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Effect of N+beam exposure on the activities of Mn-SoD
and catalase in Deinococcus radiodurans
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Abstract Thml卫h thc radiation．resistant bacteria DeiⅡococcus radiodurans(D

radiodlIran8)have a hi曲rc8istance to the lethal and mutagenic effjcts of many

DNA—damaging ageIlt8，tlle IIlechaIlisms involved in the response of these hacte ri8

to 0xidative 8tress arc poorly under8tood In this repo“．the superoxide dismutase

fsODl and catalasc(CAT)activities produced in bacteria(D．radiodurans ASl．633)

a11d their change causcd by 20 keV N+be枷n exposure were exaIIlined．R￡sults showed

that tlle activities of t}le enzyrnes were increased iⅡthe case of N十beam麟posm个
from 8×1014ions／盯n2 to 6x1015ion8／cm2 In addltion，池e treatmcnt of H202 and

『cHcl3+cH3cH20H】and the measurement of abso’ption 8pectrum曲owed that t11c

incre船e of whole SOD activity resulted from inducIblc activities of Mn—SOD i11(a

8ub一。ype)D Iadioduran8 Asl．633．Theee re8ult8 Buggested th砒tlle8e b∽teria p懈sess
inducible defen8eⅡlecllaⅡisIIls aEainst the deleterious e圩；cts of oxidization．

Keywords N+bearn exposllre，Deinococclls radlodllrans ASl 633，s11pcroxidc dls—

mllta8e，Catalaso

cLc numbers Q813．5．Q814，Q69工．5

1 INTRoDUCTIoN

Bacteria DeiⅡococcus，form盯1y a part of Micrococcus⋯，are the types of a smaU

n啪ber of exceptionaⅡy radiation．resistant，red．pigmented cocci considered to comprise
one of the eight major groups 0f the enbacteria．These bacteria shⅪe王li曲resjstance to

both the lethal and mutaEenic effects of ionizing and ultravi01et(uV)radiation Most

of the studies on the radiation resista“tⅡLechanisms of D．radiodurans mairLly focused

on D．radiodurans R112～⋯． Extensive investigatioIl on radiation—sensitive rnutants has

f01md that the uImsua肛v high radiation resistance of D radiodurans is attributed to their

e伍cient DNA repair system【6，”．Two mechanisms for the repair of daⅡ189ed DNA by

ionizing and UV hght radiation in D radiodurans have been desc“bed：excjsion repalr and

recombiIlation Tepair[8，引 Other protective mechanjsms may“so be inv01ved Since many

eff色cts ofioILizing radiation are oxygen—eIlhanced【1叫，reactive factors，i工lcludi工lg hydrogen

pero】【ide and oxygen free radicals，they play an important r。1e血radiation toxicity
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some reduced m01ecllles，such as supero】【ide radic“s(Oi)，H202 and hydroxyl radicals

(·OH)，are produced during normaI ceⅡular respiration【1 oj，and can“so b8 generated

by iomzing radiation【11～14|．Biologic出danlage caused by them includes o妇dization of

membrane fatty acids(resmting inⅡpid per。xidation)，oxidizatjon of prote血s，and DNA

damage[1川． D radiodurans have developed defense rnechanjsms to prevent and。epair

the oxidative damages Emzymatic defenses，including SOD，CAT and peroxjdase，exert

an important e行bct on the ceⅡ’s defensive repertoire against reactive oxygen species【¨J

It possesses relatively h培h kvels of SOD and CAT activities[16】．However，Antio妇dant

enzyme responses to ion be锄exposure in these bacteria are as yet poorly understood
As we know，study of the interaction between low energy ions and solid material was

st叮ted about thirtv years a譬o．Since then s cience of ion implantation materials has been

quickly developed Hawever，the bi0109ical efFect of low energy 10n exposme was ignored

for a 10ng time because of its very low eneTgy Untn the nliddle of 1980’s，the biologicaJ

e艉ct of ion beam exposure on seeds was observed in om 1aboratory【1“ program for“ce

ofTnutation breedjng by Iow energy ions beaIIl then was performed in工nstitute ofPlasma

Physics，in coⅡaboration with Cllina Institute of mce．Thou曲expl。rmg the mut89enic
e艉ct for”ars，jt has been found that亡his approach c砒l jIlduce虹gher mutatjon ra抬

and wider mutational spectrll工n with上ligher s11rvival rate for crop breediIlg．Smce then

the i。n jmplantation，as a new s伽rce f曲muta“on T has beell研dely used in im掣ovjng

crops i工1 agricultuTe．Up to now，there haVe been more tha肌one hundred groups taking

part in this project in Chinall引 In 1989，。yh Z．L．observed that the ceUular waUs

could be etched by ion beam，and suggested studying the action of 10w energy ion on

ceUs and tried to矗nd its印pUcation in bioengiIleermg．As a result，Gus gene and CAT

gene were successfhUy transfbrred into the intact ceUs and ripe enlbryo of rice etched

by ion beam，and the e印ression of the forei譬n genes were detected m these samples。1¨J．
IIl the II]jddle of 1990’s．Yu Z L．and his coUaborators measured the mass deposition

efrect of slowed—down implamation ions．For ex啦ple，after njtrogen ions of 30 keV were
implanted irlto eH3cOONa，a new cheⅡdcai group cyano—group(一c三N)was detected

out．Furthemore，a number of删no groups(一NH2)were formed when the irradiated
samples were djssol代d in water【2 0|．

In fhct．the action mechanism of ion beam ex口osuTe in some areas is dⅡfbrent from

曲at of亡raditjonal irradiatjon．Fbr example，implan亡ed ions in ceⅡs cause ene。gy ex曲aILg—

i“g，ions sputtering and slowed—down ions depositing． HoweVer，the biological e雎ct of

Low energy ions was omy recogILized for more than ten years．It is obVious that the basic

mechanjsms of exposure e丹bcts have been poorly understood TheTefore，it is necessary

to study the biologica1 efrects induced by low energy ions．In this study，we exarnjned

tlle adaptive response of D radjodurans to N+bea．m exposure，and found that it could

stbmate the iIIcTease of activities of SOD and CAT，and Mn—SOD of D，radiodllrans

ASl 633
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2 MATERIALAS AND METHoDS

2．1 Strains，Hledia，and growth condition

V01．11

D．radiodllrans ASl 633 were obta曲ed from IIlstitute of Microbi0109y，如e Chmese

Academy of sciences They were Fown at 320c with shaki工19(200r／min)in TGY

medium【1引)which consisted of 109 oftryptone，59 ofyeast extracts，and 1．09 of gluc。se

per htre．Exponentially proliferating cllltures were used for all experhent8

2．2 N+i瑚plantat．0n and incubation

N+be唧exposllre was performed i工l the foUowmg way：ceⅡs harvested were sus—
pended in 50 mm01 phosphate buff爸r(pH7 o)containing o 1 rnmol／L Mgs04，and wer。
washed three t面es with phosphate buHbr and re—suspended in the same bu丑叠r 50肛L

suspension(approx 3×108cFu／mL)of bacteria，which had been cllltured in the expo—
nential growth phase f曲about 18 h，were spread on follr 91ass plates(2cm×3cm) Then

the plates were put into Vacuum(10山Pa)target cha肛lber(designed for studying the

suTvival rate of the living ceⅡs)，and implanted by 20 keV N+beam after dry in air(ap—

prox 5Inin)．The Nitrogen ions were produced by the AsIPP’s ion beam bioengineeTing
instrument，and the plllse implantation techIlique was used with pulse time of 5 s and

interval time of 30 s．The beam。f each plllse to the sample was 1014 ions／cm2，and the

s孤lple血chamber of vacuum without ion血1plantation was used as control

Immediately after irnplantation，the sa瑚-ples in the presence or absence of 100 pg／埘山

chloramphenicol were propagated at 32。C with shaking at 200r／min for 18hr

2．3 Preparation of ceU extracts

CeUs h缸vested were washed twice wjth 50mM phosphate bufrer(pH7．0)and趴ls

pended in the same bufrer containinE 150“M／mL chloramphenicol(to prevent added

protein synthesis)． ceu suspensions、Ⅳere then sorlicated(using JY一92II sonicator)at

4。C(30 s pmse on，20 s plllse off)f0T a tot al of 20Ⅱdn on ice The homogenate was

clarmed by centrifugation(6，000 g，40c，30min)，the sediment was discarded and the ceu

extracts s01ution was stored at 4。C fbr use

2．4 Enzyme activity assays

The SOD activity was assaⅣed by the method of Bea肛champ and Fridovlchl2“．In

t上lis method，photoche工IlicaUy—generated supero】[ide radicals react with nitroblue tetra—

zoUll工n fNBTl，whjdl produce insoluble purple_blue formazan S1nce SOD can compete

with NBT in scaven暖ing superoxide radic“s，and inhjbit the colollr fornlation，this re—

action ca皿be used to quantitati、，e SOD activity in a saⅡrple． The reaction rnixture

cont缸ned 56 pmol／L NBT，lo mmol／L methionjne，l 2 pm01／L ribonavin，20 p，mol／L
sodim cyaIljde，o 1Imol／L EDTA，50姗ol／L potassillm phosphate(pH 7．8)in a tot a】
v01me of 5 0加山．The reaction mjxtllre was iⅡumiIlated at 26。C with a 40 W丑uorescent
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lamp：the col01lr formation due to NBT reduction was quantitated by deterrllination of

A560． InKbition of this reaction by SOD in a sa埘【ple was measured by plottmg A56(]

against the quantity of the sample．Under the experiment con diti。ns，1 U of SOD ac—

tivity was de丘ned as the a工I】lourLt causing 50％血hjbition of the rate of NBT reductjon

Cat alase was determjrIed by measurbg the decomposition rate of hydrogen peroxide at

240 nIn【2川 1 U is de丘ned as 1 pm。1 of H202 hydr01yzed／min

2．5 Distinction of SoD isoenzymes types

Di舵rent types SOD iso—enzymes can be讪ibitedby枷brent inhibitors，and CuZe
SOD activity is inllibited in the presence of H202，Mn—SOD activity is imlibited by

cHcl3+cH3cH20H，(1：1．5 V／V)，aILd Fe—sOD by H202 or(cHcl3+cH3cH20H)，so
thev can be identified【2引．In tllis test．the CuZe—SOD，Mn—SOD and F色一SOD were山stin—

E11ished from sOD iso—enzymes by addjng 20 mmol／L H202 and(cHcl3+CH3cH20}I)

contajllin臣0．1Imol／L EDTA and 50Inrnol／L potassium phosphate(pH7 8)in cell ex-
tracts s01ution for reaction 60面nP引，Tespectively

3 RESUI用S

3．1 Efrect of N+beam exposure on the actiVities of SoD and CAT in D

radiodurans ASl．633

The activitv cⅢves of SOD aIId CAT of D．radiodllralls ASl 633 was showed in Fig l

Their activities kept at a relativelv stable 1evel when the N+beam exposure dose was less

than 8×1014ions／cm2．Thev increased graduaUy and reached ma越m砌within the d05e
rangefrom 8×1014ions／cm2to 6×1015ions／cm2(sOD)and 5×1015ions／cm2(cAT)，then
decreased when doses were more Generauy，when dose was 1ess than 7×10¨ions／cm2}

activities ofthe two enzymes were improved by N+bem exposllre as compared with
contro】

附岫h叫_-曲n细，10”ms呷。2 ”bh_--hd_，10”m⋯m 2

Fig．1 Effect of N+bt am exposure on SOD an(1 CAT cLcflVities of D．radlomlraIls AS l 633

compared with ceus that hadn’t been implanted(contr01)，N十beam exposure ln ab-

sence of cllloralllphenjcal induced the activity incre粥e。f SOD and CAT ih exponentjaUy

＼＼椭爨弋＼N{84}叫JT{。塾．．一‘lp玉，三)、量，可．o品
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grcmring D．radioduransASl 633．However，ceⅡs treated in the presence of chlor锄phenj-
cal increase sbghtly these enzyme actiVities with血the dose range from 8×1014 ions／cm2
to 6×1015 ions／锄2． Thjs result mdjcated that de novo protein synthesis was reqllired
for ad印tation of D．radiodllraIIs to o】【idative stress by N+beam．

3．2 B能ct of H202 addition on SoD acthity of Deinococcus radiodurans

After H202 treatment，the change trend of sOD activity(see Fig．2a)was sir血lar to

thatinFig．1．Ⅱowever，when exposIlre dosewaslessthaIl 8×1014ions／cm2，SOD activity
was ir山ibited seriously by H202，that was about one—sixth as maIly as control_h this

exaI血ation，CuZn—SOD aⅡd Fe．SOD 10st their most activities，柚d nhl．SOD kept its
more than 90％activity in the presence of 20Inmol／LH202．In the light of the di如reIlt

responses 0f the di艉rent types of soD is0_e砸ymes to H20譬上‘2“，we could deduced that
N+be啪exposllre induce increase activity of Mn—SOD，and this con矗rmed that increase
activitv of SOD iIl D．radiodllrans reslllted from inducement of N+beam exDosure．

3．3 Effect of(cHcl3+cH3H20Ⅱ)treatment on soD activity of D．radiodu-
ranS

After the ceⅡIllar extracts solution was treated wi也(CHCl3+CH3CH20H)，SOD

activitv was inhjbited substantiallv and its decrease was more serious when exDosure

dose was more than 8×1014 ions／cm2．Residual SOD activity was showed jn Fig．2b．In
tllis study，SOD activity was i1Ihjbited砌y by the treatment of『CHCl3+CH3CH20H]，
and more seriously when expos心e dose was more than 8×1014 ions／cm2 Accordjng
to the principle，wldcll Mn．SOD and Fe．SOD 10st their activities in the order of Mn—

SOD>Fb-SOD，and Cuzn—SOD was a圩ected by(CHCl3+CH3CH20H)littk，diHbrent

types of sOD iso—enzymes ag缸nst【cHcl3+cH3cH20H】were dj船rent【21，2引，we drew a
conclusion that ions beam exDosure could sth砌ate and induced iIlcrease of．MIl—SOD
activitv of D radiodurans AS 1．633．

要"}；～
：}㈣吣4} I、士＼一T；I—。—。—。—。—．—。。。—。．～

Fig．2 EH÷ct of H202(a)and[cHcl3+cⅡ3cH20H](b)on the activities of soD iso-enzymes of

D．radiodurans ASl，633
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3·4 The Vis-UV abso。ption spetrum of SoD treated with H202

The Vis-UV absorptjon spectrm of SOD extract solution treated with 20 rrlmol／L
H202 was showed血F培．3．TMs absorption spectrum conmmed that ions be枷exposure
induced the increase of Mn—SOD activity．The two absorption peaks of Fk，3 were the

characteristic ab80Iption of Mn—SOD in 475r皿vis．1ight and 280nm UV—li曲t【2引 The
reason for this is that the hjgh content of Tyrosine of Mn—S OD led to its maximunl

absDIptjc皿at 280 nm UV，and Mn3+was曲e main reason for￡he ma妇mmn absorptjon
at 475nm Vis【”J

Fig．3 The absorptio“spec打um of SOD treated with H202

4 DISCUSSIoN

sOD，CAT and peroxidase(POD)may play an imp0Ttant part证the defeIlse against

oxidative stress，姐d they were caued protective enzymes Our resIIIts jndicate that

D ra山odurams ASl．633 responds to oxidative stress of ion be枷exposure by i工lducing
increase of protective enzyme ac“vity，especiauy Mn—SOD activity．

Sonle investigations have showed that Mn—SOD plays a more important role m

radjatjon．resistance than Fe—SOD and CuZn—SOD【25·2引 These矗ndjngs w盯e of 1mpor，

tance to unIderstaⅡd rnecha血srr峙involved in the resDoIlse of D．radiodurans ASl 633 to

捌datiVe stress 0fion be锄exposure．It was reported that energy deposition，momentunl
transfer，mass deposition aIld electric charge neutralizati叨and exchaTlge chafacterized

the action of 10w energy ion to organjsms．Therefore，the response of aIltiox主daIlt enzyme
to ion beam exposure has close Tela土ion to the f011r action types lneⅡtioned above、we

concLude that the e珏毛ct of mass deposition and elect ric charge was responsible fbr the

increase of Mn—SOD and CAT activities．
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