allaH3KPOBAIH JABYXMCPILIM 3JcKrpodopesom (cm. puc. 1) B
2 % -noli arapose

Fig. 4. Change in the linking number of closed circular DNA by reverse gyrase. A nega-
tive unique topoisomer pAQOS3 was incubaled with reverse gvrase under the slandard con-
ditions: A —DNA pAOG3 (0.3 ug) incubated with 0. pg reverse gyrase. This is a cont-
rol demonstrating that the linking number changes by +1; 5 — unique topoisomer pAO3
incubated with 0.1 ug reverse gyrase (reverse gyrase convert this topoisomer to series
of lopoisomers increasing their linking number one by onc); B-— negatively supercoiled
unique lopoisomer pAO3 without the enzyme. Topoisomers produced by reverse gyrase
were examined by two-dimensional electrophoresis in 2 % agarose gel (see Fig. 1)

Puc. 5. Mojean cosjlantist OOpaTHOH THPAa30H 1OJOXKHTENhRON CBCPXCIHPANH3AllHK TOCPCA-
CTBOM BPEMCHHO CO3J14BaeMOro OAIOIHTcBOro paspbiBa. OfpaTuas rupasa cBfA3blBaeTcd ¢
oauolt unTbio JHK M npon3Boaut BpcMeHHEBIH pa3phiB. 3aTeM JHPOHCXOIHT «IPOTacKHBallie»
ycpes 3TOT PaspuiB APYroil IHTH H JHCHPOBAlMe DaspbiBa. ITOT mpouecc oOpaTHasl rupasa
OCYINECCTBASCT TOJNLKO B TOM CJAydae, ¢CJ¥ HCXOZHO B3aMMHOE pacloJOeNHC HUTel Takoe,
Kak ykasano chesa. B Takoil mogesu paspuiBaeMasi H MPOTACKHBAEGMAS UHTH AOJKIL OLITh
OA110IHTCBBIMH

» Fig. 5. A model for positive supercoiling by reverse gyrase. Reverse gyrase binds one
strand of DNA and transiently nicks it. After this the enzyme passess the other sirand
through the break. Sealing the break results in a change in linking fixed at 41. Reverse
gyrase performs this process only in the case if mutual oricntation of DNA strands is
as indicated on the lelt of the Figure

floe laMH cBoieTBO cy6eTpatioll cnenu@uuiiocTH obpaTiioit rHpassl K 0MI0-
nutepoil JIHK, a Takke oanonanpapr/genliocTs Bpalllelidst JHTed ABOITION
cnupanau JHK no3soasior upealnoqso:xuTh onpejedelnisii mexanusm pabo-
Tl 3TOro epmenra. [lo-BuaumMomy, obpaTiiag rHpa3a OCYLUeCTBJASAET ficpe-
loc oauoit muTH Yepe3 cosjlapaeMblil €10 BpeMeliblil pa3puiz B Apyroil
IHTH, IPHUeM R3aHUMilas OpHCHTAUMA lHTell A0J:Kia ObITh CTPOro oupejle-
Jiennofi, orpevalomlell CO371allHIO OANOIO  MOJOYKHTCJABIONO CBePXBHTKA
(puc. 5). OrMerHM, UTO Mexanyusm jeficTsust rupa3 sybakTepuil 1 oGpaTitblX
CHPaz 3KCTPEMaJblio TePMOMHALIBIX apXeOaKTepHIl pasaHuell,

B npenwbiayiue#t pabore Oblio nokasalo, 4to obparuast rupasa 3akpy-
YMBAacT OTPHIATENBLIO cBepxcudpananzonsannywo JHK 1o Bblcokux crerne-
elt nogumnTeabtol cpepxentipaansannu [4]. Buecre ¢ tewm, ccan IAITK
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ACXO/HO TOJOXHTENbHO CBEPXCNHPAJH30BaHA, TO (PEPMEHT B TeX Xe yCJOo-
BHAX He crnocofeH 3aKpyuMBaTh ee J0 OoJiee BHICOKOH CBEepXCHHpPaJbHOH
NJA0THOCTH. [Jisi o6bACHEHHS 3THX pe3yJbTaTOB CJeAYeT MNPEeANOJIOKHTh,
yTO (epMEeHT, CBA3BIBAACL C OJHOHHTEBBIMH YYaCTKaMH B OTPHIATEJNBHO
ceepxcnupannzosannoi JIHK, pa6oraer npoueccHsIo,

B wacrosiulee BpeMs H3BECTHO, 4YTO cNenH(HYHOCTBIO K OJHOHHTEBOH
JHK ofsazaor Toabko syGakTepHadbHble TomousoMepasn ] tuma [9].
Mpl mokasaJgau, uTo TakKoH ke crnenuUUHOCTHIO O0JsiajlaeT obparHas rupasa
H3 3KCcTpeMaiblio TepMobUABHBIX apxebakrepuii. Ilo-BHIAHMOMY, 3TO CBOH-
CTBO HMeeT Ba)XHoe OHOJOTHUECKOe 3HaueHHe, [losiBleHHe ONHOHHTEBBLIX
YY4aCTKOB B OTpHUATeNblI0 cBepxcnupanusoBannoit JHK npuBoAHT K akTH-
BalMH 2ybaKkTepraabHbIX Tonon3oMepas I THna. OTH dbepMeHTH peNaKcHpyoT
BO3NMKIIIee Hampsi>Kellle H TeM CaMBIM CTaOHAH3HPVIOT ABOWHYIO CIHPAJb.
AllaJOrHyHo NPH BBLICOKHX TeMIepaTypax NosiBJeHHe OAHOIHMTEBBIX yuacT-
KoB akTHBHpYeT ofpartiyio rupasy. B stux yenosuax crabunusamusa JHK
OCYHICCTRAAETCST 34 CUET MOJOMNKHTENbHON CBepXCMHpasiuzalHu. TakuMm o6-
pasom, cneuH(PUUIOCThL PACCMATPHUBAEMBIX TONOH30OMEPa3 MOMKeT HCMOJMb-
30BaThes B GakTepusax s nNoNiep:kanus csepxcnupaauzannd JHK na
O'IpeieeIIOM YPOBIE.

AsTopsl Bbipaxalor 6aarogapuocth C. M. Mupkuny u A. B. Boaoroa-
CKOMY 33 KPUTHYeCKHe 3aMeydallis.

SUBSTRATE SPECIFICITY AND BIOLOGICAL ROLE OF REVERSE GYRASE
FROM EXTREME THERMOPHILIC ARCHAEBACTERIA

A. 1. Slesarev, S. A. Knzjavkin
Institule of Molecular Genetics, Academy of Sciences of the USSR, Moscow

Summary

Reverse gyrase has been isolated from new archaebacterium D. amglofythicus. 1t was
found that single-stranded DNA was effective in inhibiting the action of reverse gyrase.
Jsing heteroduplex nielecules formed from a pair of plasmids, one of which contains a
small insertion relative to the other, it is shown that enzyme introduces additional po-
sitive supercoils into positively supercoiled DNA if a short single-stranded loop is pla-
ced in the DNA. These results suggest that reverse gyrase is specific to single-stranded
DNA like cubaclerial topoisomerase 1. Due to such specificity reverse gyrase can support
oplimal level of positive supercoiling in extreme thermophiles and prevents denaturation
of the genomic DNA of these organisms.
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