
THERMAL AND RADIATION EFFECTS 
ON THE PERMEABILITY OF BEET 

ROOT lVIEMBRANES 

Dissertation Submitted to the Jawaharlal Nehru 
University in partial fulfilment for the degree of 

MASTER OF PHILOSOPHY 

. by 

KOLLURU VENKATA ATCHUTA RAMAIAH 

School of Environmental Sciences 
Jawaharlal Nehru University 

New Delhi-11 0057 

1977 



.th• •-rcti •* eabo41e4 I.e thl• · 

cUaae:H&U.Cift bae bMA oamett out ill the Sdlool· 

at 1M110111•tal soteao•• .rallaharlal Jf&n. Vni•- · 

Yeftlitr, flew ~1111. Dte eofk l• od.,.,_l aa4 
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I aa 4eQIF tatoht414 to., wPd"fieQI" w.(••·> A~Uall 
lootoJ"3oe tor be eoutant cat4aftae, •tt.aulatlq ca.tloln cr.d 

enooui8Pb!fat t.bi'OUillCNt the oauae ot this 41eael'tat1cm. 

t ae equa1.J.7 10481;te4 to tbe n.aa, PI'Ofeseoll" 1. Bhatta ,,. 

proW.Bnc ate tbe meeao&l7 tacd.Utlea. 

I q Yert~ adl thaaktul to ·flfl MDI.OW er. Inanl Baq of 

the $clloo1 of hV&JiOftaellte1 soteaoes all4 bt A• SISid. Vaeati ot 

tile SChool ot l.ito Solecea, f'or thei.r •aluahlo IJJBtrdtioatJ ad 

dlacmeot.oae on rq dleael'taUOD. 

% take 1ble oppoltuld. tJ aD4 ap:reee er dlloeJa tbarltta to 

ta7 tl'leJt4a, · Batiada lfbara4¥Q (School of Life Setacee), eo 

pi'Ovf.dri ao the ehl!d.eal !l'lct.n•• aJI4 o-.el' triemte, JC. SM.v Jtumar, 

AIWl luar Attd. Rbalcrt.eha Paea4, c. ltaMkl'l&na u4 D. a. aao, 
eo coopente4 tilth- u iD lDJ~JUable vate atdDS the •• op ot 

tills cU as ertatloe:. 

!haatce aft Gleo· dlle to ••· &aseeh Jt•s4e for hle photQJt'aphio . 

aes1otaDce. 
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· IHB.OUJOfiOI 

,_,.,.._ •« .a.auoa an ••• ot tbe 

&oortaat ~al taotoa that atteot the ftaott.Oid.aa 

ot U9lltB ..,.,.._. toes.,, •• ot tllea•laoton bF 

&t•elt hu beeat a full tl_.... bftlldl &e biolosr Yla., 

fhtJfttObloloer eat la4f.«MoJ.oer. 

the lat ... l oellulaa- a1'1r01111ct u oonatant!7 

aCKUtt.ect ad iatlu.aoe4 'b,. eztemal ••~· Bdeftlal 

phJ'eloal tonea Uke t•p•atu.-., n4l&UODt 11Ld, balcUtF 

aa4 , ........ ••• Nplate ihe ate ot oeU\llu a--.otloa 

aDd .tet...S• U' thtr p..OM4 t~o .. ur •• o,u..ur. 

to u4~ tbe the,...l at.-eee OJ' i'aUatloa effect 

or tor that ..tt• 881' pal'&latter atteott.IJI tile twlctloni.DC 

ot oell aeabftUI, the peat biatoiJ 8114 the pl"Geent atatu ot 

tbe Yadooe ~·· ot oeU ••bh&e ott plalai. aealtftl'le aDd 

tha• paott.es .. ..,.,_eate uea a bl'let cUttCQ.aalon. tbe cell 

•unae •• .,..,. errnaap« b7 W&llaeh ( trra) •• •aa aaa•blF 

ot ... ._. ••--· 'lntt apeolftcallr aa4 aeo.UeaUJ" n•­

latea tucotlollll _.,... .......,... at the o.U pelf.Jh•17 eafb 

eacoapeeelrw 4eftu4 NCeptos aact plaJI.., M.o108lca1 rol• 

tu aozoe iatdcat• tbaa tbei• .. u m4ie4 pa..Uclpatt.OB sa 

peneabl.lltJ' .a tftUpo.t•. '1hua plana ....,ftDe hu beea 

'f'iew.a n a J.t..,_ ea4 4JDatdo entit7 ar.rCIG111UJW the oeu. 
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Jad4e fhe o.U alllo tiler• ue ndeu ••fttl• 
qatua lla tbrl.ekoi4 •••--- ot eJ.oroplute, Ill to­

cboa4aa1 orietae .Uopla•o HtSeolu atld. aleo ...,..,.. 

an fOtaD4 cavedal call oawaa-llea ia tbe _._,.uo eelS.. 

Bl .. e ...,sua pi'O'Vl4e at.t .. tO'I pbotoeratheld.a, electi'Oa 

tl'aMpoa-t, pzotdo-WDtbeltla ar14 PJIO'rl4a ftSlOU fft OI'P­

Id.e&U.Oil ot _.., trGM4uoU.oa •••aat.- •• u photo­

NOeptoa. hll4• ttl• abcwe faaoUou, '"- .-..... ue 

toud to be hlsblr aeletttlft eat nsalate *• tlua ot 

't'al'iou.a ucaat.o ea4 lno--'c 111bataacu 11011 iut.4a to 

ntd4e the o.U aat Yloe-Yena. *•• oeU aeabftHe plaJ' 

• ••17 omolal nb ia tile acU•• at ~&eol•• t .... pol't ot 

abetuou ot •• oe11 • 

. aaeeatuu,, the plua ...., ••• OOMt.eta ot '"'-'•• 

Upltt. e4 ..U aout ot c&lbdlFdl'at... lsQJ ao4e1a have 

ap.-,ftCl to ezplda \he ataoture (Jtoa 19t2t Slager aa4 

llcoltaOa t972t CQa14i t9141 Oltle~ 1912) U4 ollfdd.eatsoa 

ot aeabnoe aa4 lta ooapoatmta ( D&Yaoll ODt· I'UlelU tt521 

aobenaoa t964t hucm 19661 J.eoaa.M ad .__. t9Ma 

Halhota t9?0J a&age u4 Blcoleoa tt?a). 8Gt Ollt ot all tbOJte 

ao4ele, the ~· ....... a04e1 propoafMt "' .... •4 aooleoa 

haa bee a •••1, aeo_,.e4 beoauae l t Ia tCW'J4 ooUI.atent 11Ltll 

tl• Hat!'J.ott.oea qpo.e4 - itle~ca eD4 &• aleo 

-.ppon.a bJ..,. apeda.tal mctao• aD! p!lJsl.oal tecbalq;s• 



(Blcoieoa .tl..ll 19'711 l'l',Ve and Bcttdia t9'701 Porte• 

.I! .11 1910J ~ 19'lh Jtelchoir ..d. a ,,.,. 
fte flui4 ••ate aodel ts aualogoas to a two­

dlmoasl.oaal ortentetl eoltlt1on ot integrated. proteba ( Ol" 

llpo-pnteina) sn the vtacoua phoephoU.p14 bilq.-

aolveat. the late;ral p7ote1ne are a oet ot heterogen011e 

alobul.ar mole=lee azul tbe;v are upbipath&o. Proteins are 

eabe4de4 ptll'f:ialll' 1a the bulk of the J*oaphollp14 matrla 

. vhtcll te a Unonttooua tlutd blla7er (llcoi.aon ana Slnser 
1912). 'fhe copoa.aia ot tho biological eeabnnn are 

UJ"U&tacal~ ctf.strtbuted between tbe ~~eabrme slll'f'aooe 

and the &81Jilll'IGtJ7 I.e MiDtalned 'boceaae ot lack ot tl'all8• 

aeabrane 4lttaad.Ota ( Botbaaa and LeODar4 . 19?7). 

A epl.a label etudy ot h1olo81oal membranes for 

apectlto U.pttta t.e bel.rag cu.rie4 0\lt ( Slua-teht Obld.ebl. 19?6) 

tor tbe studr of tAM.Yldual StOles. Bloloef.cal 118112branee 

contatn 11ADJ kinde ot llptd,,. In tlloaphoU.tJ&4e there are a 

va11.et1 of claasea cUtter.tna :ln tho polal' hed groupe end. 

tattl' aoitl ooaJOil U oa. Bach phoa~oltpl4 appeam to bave 

lta on role :&a 1>1ologica1 m•brA1Mn• iJ.'be aplo labti 4.eteota 

coatormattonal chaDf:• through cbaftge te th• local nvtrou­

ment ot the 1ab•Ue4 eite. ca" bimtt.OB llp.i.4 aol•o•lea 

have been 1nvestlcate4 through tbla aeth04. 



laola'-4 ....., .... ue IOGil4 to haYe •tke41F 

cUftennt piOp.nlt• ooapancl to the tataot ..-.... 

iutb• It ic a ohallnp to the blopbpiotat to 

eearoh tor thOle tJOOedutt• that wlll d.eaolibe th• t.ati­

.&te ••Ohoi•• •Mo&•t• tlltb aea'f)au faott.~. It 1e 

UkelJ' aoh paoaan• •••• -. uolu4e aetboaa· *'* 
atteot the ataotal'• f.a a ti'UIIlt•" •••t.'itle ...... , ... 

ok4t.aa t•Pft•tan• , • .._ ... , e:&eotao, asceuo ttaw., 
' 

all4 a4lt.Uoa etleota OOQPW 1d.th tho .. tee!ud«<• that 

..... cleteot '~··· ill tb• raea• ot alac»eooa4...S.lli• 

atcOada ( Oltl• t912). 

Ia the , ..... , andJ", the etteot ot ,_,.,.._ ... (! 

lft&cllatioa a4 the .tteot ot aoae aetal.Ue oaUou lite 

oalotuar. lea4, alae eD4 •peatua haY• beta t•te4 to ... •• 

peneabllltJ'..,... ao4 the p.oteoti•• aott.oa otteJ'M _, 

the·abOYe aeatlODe4 MtalU.o caUou on the b"t HOt. tt.a~~U, 

.IdA D&!!!ll &t tb• t.DYoln .. at ot 'be.t not •••-

ta the tt.••••• ._poue to t-.pe•tu•• fluctaaUcm baa b_. 

Hcosr.d.aet b7 ewual nl'ken quite eoae ttae ago ( st.eael 

t969; J'oelleYa4 top~er aad CUaJra t9?6). 

!be 11atat.• OOIIYezd..eftt to Mad.le. the ·pf.&~~e&t 

1tetacpld.~r••t ta ncilolu ot the cella. It le releaa.S 

oat Wha the coli mobnaa •• ... __.... so bJ' Qectl'Opb.otc­

aetac aaa~ ot •• elote4 betae,ald.a tiGII tiae tlHIIe 
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aD4 b_.e the utetJ'itJ' ot the aeablftll• eaa •• ...... 

do.ect. ••aae ptope»UM •• qol te .-ltt•• to eari.-

1'0-atal tanu-... o-.au.~ .... lt.aa cell• ou 

bu.tf'er ettect:lmv eplcat the ..m.ro .. tal nuotuau.ou 

br elaboate ftStllatolf' a.n.e• but tile aedlad- .aq aot 

be tb• eaae ta lower o.-ptd.- aa4 plaat•• 

Ia .-., SOJtettau tli• t•P•••• ·fll pleat• 01' 

••• ot tlleil' oqau 11111 lte aon thaa tbdl' at.oaphelto 

tapentun bewuee ..... •laate ..., not le lD • poai.Uoa 

to tHUte• a.U tb• eac•• ot hat to tllottr ..UOU.•t• 

SolloUaea fhe aee t4 tosp•l'atu.re ill til• pkot oospaiM to 

& ts awmrdD~S _,. be •• bltb •• t t ... ta-c ( tl'olik 81'.14 

de Vl'l•• tBJt). 16•• b the ou• of tlQbr orp~~~ ot 

IADedt o4sptp a4 ihu.a t_,.ntun _,. .-.4 to 45 • ,,_c 
IAJWG tlbieb t• uoa11u e.ooepted •• • aoz.l tap•J:aton Uai t 

for aoat plaata. co ~ CU.e at ••• t•PQI:tuNII (hbe 

t9J5J IGil•obal t93Sb)• ··BUbel' (t952) ftCONtid that tJUlte ot 

41\111• p1ae t ... C&llbiuia cut !JUti& ••Gb io aun to •• 

ht&tutet ·~ ot so•c, ,,.c u4 GO•C napeotlYel7• 

fAaa!es&ldh ( 1949) aotecl that eoll BPOMI to iMOlatioa 

ne.ohet to ••--•~ ae Mp •• 55 .. ts-c. !heN an 

Ml!l7 report• t.hat o..U..fllt.' cU.e at the ecdl te.el (Iaker t9a9J 

laab 191' ad ~o t96t) b.oaua• of th• ,_tal t-.oatane 

aoorie4 at the efd.1 lu•l• so, lt _. ot l.nteftllt to ta't"•U-

,., 
a 



pte •• obems• a ..... peJIIH&bilitJ" 1d.tb , • .,.... 

ia t•peattan ..a& elao to ... oala&ua ioDa ftl*lflBI the 

...... C~Ue4 fae to tho ,..,......._ teap ... tuwe. llldld 

upedtleDte bYe 'b•a al80 oaftl1le4 cat 14th .,._. il'J" .... 

ttcm ot the Uaae eltbel' dqJ.7 OJ' lD ~ctloo td.tb 

thenal apo•••• tbt.e tne ot tua aectld•• &fiPUf:.,.• 

tn coaatc pJaat 81'0111111 GD4 t.a· hi alae pJ.aat., Ull4u ooa& Uoaa 

ot blab iwadiattoa 1wele (GJ~Ctziae)d.i t9t6). 

1ft OOl1ftoUq aota 8tWIS.ea, it Wlll ba po•lble to 

udentact the poal'l• Qftaalc aJ.t..-uou ia tu aoa.l Mo­

obedoal reacUou 4ae to the lDOnae..S •••••tun or woa 

Jl'Ddlatl.oa lwm eDA tbe tatlaate •dludau at1Boal.&te4 with 

the· amnme '-"otsou. sac eta.uea.., ~o '• uaetal &a 
-, 

UD4entea4lzrs the aatu•• ot _.rau coap_.te 8114 tbtlr 

pokiq ••aac•Mftt• wtd.Ob •-•JIIbe the !\l•ttt.11d.os of 

..-.bnaea. IOftCIIPel', tctenat oa al• be to-=a•el on· the 

etald.Ual&« ad 4eatabi1lef.IV »ftlP•U .. of ... ...,.... 

6 



OBA,fll•ll 



CoaeNlal.ll aYat.lable •ea beet .oota (Jdl. 

Dkar&• h) WIO JGNa&aect ,,.. the looal ..... , M4 

atond f.a •• fth.l.sento•• C,llacteH ot titJRe wft 

taka •• hoa I'OOt• 'br uet~t~ atatDl•• at•l ooH bwe-r. 

fian• wa at lato allo.o ot 2 • tJd.olaleM aDt1 o.T oaa 

t.• dl ... t• bJ' tldltl a tlaue alice wttel' llhloh baa bea 

4ts11094 an4 tabnoa.te4 ill •• Ceatnl Vo.._eop, latraharlal 

lfehn ValYenl.tr• 

Aft• et~ttba tbe •t.an• &11to eUoee, tbe latter .. ,. 

.eect UD&er the I'QDid.ac tap •••• tor a'boo.t da t:o te 

•••• eo that the Jl811tmt bataopala that 1eau4 nt ,,_ the 

tl••• l.a tbe pi'OO- or 01tuaa &lito eUOtl abould \te thoJ~G­

~ aehe4 ••• .Aftenane, •• elt.oea •• .a.a tdoe 

01' thl'loe dth 4oub1e 4htt11o4 •tel' an4 ftMl~ dth Ma , 

(c4stt•o,-taM~etQ1 ..s.aoaethan• • (W.Ok) _._ BCl 

batter at.atat.atar • ooaoeatau.oa ot tGal d J8 ti.e. 

Later. ••• U.••• .U.c• we• t .. teft"e4 to aeate4 

butter (tO da II s.e) anct Jiept at a - to•c cwenf.Cbt. lot 

•ol'ld.DS (i.e. eft• t2 • t4 boan) eUo• .,.. bftlllbt to the 

noa t..,eatv.ft _,atalld.fll t..low 27•c. 'tO al.lc• hltblas 
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pt.Uaar ot tt.••• al.lc• one ••• the otber .. aYol4el • 

. to al ot Tl'le bufter •• put it1 -.ch 50 a1 coeleal tlaak 

coataiD1aa 10 ellcu. 

Row the eliot• Sa th• oord.oal fla8b wre sbleote4 

to .a .tape~atow et•e• of 25•c,' zt•c, ~o. 4,.C, 5seo aaa 
60•c ta the t_,.rature oontallc ebak•l' •tez-bath vi tb 

aa aeoura07 of ..t 1•c. Aftel" trotias the Uene at •aaov.e -
. teapenturu .(25" • fO•C), tbe ettlaa ot b.taOJAftiB •• 

a•aouft4 for 2 • ' hOO.ft tOft .Ve'q 30 idaut• lfttewa1 at m . I . 

1lll b7 uelaa tho ·•Peotroalc>-20. '!b• elt llbloh wu kept at 45•0 

baa beeft t~au•f~ attH so. 60, 901 . t20 a.4 150 altmt• ot 

latenal to.tt tqe:ratul'ft, 25 .;tate, IJ&latalne4 bJ ualq cold 

water 'bath. 

Chesd.eale uaett Sa tho ezpe'lla-.ta •• CaC12.2B2oa 
, IICJ.2 .412oa nao,t Plt(J_~2 aaa zaso4.112o (UJ. ai'G ot 1111 

anaJ.ar qua.Utr). .-atAea the ••• cheldoeJe, td.a wfter 

(Jlenk) and fdc.tae })utf"_., (Slcma -Oh-.ioal.fl) have been u.S. 

stteot of calet• tou h••• been t•t.4 .,,. udaa 
aoluUoaa or cae12.m2o ot 'l'aricma coaOtDt..Uou n••• 200 dt 
tOO alt 50 dt 2S al al\4 t2.S al. 

8 



Bttect ot ZiM SA !I!Bll•a&BII. 

lfteet of .t.d.nc and •sceetua tou on the efflux 

ot betaoJ'lUd.a tr• beet l'oote have alao ben teeted b7 ttslng 

val'1 oua( so. tOO f.Ul4 200 d) tonto streaatha of those r._ 

pecttve esalt eol.,.ttoae, ZnS04.1B20 and NBC12•412o. 

Lead tou he.Ye •••a teate4 to ••• whether lead b.tlll' 

an ataoaJbeao pollutant CMl cause ~ daaasG to mebraaea. In 

or4er to ake Pb(ll'0,)2 eolutlcm of Yariov.u ocmoentrationo, 

vari.oua buftaa have been tl'1e4 bttt tonatton ot precitttate 

wtJS.le a4ju.attr~~ the Ji1(6.8) becue a pl"'bl•· bioino (Pros 

Slama Cheaicala) butter wae tteed atter d.DJ' trials beoauee 

recentl7 wonc an4 Gwt1'143e• ( 1916) trted, lead tons oa photo­

avatea I in taolatH ahloroplaete. ftere tllet have \teed the 

fl'ictne-Ba<lf buttcal'. fdtol:u 20 all a!Jd 50 all solutloae nn 

made la 1tllch to all Pb( 10,)2 ealt ""• 4taaolve4 tm4 the pi hact 

beea a43v.atect by usiJlB <Ver, cU.1ute laCS to G.a. low fi'OID the 

above stock aoluttona, S al aid 2.5 d Pb(!0,)2 aolutione were 

made. 

10 tteaue alto•• nre ~Qt le eaob ccmt.oal tlaek of 

50 al capact t,- ath to a1 ot Tztle-BCl butter. In t•• eets, !d.a 

'bu.ftel' contlird.fll GUOiWtt ( 100 •> waa ueed a!l4 thetl subJectecl 

to aamma-tr~1atl0ft. 

9 



10 

~5ooci . 
fhe eoun• ot r ·lrratUatf.oa ft8 4000 co60J <2Ja.:t1"1'1Yit.\. c/1\~b~ 

auppU.e4 b;y the lhabha AtOIIio aeaeaRh Centre, 'bOIIb&J', 

Bnba,-. !be «oa• rate of the paa lwauauoa plant 

waa detel'ld.Ded by uetq ftolclce-Perrou SUlphate 4oe1Metr.r 

( t961). rate do• rate wu ,.259 r:. ratte/dtllte (Pis. U). 

Ia tho f.ld. tSal atagea, 11'Tadtatiorre tor 2, ;, 10, 

,. 60, 90 and t20 elrna.tee ha•e bean trie4 bQt was found. 

to be tudequate tor the leaching cut of betaopnf.a from tho 

tiemfh fto tletsuea ••re tben aub.1•cte4 tor t50 at.mtea e1!14 

180 ld.nutea to lrt'a.Uatton. Aftor lZ"ndlaUon the teape­

ratUI'e of the solution ta the cmd.cal flaaka was aote4 .and 

were mbJecte4 to a tapero.tun ot Y1 ..t t•c for t20 mtautea • 

.61lother eet otter tna41at1on •• kept at o teaporature of 

29 ~ 2•0 ( l"'Oa teapenture). 

la uother eapal'laent. tu alice• were dftect ustns 

a tissue ;ape an4 tbeD theee wen 1ra4late4 without buffer. 

Afte• 1rradiat1oa 10 •1 ot butter vaa a44ad lD each SO al of 

ooatoal flask oo1Ullet1aa ot tO 41'iM ina4J.ate4 alf..cea. Again 

one aot waa ltef' at 29 .t a•c a.D4 another eet at 11 .! t•C fof! 

t20 alnutee. the above two espel'icate have been repeated 

bJ' uaiq CaCla•2l12o (tOO d). 
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Du!Lrc iwadiation, tben •• l'be &a t._,.n.tun. 

so oae. aet-.. bled b7 patt1.111 contoal n.-. oontat.aac 

the tl.~u• alt.eea &o • .jUt coatalr4q oftaltta4 t.o• aDd. tile 

t.ft'&4Sat.a. After tJ».- ilftUatloa •• w••• OM aet 11M . 

ttept at tzoc .t t•c eDt aaothtt• •et at ,.c to~ two houre aatt 

then \be. e~lu 0!1 betae,.ald.a •• aetUJUred. 
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81SUJIIS 

ae beet I'Oot U••• QUD4en wen ou.t iato 

.Uoea aat put UDto• ftDMDC tap •••• htaoraJd,D, •• 

•t& pi.~Hat ot tb• ttaae, leaked 011t tor ebOtlt 4 • 5 hoan. 

so, lletol'ft tna.etei'JilN itle tl••• .uo• tato hft'er lbat­

eYeJ' tletacwru&a that hae beea ftleaae4 ltoa ••· tleae «a• 
to the ••moal etnaa - thoJIOUChlr ••.t at. 

· holt taMe t en4 ftl\lft t, it ia •* that at as•c, 
cle&I'J.r •••• _. ao ettlaa ot betaorata fiOJI tlte •••• 

ellen. iat •• the tlaaue elt.o• ••• boea kept at 21•0 

tor abOGtt 90 ldmt• th••• •• ._. 1eatcase fll beta.,..S.a, but 
. . . . aa4 ,.c. 

that waa •fir# U.ttle. Jto:r U•u• eU.o• kept at »eql tbe 

ettlua .. •oa•at• .. ,. •• 2 boan. aat .... ~ea .. ot 

betaCJ'IUdll •• !Jl&hel' at teap.ata.._ 4100t SS•t acl GO•C· . 

·ae betaOJUiD 1eeb4 traa the U.•• tl!bea it - n1».teote4 to 

a tapenu:n, 4910 tor tao albltu '111ft tae· o.J. - o. t6. 

13 

IIIia waa SP leeee tho •• 041.,. tbt •• Obaewoa eea the 

U••• - bM at 6010 tor so llirmt• oa1r C•·•·• o.M o.D.) 

••· · t). Bttlu ql betaop.Df.a h&e bw11 ~ lDto o0'481.4eaUoa 

••oau•.it bapPGiJi9 to •• • tdrJ.y blc aolecale dd Ita NJ.••• 
. . 

l.ato the in11'HUll41.1W qe'tea 4oea deftid. tell' a..,. tbe Mle&8e 

ot ot:h•• •ol'Oil~ .. U'- pi'Oteta aaa oal!t)ch~at• fft11 

laat.4e the oell tato lta nwOGDlt&aa•• 
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s.ao. ,.,.,.. .... 
;l). tao 

t. 25oc 0 0 0 0 0 0 

2. 2'fOQ 0 0 o.oos o.oo, .. -
'· so•c o.oar o.ot3 o.o20 o.oa ... -
•• noc o.ota o.ou o.o. o.OJS - -
'· 4S•c o.oso o.044 o.too o.167 o.~· o.~ 
e. 55•C o.oat O.,.., Oe420 .. - ·• 

'· ~e o.MO 0.470 0 .soo . - - • 

Bftluz 411 betaqaDlD et t•peratua.-e• 25•~ 'Z'I• 1 SO•, ,.,o, 
450, 55• " · aD4 60~. !he O.D. uaa meuuZ'04 to'r fNOQ , Ill. mat• 

lntenal at "5 -. !he f!Maf.nae were the auu 4eterdeat1ou 

ot 4 Yaluea ( ,.._.,. t). 
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Q5 

ss•c: 

t 0.4 

·I 
"' 1:1 
~ 
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~ 
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I ,..02 
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-I 
~ 
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~ 
Ill 
~ 

OJ .. 
3 
~ 

TIME IN MINUTES -

FigUre 1. Btflux of betaoyanin for eYe1'7 ;o 
mioutea lntene.l at Yar.loua tempe­
ratures. 
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After treatlll8 the tiaeue at a t•perature ot 

45oc tor 30, 601 go, t20 8124 tSO lltnutee, the slices 

have beeza tl"llllafenotl to a tOIIPCtl'&ture of 25 .i 280 • lh• 

etnu of betac,atd.D. vas aore or lese COMta.nt when the 

tissue vae kept n' 45oc to.,. 30, 60 tmd. 90 mimtea 1M thea 

tftdletened after each interval to 25 .t a•c. But the 

efflux e-.szotect f.ncreasf.na am the tJ.asue vu taCllbate4 et 

4500 tor '20 rdmltee oct 150 ralftutee (fable 2) al14 tftDB­

ff)rred to 25 .:t a•c (fta. 2). 

to eee the etteot ot ca••, the experimental t.ieaue 

16 

allcaa were plaoecl in calct\111 ohlozt.4e •olut&on ot va$q 

col'lCeatratt ona • 12.5, 25, 50, tOO &1'14 200 df, ara4 these we• 
atlb.ject..t to a t•perature ot 45oc. It •• ohaenect (fable ') 

that. there •• a NducUOll ot betaC)'aDla ottlu trt.Jll the. ttesuee 

. tlbta cao12 vu PNeent 111 the 1noubat1ag aeUoa. Solntlcme of 

50 Ill U4 tOO Ill protecto4 the tf.eBUe troa theaal dama,e aore 

thaa el the:r 200 d or t2. 5 ad 25 aM •lutlODS (fts• '). 

When tlsnea were heated 11'1 pftsence or ctno oulstsate 

am\ mapeeium etblol'l4e solutf. one, 1 t was tm&nd tllat 111. th eiftO &one 

(table ,), the tttnu bas been il'lUblted mortt thaa that 1d.tb ma­

nutum tone. Mo~eover, wlth lncreaae ln tbe concentration (upto 200 

ml) trt.e4) ot magnesium i.ou the proteotloa •a more whezteao vltb 

a.ao tona it waa 11ot the .... 50 Ill znso4 aolutlon was toud to 

be more etrectt.-o 1n tnhtblti.Dg tbe ett1u ot betao78n1n(rt.s. 4). 



ft•wo ellcoa nre bpt at 4,.0 to• 'J) almteat 

60 d1211tea, 90 tif.flUtea, t20 m!mt.el ana tSO lllllltoa. 

ftleu ·tbe7 han beJB t~tautoftfJd to 25 .z 200 aatt ktpt. 

tb.~Jt.to tor 120 tillmt3a.. !he l"odl~ wen .tatea to• ••17 

!10 atnto• tn.t.e:tftl.. ~ e Ma4tnp •••• th• · IIMft 4et...S.­

!»ltt.oa ot ·4 YaJ.\tat (llpr• 2). 

o.o. 
f ' 

o.o, (After 30 .a.) AA 

0.046 (After 60 eta.) 1i 

o.too OUt•• go ata.) cc 

o.t60 (Att• t20 •••·) fj) 

~·500 (-t•• tSO eta.) 8-.. 

O.D;., . , 
tepeatue 25 .t ~c. 

(fta•lcllllllt.a) 

I • I so I 90 I 
0.030 O.OJt O.OJt 

0.048 o.o.e o.osa 
o.too o.toa o.too 
o.teo o.tto .o.t90 

· o.Ms 0.400 0.4JO 

t20 
it o.o,, 

0.092 

o.tos 
0.190 

0.410 
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0.50 

0.45 

•. 0.40 

f 0.35 

~ o . ... ... ... 

'"' & 0.20 

E 

~----_.------+------40 

~ o.l~---.---~...----.---..... c 
)( 

3 
~ o.o._ __ ___,.__ __ _.~-"----+----ee 

.---~...----4---_.---1A 

o~--~~--~-~~~--~~=----~~---
TIME IN MINUTES - (TEMPERATURE 25t 2°C ) 

Ussues kept at 45oc for ditterent 
time periods (A- after 30 minutes. 
B- after 60 minutes, C- after 90 
minutes, D- after 120 minutes, an4 
:s- after 150 minutes.) and thea 
transter to 25 .:t 2•c to obsei'Ye the 
~tftlu::c ot betaewanta at tifte:reat 
intervals of time• 
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!'able ' 

s.Bo. Naae of tho · OD at various ooncent:ratlone (in d) 
salt &olutloD 

t2.5 las I so I tOO I 200 

'· Cac12.2120 o.o;, 0.01, 0.040 0.045 o.o6' 
(ftc. ') 

a. W&Cl2.~o - - 0.3?5 O•J40. 0.,25 
(ftg. 4) 

'· Zaso4 .?B20 - 0;.025 O;.O, o.oso 
(ncr~ 4) 

·. of 4500 tor terf alnutes alcms wltb the 'f'ad.oua salt aolutf.ona 

to ftlld the etteot ot aetalU.c lona Ca ++• Zn ++ aDd, Rg++ en the 

ettluz ot betac.vanin at that taperatutte. '!be .readings were 

the mean det&ftd.aatl.on ot 4 valuea (n.sure• ' uri 4). 



i 0.40 

0.35 

E c 

"' ,., 
"'0.30 

~ 
1: 
~ 
l!! 0.25 

g 
i= 
Q. 
0 0.20 

..... 
z z e o.•s 

~ 
It! 
... 0.10 
0 

~ 
Ill 005 ..., 

0 

TEMPERATURE 45°C 

TIME 180 MINUTES 

25 50 100 I!K) 

CONC!NTRATION OF coo2 • 2~0 IN mM -

Ettect ot eac12.11 0 on the efflux of 
betao,vanlu t~om t~sMle slices kept 
at 45~C tor 180 minutes. 
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The s.nonBStns presence of rt;.* aa a pollutant 

tn t.he envlroneeat is ot conet.clorable conoe~S, and •ttect 

ot lead tone .u t.Wto ot lntenet fO'I a coapanttve tnveatl• 

se.U.n with othe:r oatiorut. It vaa obsol't'ed that 1•a4. lone 

oonet.der•bl¥ redaoed the eftlu ot c•to.c7allln vhea the tissue 

alloea have beGD incubnt•d •t 4500 tor 180 alautea tn tbe 

preeeue of i'b .. (~b1e 4 d4 Fts. S). lo tact, tbe lllbl~ 

bitloD 1lf88 aozri• pJ"ODOQ1'1Cecl then that obeet'V'e<l ·with Caloiua 

tcme. Ya~ras cc•u~et:nttona ot Ptl(Bo,) 2 (2.St S aDd 10 tall) 

aoluU ems wa aete uairJG the trlcine b".tft'e~ (:JB 6 .8) ta a 

h2 a1ul hS ratio nepeotlvelJ. 'fhle vu to check it aDt 

btl'l4iq vas taking place betvoeu leCMt and tdctne or not • 

then 1 t ahoul4 sot reduced vt tb the tn.crease 111 the coracea­

tratton of tl'iclnfa. hoa the data (!able 4 anct ftg. 5) 1t la 

eeen that the .tahlbl u on ot betacgallln e trlux vaa alt.&btll' mon 

when the ratio ot Pb(uo,>2 to butter wu tt5 than ti"2. 

Data colleotect on the etflus of betacyentn frca gam•­

t~adiatGd beot root tissue eltcea olearlr Showed that a dose 

of 291·1 K. hde tol90 .S.1111tea 4aaage4 tbe mebrane velfl . 
little and verg little efflux of betacyard.a was Botlcetl 

22 

(fable 5). Latel', 'Kheu Ueaue elicea were ll'ratiated tor loqer 

pel'lode - 150 tm4 teo mloutea - with a dose of 3.259 it. ftlds/ 
mm te, then the etf'lus- of betacpntn vaa lee4f.ate( Pi«• 6 a ?) • 

A tactor to be aotett hero is that the teaperature ta tho coDlcal 



\ 

s.uo. 

'· 

ftble 4 

controlt 0.105 ( o. »·) 

Butte/Salt 

frtcine + Pb(lo,>2 
(2st) 

fltctn• + Pb(B0,)2 
(ltd 

o. D. at vaztoue OO!'lCenta­
U Oil ot Pb( 10,) 2 

2.5 1111 1 . 5 Ill 1 tO d 

o.ot? o.ot2 o.ots 

0.006 o.OO? o.orn 

street ot vaztoua ooncGD.tratt.ona o~ Pb(I0,)2 solution 

on the off'lua ot betaqaDln troa the tlsne slicee 1fbf.cb were 

iacubate4 at 45•C tor tSO at.nutea. t'he rea4f.nge wre the aeaa 

4etemtnat10D ot 4 valuee (P1B\ll'e 5). 



·~ 
z 
II) 

Cl 0.12 

z 
z 
~ 0-06 u 

~ "' . Ill o . 
... 
0 
)( 

~ 0.02 

l:J 
\J 

. A : Pb(N~)2 + TRICINE I:SW/W 

B : Pb(N~~ + TRICINE 1:2W/W 

TEMP. 45°C, TIME ISO MINUTES 

o·L-----~a7s------~s~----~~~----~~~--­
CONCENTRATION OF Pb (N03) 2 IN mM 

ftgo.ro 5. Eft ect .fit Pb ++ on the ettlua ot 
bet&CJadD at a teapeatun• 4PC : 
atte~ t50 ld.J~~tea of incub&tloa. 
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tlaeb contldaift& the blltter an4 tl.ttne alt.au ftDt 

upto ,,-c artel' 90 lll~mt ... 11•c attel' 150 .s.aat" a1Ul 

,S.5•C attw teo -11'l.Dtltea ot laatllatloa. 

the 1ea11ate ot betaOJ&DiD •••nett to• the usn .. 

ll'ftdla te4 to• 1i0 ••••• lllltl teo alliDtd a tbtlll lllCD• 

bate4 at n•C 4 t•O fOJl' 120 Jdl'llt. vas t0 _tiaea aD4 n•rJ¥ 

'' tl .. a aon nepeoUvelt tbaa the attloa oattttrYe« to• the 

aat tept at ,.,., t• t20 Ill• tea .t tbOI.lt prtnrl .. tlft4latt.oa 

(ft•· t a Gs ~ae.t. 1 A 5). 

AD taoreaa• t;a the 4o•• ot Y -irn41atlon· eabaao.S 

tbe a ...... !bt •tt1u ... 47-aol'e trw tba .. , twadiate4 

1fith01:1t oalola to. teo alatu 8114 the upt at 29 .t aec tor 

ttO almtea, ,_. the •-' lft'adl&W tor tSO at.mtea. Sltd.lai')F., 

tbe I'J.ao ... $ aon to the aet tftllcllaW fo-. teo ••••• 

at •• t.aouat.a at n '* t•c tor t20 atatu thq •• oos-ne­

poJJdiJJa eet t.....a&aW tor t50 atatu (Ill• 6 aftl1 table '). 

· '"''"'e. er !tkiM aanu. &•aM• tin• 

. Preaaoe .ot caleta (too 111 caci2·•2o) ad~W tna­

Uatioa (ol' after S.ft'adt&tl«il) •m41y nduN ·the ti'!Pa41atloa 

a...,_ thuiJ .ftluel»c the ettlu ot bet~ •• oftMc •• 

ftCI\\ce4 b7 ?8.6- l.n the aet ift'84lat•t to'll teo at.atea .net 



Butt ezo+f•inactla Uon+( -ca ++)+29~C 

. Butt •••Y·l•a4la.ttoa+( -ca.~ +Jbt•c 

luttel"+\' •lJTaUatloa+( +Ca +;+29,.t2'C 

Batt•~'(-il'hdtaUOil+( +Ca ++)•"zt•c 

Iutter 01" Iutter alOill with Ca"' 
(caCla:•t;. o~ .100 •.) •• pnaeat 
after r-1 cu.auoa. 

y ~Irratiattoa+htfer+( .ca' .. )+29~C 

r,In&Ua Uon+Bu.ftd'+( .Ca ++)+17.tt•C 

t~Xna4ta tloa+hffe.-.( ..Ca *) +29.t2-C 

r./lnaatatloathtter+(+Oa++)+,.tt•c 

o • 
0.455 

o.ots 
o.orr 

0.260 

0.010 

o.t60 
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o.,so o.045 

o.~20 o.oo, 
0.095 o.oto 

0.200 0.046 

o.O'J9 o.oto 
o.ot'J o.oao 

Btteot .of -lnadtatloa t.za the preaeue ot bv.ftezo 01' 

butter td. th calclua ud vi thout butter or calcium (tiler an 

ad4.C after the ir.racltattoa) OA the ettluz of bet&OJ'aDiD. !he 

1rradt.ate4 &aoa nre kept at a t•perature, elthor at ".t1•C: 

or at 29,z2oC tol' t20 .rd.nutee aftll then .the .ttluz ot betaorard.a 

vae noted. DPII:.n8 th• lrra4J.at1cm, no cooli111 aaaas•ent wae 

aaae. !he rea«lcss vew the aean cletermi»atS.ou ot 4 Yaluee 

(n.auna 6 aa4 1). 



t 

> ... 
iii z 

0 ... 5 

035 

•= 37± 1°C 

o: :t>tfc 

I :WITH co•tiOOmt.l) 

A : WITHOUT CALCIUM 

~ 0.25 

..J 

~ ... 
!!; 0.20 

,... 

I e 0.15 

;!5 
Ill 
~ 0.10 

.. 
~ 0.05 

0 1 2 
iiiAAOIATION(Tit.IEINHOURS)IN PRESENCE OF BUFFER -+ 

f:ffoct ot ( -irr&41at1ora '-ft the pre•••• 
of butter (IJo cooU.:ag ant~DBtllll'lt duriaa 
the lna41attoa of the tisauea). Bttlu 
~s mtemu:oi after 2 housu ot f.ftcuba tlD8 
the 1n&cU.Kte4 tisn•:a cd.ibel' at ,-,it•C 
or at 29_t2•c. 

27 



,.. 
z z 

A 

A 

e: TEMP. 37ti°C 

0• TEMP. 29 tt'c 

A" WITHOUT CALCIUM 

II a WITH CALCIUM 

~ 0.15 

0 90 120 150 

IRRADIATION TIME IN MINU1ES 

8 

II 

110 -
atteo11: ot'(-ift'actiatlcm o tu atunmc• 
tit ba.ttot (F.o oooU.ns -.uaqeaat 4\lrlDC 
the tnadiaU.on ot ti!t!ftie!). lff1~s 
•• c...-r.cL at'•~' 2 bcuwe of t.aouba"-DS 
tbe ilft4lo~ed tt.aau• fAther at 11.-tt•c 
- o.t ac},at•t. 



kept at 29 .t PC to~ t20 datea w:ltb ealalua tbaa 

tho coweapOiii!i• aet Vbieh u• heeD t.ft'A4tate4 wltkrmt 

oalct.ua (calela _. e.Me4 attel' the trh.at.•t&on),. (flf• 6 

Gilt?, anct ~o t). st.aUa•J3 the d.ee ta tbo ettlu of 

betaavau.a la. tile Gtt wt thout oalet.ua aa4- tlndiate4 t• 
• 

tao at.amtee 11!14 thee s.acubat.a at , .; t•c fH t20 Dimatea. 

•• aeerJ.r 8 tl.•a aore ·••puwa to the_ ooftleapo!llf.aa set 
' ' ' 

oontaiD:tDB the caloS.• lou a..,._ t.nacttaUOfl (ac. 6; 

tabla 5). 

29 

calcd.u tOb h&Ye 4ecreaae« tho etf'Jn:tt eon ibea.F.t:~y 

~reae,t 41lr!Jl!·.tho .!ft'a4t&tion t!laa tlud.r preaet'lce atte:r 

the trra4t.attoa. tile aeonue wu ?6.36- ill the .. t ocmtaia­

iftl the tl••• sU.o.a lna.ctUUtd ia ttict pn~e• of oalolue 

tor t50 aimat• .a Jtept at 1'1 .:t t•c tor 120 at.•t• '* 
Ia the OetnetJPoartha aet ln 11hleh oaloia .- a44e4 taeUate&l 

atte .. the lwattt.atsoa. !hla tnnd 11Ba ·3 •.•• toun4 in othe&­

coadi.U.OM aleo (fa1>1e 6t ftg. G a ?). 

P.naene• WI bQfter Chtr'- iwaftatloD ahaaee4 the 

4uap aat thua the ooneapoa41.llg leachltta' of the eftlua ot 

betaqvard.D h•• alfiO bHa eahaaoecJ. !baa the. lDONMe -

alaoat ttoable4 ttum tbe tl.Ht.te .UoM wen ia-&Uate4 ia tbe 

pre•••• ot butt or &4 tr1 thout calat.ua to. 190 ataot• aJJ4 



the )rapt at at .& PC tor t20 ldll:utea ctapaa« to the 

ettlus obaetTe4. ia the ooft'eSpoD41.04f set il"ft4f.ate4 withaat 

bUtler ( ••· 6 6 t &114 table 5). tile leartqe -. 1- aon 
WQNL 

tlum th• tl••• .ue .. A&watU.atea to the pl't'teoace ot butt•• 

uact vlthoot calol'tla tol' tao almltee .a kept at 'J'I .t t•o 
foe~ tiO •••• ·tbaa tbe eft'lus nouo.a fi'Cb the U.sae. 

aU.e• twa4i.ate4 1d.tllout. butfor (ftc. 6 a t1 tabl• ;). 

30 

Ia Ol'del' to .nace Che I! ae la t•»••tu~• Se the 

ooat.oal fluk ftdltl 1Ra4tattoa aa4 to eM fhe etteot ot 

gena. iftadlatioa Oft the atabmae pel'll.ab1Utr. ttle oOid.cal 

tl&tlk• ooatdatq th• ttene aUcee wen tett Sa a ~tar 

00!1tel.a1G~ caebol &oe ai1Cl the the tiame dt.cea ven ,,._ 

dlatecl wlth b11ttel"• wltllout butter, wltb odcla an4 1d.tboot 

calctu. !l"l'&Uatlou •• atvea tor 120, tSO aa4 tao dattera 

a« teaperatDN dee •• aote&. Dle t•pe.atun-. ,,., ,.. 

at 34.s•c tteapooti.Yea, after t20, 150 •« teo •••• ot 

lrracUatt.oa. •• de• ill t•paatul"e auat be a sactual 

proo.... She .Ulu ot betftOiaat.a wu elsr4ftcaatq lo•ftd 

111 thie eat up COIIJ&ftc1 to the p......,.ooa eet up tlbea no al'ftlD­

caeat~J- •• aa&e to control the .nee l.a ••~ature t.o the 

OO!d.oal tlaob Atr.Las 1rrdiaticm. •• ln.UaUoa etteot •• 

olearlJ' obaerre41D the tlsne ello• which bave b .. a incubattl 

at ,., .! t•c ro-. 2 hCMn att•• tso aut teo elamta ot iftfldla­

t&on tdthoot calolua (Pia. 8 a 9t table 6) • ~ eff,ect of 



81ltt.r Ol' Blatt•• tltml' w1 th Ca ++. 
m

2
o, (1oo al) .. ,..,. •• , 4ulla, 

r -iaauata.ca. . 
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JU•t• otr-t..,.tiatla 
180 t50 U!O 

Dotter+ y-swaMauoa.C-oa *)+t2£too 

Baftu+r -tft"di&Uoa+{-ca ++)•"at•c o.aoa 
Batter+(-tn.Uo.ttoa+(.o&'"l+t~t•c o.oos 
Blltt••*Y" ·ift'a4iaU61l+( .c. *)+Jf.,tt•c o.tMt 

o.o,s o.ut 
o.004 o.ooa 
o.ott o.ota 

. . . 

Batt•l' or htto.- atoq wtth Ca ... 
:m2o. ( 100 d) .. ,. ••••at art• 

-ilft4i•t£oa. 

r.,.tnadtntic+lklttb'+(.Ca .. )+t~t·o 

'( .-lnaUatt.o+btfeJP+(-oa*}+J'#~t•c 

'(.-ln&Gat.tot\+!hatte%-+( ..ca*) +12,ttoc 

f :natU.nt&oa+htte+( ..ea*)+n.tt•c 
ML una•••• ,. ... HrE !A_ ••••r•• .,, .• ,,.,. ; , __ J _ 

lll.st:.• ot y;_lndi&U.oa 

teo tso tao 

o.no 0.023 o.ozo 
o.oot 0.006 0.004 

0.040 o.ota o.ooe ......... ,. ••e1tte • _..,., r _ .. 

f.ft•ot d' Y·1~tl'*l tc tbe pwan.ct r,f httor o• 

h.fter td.tb oald,• aDd tdthout butfel' or oalctlu (th.,. aft 

&ftd aft•• the iJftU.aUoa) 011 •• efftua ot \eta .... D• Die 
-

iwa4t.atd At.••••n tept at a tepentur., either at ,.,~t•c 
·: . " ~ 

• at tttt•C f'ol' tao dnta..u4- tha... th• .-ftlu. o£.. betaotnlc 

... aote4. l>u"ill(f t.h ·t s zn41• tton, th• eord.oo.1 tJ.a•u ooatala­

,.._ the tt•ne: •Uo.. ww. pat la a .t•• ool)tdain,r Oftabfl4 Sot. 

th• r.a«tac• ••• tb• •tu 4et•moatiou of 4 •Aluea ( ft8\lft8 

a, 9 ao4 to).' 
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A 

o:l2 t f'c 

A_ WITHOUT CALCIUM 

B _WITH CALCIUM 

0.01~~~~~~ 
I 

IRRADIATION TIME IN HOURS -

Bttect ot Y -11"Z'adlatton in the presenoe o-t 
butter (Partial ooolJ.ng &nangement wail made 
during the 1rracU.at1on of the tissu•s). · 
Ef'tlux vaa measured . after 2 hOlU'S ot 1nola­
bat1q the 'rt"adiated tissues eith.!r at 
31.:t1•C or at /2'. J:.'l!ie·. 
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ft&Qft 9• llftdiatlon 11ltbct boftd• lo Calclu 
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(Partial oooUog aft"Antr..-1 •• 11448 
tuliDB tb• 1l'J'a41atloa). lttlu •• ••••t« alte• incuba.tlilll the iftaatate4 
tlaaue aUo•• either at "-*t•C oJI at 
t~t.-e tor t20 lllaut••· 
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izoracliatloa wae ver~ low ill the aet bpt at tJeO to• 

120 atautoa imaedhtelJ' after •• f.nedktica (ftg. e. 
9 a to elltt' Mh 6). Pn••o• ot calotu fttooetS tb• 

•ttluz of 'b«ttao,rarliD 84 at.DtlU'l7 t.ft'&diaU.W the eUooa 

ill the abaeace of Wtter ( '417' i.fta4latt.oa) aa4 a44iaa 

nttel' afttr ilftdiatlOD ftduoec1 the effect of f.ft'e4tatioa 

(table 6J ••· e, 9 • tO). 

35 





·uscusstOJ 

!be 4laauaeloa liM THain Uvldect l.nto two paris 

umter two -.t.a heaUaa• (i) ttllperatu,ro effects on 

eeJibranea ea4 (ii) etteote ot nUatloa Oil molll»ratae•• 

'' ' ' / 

Ubler both the hea41naa the lftteJ'actton ot f.Ofta td.th 

11eebl'tdlee ad the!• abilt.Q> to natoft the l01tt &e:alper­

•eab11St7 ot moebft'J.ftee elthezo 4\le to the tesp•J\\tun stroae 
-

or '( •1 na4la U. OD1 baa •eea 41anoae4. 

PleDtr of 4ata are a..tlable on the ettecta ot tea• 

pemtun on 1ftUvl4\t81 cwcard.eaa 1nlt npolte on the etteot• 

ot teaperatun at tho ce\lulu .level Ol' aol.eCl11ar level, 

aolecu.lar tbemoblolog ao lt is teaed, are not II18DJ'• The 

4taeuesloa Will toeaa the effect ot heat on the permeabllttt 

of beet root ttsno elf.oea. It will ahow bow the obeerYed 

effects are pf!I!Obablr re1ate4 to phenoaooa oocumnc lD or 

at the cell eeunsae leYel. Ad. aloo tit •1uc1date the 

aeobaala bf mf.Cb the metallic lou are etabtl.iolag the 

••branee acat•t the tber.al cleaap. 

Prom the pwaent eapel'laental data (Table 1). it ie 

ft'ldent tbat at ele-vated tape.-atuee ae~tbmaea of beet root 

tlaav.ea Hh &.ttitW 4is1ntecatede Thf.e la becauae Of tho 
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vel'loua aecoa8al7 towe• u G'flclenae4 b7 the .-elblo 

aolub&U.ae tioa ot ae11baaea t.a oelltaia solveat•a bF41'08•• 

boaii.DC• loalo d4 Upole iDteact&oaa aa4 V'aad,eftll&l~ton• 
' . 
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that ho14 aeabaae oa.poaenta la plaoe v.W lte tint 

aeatro,.a at eklt"atecl t•peatons. Ia coapuf.aca. the 

atmotun ot t.D4t.VSdual pl'OtoiM 1a atab1Uee4 bJ' af.•l1ar · 

tones. aa well e$ bt OOYaltmt llllke euob •s pepti4e boa4• aid 

dt.su1tt.4e brlclge$. Zt 1e to be ezpeote4 that tore• atabt.U.­

sl.q a epeolal coatlataratlon ot the poJ.7peptlc1• baekboae of 

lD419iduai proteta llOleaaJ.ea are: at least ae MftDC as. if 

not atnDSe th8ll tboae napoild.ble .f9r the amtua1 attachaeat 
i 

of ••bftlle o•po~Umta. hom thea• ocml44eat1oa. tbe . tt.m 

. atep ot heat l-.1UJil ooult! be the Cleatnott.oa or ...-aae 

iategatr 8114 not the 4euturatlon ot iftUYibl protet u. 

So froa the Pfted espedtlletal ftllllte lt l• ••17 obnou• 

tbat -'tb tnc~ teapoature. aeabl'afteB ot the beet l'Oot ' 

a.ao ••• 4tdl'.l~te4. •• 4lalntearauoa or aabn.ua 

ftaulted f.D tbe. efflux ot betaOJUi,n. BftJ.u of beta07aaaf.D 

has been taketl ae Gil ira4eir to meaare the lotqdtJ' of the 

tbe nt• .or ha•oll'd• ot el'ltbi'Oqte~~ Sc one anup 

,of aDillllle (oat, 40B. lith aheep, o•) t.a shoe to be a hnction 

til tMpentun. Wlth a aUAbt fttlt.t in t•peatun the ttme 



taken fol' haemolgale apl4~ 4ecreaae4 (s • .J. 4e Cler 

.11.11 t96?). Do,eft ( t948) obeerrecl tlie loea ot ool<Nr 

tna llh00p, MlfSAltl cella before atrl' protopl.amd.c OO&g\t­

latic:m oceune4. Lepuebld.n ( 1935) abovo4 fhaa aa lacreaee 

t.a tempemture ~ ftretlJ, the mebnae pemeabl.lltr 

MUJ. the coagala'tlon ot pntoplaDic prot.S.os oceurred. 

»aatoll .d. A1 ( '1969) have ehown that eOI;beaD aDd elOdea 

·eapoae4 to fllb,ethal teapet"atuna lhove4 a 1oea or chloft­

phJ"ll 81l4 avollea dlloHplaate. !1\eraal llhoeu bave beoD 

· tou.tS4 to dlalntepata the l!ltnlbanea of s1n . .,.oalc uaa eaOlaed 

tNm ret Kf.tlne7 bean (Dt••e&w platda> (stegeJ. ·tt'74). 

Stualoa em the tb.Gftl&l ettecta ot beet root tls•ue haYe beeD 

conauoto4 'b7 SJ.egoi ( t969). · 'ihua the iateg!'l.t, ot meabrane 

oaa be eealillred bt the eftlu ot eu.bataoo,,_ 

. le the preBiftt atuq 1 t haa b•D obaeJl¥'84 that the 

eftluz ot l;etaOJAftill troa the tlseue al4oea wu a f\moUon of 

botb tempen.tcte U4 the tl••• hOlt Flctlft '• it •• Ytfl7 

clear that th• 48111afl0 eaue4 to •• tt.•n• at bieber teape-
, 

~~!tuNa lD ehol'ter pctrl04 (abCBt J0 aima.tea) 1r0lll4 cN'talDl7 
• 

be aore ..... ., •• cm4 ia.juJilao tbaa the deM«e cawaecl at lowe~' 
" t••P••tur• to~ 10ltler clunUou ot time. !be o.D. of beta-

• 
qatd.D aQOidetl uhea the U.eeuo kept at 4500 toY 120mJd.atea 

vas 0.16 at that wae 5,_ leaoer thae the O.D. of betao~a 

reool'\ttecl \fhen ibe Uosue as eub,1ecte4 to a taapeatu~e ot 

60•C tor SO 1d. mtes (1.... 0.54 o-. D.). Slmllal'lv • the · l'lae l!l 



. 
the eftlua was sln at lower taperatul'ell, Wbonae it 

waa noU cect that at ldper teape111tuee the oftlu ot 

betaepDI.a was.,_, taet (Pic. t; table t). 

Blevate4 tatperaturas 4aaap the aeabftdle in a u ... 
ttol'eat va, than Ole freedaa teQemtune. At low tmap.,. 

ratu~e tol'l!llatSoa ~~ leo CJ7at.a1~ (either t.etaoollular or 

eztra cellular) le poaat.ble an4 thu the o&U.a td.ll be 

. eJOpoaea, t_o mechatd.oal etrue caue4 b7 •• preu_ue ol' ebearf.q 

toroe pro.taoed. ,,. powS,q ice 017ata1e. WohOYer, solutes 

be~o.e aon ~ ~ft OGrtceatrated antt thto &Mrtaae ill the 

ealt coDCetraUo:a hae a aeleterlau etteet oa. the HBsltA• 

_.libraoe. fte el.tuattoa ia •• eiapler tt oolls aft klllacl 

br boat. ».tl"lDB lJrlet heatt.rag, mealuud.oal, deb,Jamtloa ana 

cODoeatnUon ofteota can .,_ ruled o.at leavlq~oalr the tea-. . . ! 

pomtun l.ftcftf.lao .• ftua tho queattoa _,.be Ualtel to whldl 

ot the cell coJtati.f.Qeats atre H!ldtlve aa« *ldb are lDSeDBlUwe 

to elevated tepeatuna. 

Low molect~lu wight cell eonatitu.abl •• aot ntt1Clent~ 

heat labile to wauant esteutve ooaJ14eatloa. ltlat 4oes aot 

aeoees&rllJ' •xolut• the t._eftttlf'e laduoe4 pbaae tftl'JIJlttODD 

whlch eleo J.MolYe J.n •oleCDlar weil#lt •tma1. Blat la the 

aeabraraea l!l&l.nlF pi'Otetu. llpt.4e all:d a little ot cal'boh,aratee 

&1"0 present • DOJ!fr the high eolet'Olar ftiabt ooll ocmetl taeata 

po1J>saccb.al'f.4e• are rather tberaoatable aa DQ.Olelo aolda. 



holt tJJe pnent eapwbeDtal aata (table 2 ea4 

ft~Jt~n 2) tbe ettl.o• ot betac:tJUlll baa be,_. ldhlbf.ted 

ea4 wu eon or let)O coaetant; wbe the tt.ane sUou an 

tftate4 at a e...,..tun ot 450C ror 30, 60 en4 90 alwtee 

at traaaf:eJTel to as ..a aoc. But the etflu• atarte« 

taoreaelag sn4 &t aa not ocmatet vbea the tS.mnae ellces 

which haYe beeft illCllba.te4 at 45•C tol' 120 end t50 Dlnutea 

am a traneter:re« to 25 ~ 210 ( 1'18'11'8 2). ft.ue mtab1811es . . 

reonve a plaatf.tt strain (il'rlt'Verdble pbye1ea1 or, chealcal 

clumae.) •• th'OJ' ate nbJecte4 to a h1gb te,•ratu.re atzoae 

tt¥~ a abort tl.u R low tespeJ'a.taH stress for 10!lgU dumUoa. 
-

Whor.aa ~ lov tO!lpettatore etft88 tor eb ort time ., produce 

aa elaa~to etn&u ·0817 (t.e. rtWeralble ~-..). 

Ja o1'4el' to ezplat.a th.ae ohaqea ctu• oonalderatioa 
o.1> 

wt.11 be gj.Yea ho•••"'o bov tepen.tnn cmald pose1b1r alter the 

.att'llcbre ot protCilne aD4 11p14•· In euller 11 terature. 

va!'ioae tbeorlee Uke coagulation or protet.ta (Lepesekla 1912) 

d.ena•ratt.oa ot pzotflla ha•o been Pllt 'loxoard to esp1a1a the 

aatul'e ot heat 1~. !t is. well tmoe that proteJ.:11e an 4e­

Datun4 b6 uat. A Ye-q hisb acU. Yatl Oft •~•13"' ia aoe4e4 tor 

proteiD cteatun.UOlh 'ftle Setlsltlvf.ty ot tlf'ter•t pl'Otelas 

to biab teapan.tu~e Yarie~ met 1 t is nwer the au.e., AlosaD41'09 

( 1969) haa found tbat th• natataaoe to hoat 4enatarattcm ot 

the en~~J~~e llilell ..-for~~ the aaae tQnoUoa Sra urterent ol'ga-



!deu 't'arlee aooonlna to the taeraotnplo. atlaptatt.~ 

at theae orgaal•t. .~Lmtt (t962) obeel'\'e4 1bat Ilea' 

lft3UJII nwltetl &a en $acreaae4 SS oont•nt ot the pmtelna 

at t:be espe~U~e ot Sl CI'OUJ•• When cel'ldnattd 1boat •• 

heated to «) • so-c, tho lovel ot SH INlPD ia the water 

eoluble pntela 4ooreaeed ard tbe ssasa ratio increaoea. 

lion. ( t910) baa UO'Wil that protein• ot aolbean llJpoeot61~. 

ehov IMUd.mta tbeteOstablUtJ d'tu 4 hO\lft Of lncabatt.on 

ot the tta~ue td.tb to-5w. 2-4»* &ad thf.a as oonelate4 tdth 

the cleereuo to •• sn ooatent. tmd tbenton a 4eoreaao ll\ 

ablltt, to tora lntercolecul•• SS boft4o em heatiec. 

Cbapaa ( '96?}'~ aa8Uiles that heat SDJul7 ie relat•cl 

to •• t~e1tlq polat ot cellular 1tp1da. It ne shown bJ' 

earlier vomre, (Dowell 8114 coJ.Uu t9S7; raeatel act Hopt 

t940s u4 Toft'dne Jl1 A 19'30) that in plAnts, iuecta ar.d la 

mlcroo.-aanlus ttle proportloa ot unaat.urate4 tatt;' oct.da •• 

eore when 1bet WOJ'e entm at low teaperatv&a. rtoaeot.bento 

oraaDleM also ooatat.D peater proportloa ot un•aturat_. fat" 
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· aetda in the suft'ace of U.pi4s tr tho en,...I'Ol'JMental teapentun 

Ia low. A studl haG been aa4e bF lobnstO!l Gild AOota ( t964) oa 

the 11pt.G tatv acS4& or sold flab aocUatt.•e« to •aziou• 

teapemturee aa1: 1ilQY have obeert'e4 tho.t the total aaOtUlt of 

liPids lnoroaeoA tm4 tbere vaa e o}fvera11 teM•cl' tor the 

4osree ot 11ncat.antloa ot the tatty acta to &acrea••· Saleh 



etwU•• ~~mueat tbat aoeUuUeats.oa lnvoJ,vee the 

ability to contl'Ol the degree of uneatunts.cm of cellular 

lipl\la to aaiatat.o a apeol.tio lisui.4•S!JdtJ.11M atate ot 

co11 Mlibi'&Dea. l'hla tnt....Uate Jbaae te etable ewer a 

ehan.ctel'iaUo teapeature raqe. ftae 1Dtol'&laUoa obtatntl! 
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on th• eftecta of heat on puo phoaphollfl4a tn~~ vai'S.OU:e 

l'h7&1e&1 atudiu U.t• iot'rued epeotl'Oscopl..c etucli.ea, 

4ttr•reaUal \he!'aAl anal7at.s etuuu. &-l'6J abdi ... mm 
at\ldl.ee, electron &1croacopic etudlea hae be&n ..-f1,ae4 bJ' 

Cba,_a ( 196?) • from mch etudtea be etated that •the7 a11 

un4ez-co a tnnal Uoa h'oa Cl'J'atalllae to tbe Uquld Gl'J'ataJ.U.ae 

phaa. aaa7 4ec._. b~ow th• capJ.llar.r aelti._ polnt.• 
• 

h'Oll ttle . above 4teaaslo!1, l t aa1 be coaclude4 that 

th• J'latt _la tGmperaturt no Joubt aacaaos the mubrac peraoa­

btlt ty cs baa been obaei"Yo4 in the boet ~oot tiaaue ulicee with 

incnatJl.ns teagoraturea. 5.'tle datfla6e :ta reversible wb.tul the 

ttOBUea are cb.jectea ~o a. tapoJtatuzoo ot 4500 to~ SO to 60 anti 

90 111mdea tmd t~e:red to 25 .t ~c. ao tld.e ,., be beoaee 

ot tba pbaa• tl'a.m:4Hone ot tbe phoapho1ip14• t.e. fi"Olll CJ7• 

ata111DG 11bug .. ob sbova a hl{#l degree of'oN.or to a 1lqui4-

c..,at&1U.ne phase. .L loee ot eem:f.poraeabi:U. t7 at hisher te~~Pe­

ntuna aay be 4ue to eitbu acesalve tlui.Ut7 of tbe lipid 

bila,fer Ol' deJl&tar&Uoa IIDd asnaatl.on of the aeat1ane protetaa 

teadi.ae to boles 1ft the ceabraDe. \lao rsftbrane P8l"ll.eab1lit7 



I, I 

••F 'be lrr4nterdblg damocecl 11hen aggrqato4 pnteiaa 

are fomett troa 4emtu•e4 ,.otelne (Le'Vltt t962) at hlgber 

tftpereturea. SO the 4~ clue to low t~tun ftJ.8J' 

be 4ue to the cbangea in the oqaaisatt.onal tmture of the 

U.pt.te ancl tbls ie revend.ble ••~ at hAsh teapeJ'atut-ea 

'oth llpf.da aa4 patelaa will be atteeted &ft4 the ~ge 

becamo ~ft"&Yel't4blth In seneral, the streaa aots at a 

pol.nt where then la least naietace all4 the w.lcUe •7 be 

et tber • p~ett&a OJ' Upt.a Ol' hotla. 

lc tile }lftt&r!t ctuq, t t vas f0Uil4 tllat the offlu 
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ot bot&eJI.nd.a 1lbich etan4kt 1ll th the rleo in temtorature from 

25•0 owario c0111d be t.nblbl te4 b7 u.Blac vadwa etrerssthe ot 

cac~.m2o solo.ts.ora. It hae beora notteecl that catcte deti­

nltelv reduced tho Mabraae clal!age oau.eect 4ue to the a•e lD 

tcaperntun. !Gt the &Ofilo etreDSth ot oalOIW! In the me4itiiJ 

elao aakea a U.tfeftlloe. · SOluUou ot SO d 8114 tOO ttR 

proteote4 tho Uawe sllcos whea the lattes- ue lnou,ate4 at 

4SO'C t9r tao at.nutes, tro. the,_l 4amage moi'G tbaa either 

200 eM tr t2.5 and. 25 al eolu.tlou (Hg. 3). ltoncwer. 

besf.4es the eonoeat.-ation ot ton., tho aatu»e of lema ( uhether 
++ .. ++ t t vae Ca · • Zt\ or If« ) 1• also ill portent booauae S1D the 

preaeat a_., tt hae been noticed that •ons ell the thho 

eaantkl elftf!lftte fZ1 ++ vas touad eore protecti v,~ tbaa Ca ++. 

Mat.tnellu was the leaet PI'OtecUv~"'tban. either '1/4++ or .... . 
Ca aptnet tba'ftllal claap ot the uabrane. ftu the o'baer-



•atioa talUea dtb '9ad.oue other ~~epona e.eft t>t 

wu shoe that vadoua laot"SWc eolutu alter the 

•ellbrane peraeab!Utv ot Meta &M leaf tloaee. Cattou 

lf.b caleiua haYe bGGJi ebova to natore tha aatural leYel 
-~ 

of peneabli& t7 to 1
1
\atter Df.A treataeat In tbo beet J'Oft 

tleaue elloee (van Stevel'd.nu t965). It ball beea o'beel'Vtd 

tir st.eae1.d. .ll (t964, 65 • to). Poavaioh .d..Al (19?6) tbat 

polJ'catlou •, &lldalcObole lftduce4 leald.n088 &11· beet l'oot 

aembreau 81'14 the l.eeldaeae has betm revel'te4 to cenda 

oteat .,, ealclua toae. Webrane d:amap oatcetl 4ue to the 

inonased ttllpeatu.n ethss end dtnvlolot ll«ht are aleo 

ehoa to h• condieablJ r$duoe4 &th Ute ue of cac12.at2o 

( st.eael t969 6 •74) • Conef.4eable tm.cteaoo btl.e alft been 

aocta~mlete4 to ftbow tbat: ate t.acreaae• the 8'tab1U. t7 of 
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vadou Gellbftllea (Cbftpil t91J). Von Rippel alii Wcmg ( t964) have · 

4eftae4 the nle.tive ettona ot '144• J'allfJe ct eatt.oaa ana adona 

alttd'iu,g tbe chal'eCterl..Uea ot pnteloe ani othel' maoro­

moleeutea. the fJOl\ltea _,. S.DV'olve :La aa.t&oe cbaraea oa the 

macraaoleetllar ml'feoe, an4 charges tn the water lattice 

i.nteracttoc vlth tho aaof'Otlloleoule. 

so from the eaP8l'1rteotal. clata aat tho aeoha!d.amo proposecl. 

1»7 othen lt t.e e'Vlttet that at lov teaperaton the state ot 

11pl4o 1411lte ~e4 11h•HA• at hlabor teapo~aturee the 4e­

aatuntloa aa4 thue ocmtomatt.oaal eheaseo &a pl'otela oan be 



. bftllSht about tlllidl ulttaate1r affect the II!G1ftbftlle 

otnctu.nt. so tbe Gddltlcm of divalent catlona Ulte 

za++ • ., ... ~ ca* .·al'&d Pb ... iDten.ct 1d.tb prot•• 01' 

U.p148 or with both of the to oertat.a en-' aD! atabillee 

tlie anbn.a. 
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Vzibim all4 Ch•PMn ( 197 I) haYe t.meatt.satod tbe :l.nt:er­

acUoa ot dltteRDi ~•aleat o~Uou ~11 the erteioth•l'ldc 

pbae• t•odUOD ot dlJil'Wto.r1•1ect.thla eat oM:I'af.li phos­

patld,rl ser.t.u.· ,_ aonolqer aid Lt~oaOM expertaate 

UratQ'1 lou (tto2 *) an bO'I'Il to act 4oledfMtrJ.oal17 w1 th 

tbe polal' SI'Qlpe Of lect thin am.4 to bim1 la the amabZ'Me 

•u•tace ot dttteet blolosf.cala•braUlh Pftillllaablf. to 

phoa,Pilate 8~0\~Pih . ChQsaa .t1 !1 ( 1f71) coaftll!e4 that strons 

l>lft4ll)g ot thio t.n le apeciticallJ to the J}loaphate BMaPD 

,, meaae ot infl'aftt ~tpeotm eoopt. JJaueer a a1 ( 1969) haYe 

aleo ahoa tb•' p'boapbatldrl eo:rtno tome atct.ch.t~etric oomplez 

td.th Ca++ 8114 Ofh8' di.Yaltmt f.onta• .these l.Dte:re.ctsou have 

YG1/I et~ etfeetf em tbe lfaaeo tftllsitl011$ ot botb U.pltle 

l.e. 41palal tQJ'l loe.l thia a4 pbosphat14Vl nftnth:· •B t.e 

:l.mPQrtaDt bctcauae it Ebowa bow the temperatQte enhances the 

clqne ot U.pt4 eh&qo t1ut41ty and thus related .Peraeabf.Utr 

ot a Upl4. bj.1oto• toalq psl't ot a meabhll& could be atteoted 

IJy aetal•loa t.at.-aoUon Vlth the pOlar bed SI'CilP• Ca17-Bobo 

( t910) &lao eh01red that CGlctua qou14. aarke41J' ftduce the 

pel'lloabiU.qr in th$ .qnthetlc lle•b.zoano of eC)Jhclla-.· Levli1J1 !1 
. ' 



( t9?') ha't'e aa4o aptbet$.c Yuiolea 1d.tb 1.a Viifl aDI 
' 

tlls-oqh the u•e ol DB NaoDSGce _.euftJ!Iftt .. ther t0Wl4 

tijat oalotu aa4 etftftBGr- 4nta'M.llaS.q eo1utes coald 

snatlr depna the pentablU. tr or vetd.olea. apea.'l'tmtl7 

tlu•ouch alteatloaa ot the lect.tbla aD4 ito l.aten.ctlone 

With eu•ouftlllatr •ter latt&oe. 

BiD\UJt« of colcloa loa• wj.th protet.u hae bHn eom 

b,- Kretatnser ( t9?6). L3unce• ( trro) ata«rf.es thel'llophllli 

bactuta eODo1114o4 · tb&t oal.ciu. prot•ete ..,..a a!l4 otbel" 

eaaenUal tl"'td.ea or the oel.J. aptut beat t<matul'r.lt:i oa b, 

tOftllq li.Dke wltb JfttdD aoleclll.ea. Beai4ea ld.n4tq, tllei'G 

are also ~'&ports a\'dbblo wheN calol.• was toun.cl uaetGl l.a 

ulat~tttq tht ~llt t..v of 111e eaqae. tbernol.7t4n A(Jdaat 

teape•atutte st~eaa. 

%a the paaet upeaaeta it has b81ft·dbaene4 that 

..,r&•eiua u4 cJ,e ar~ alao fcnmd to be protectne the o&11 

aabnu fi'Oil tbe tbt'd'llal 4•11&6•· Varna £t a1 ( t966) poatu-

1ate4 that doc stabf.U•• the aambftfte reaothc dth the 81• 

CZ'OU.P& of tho flllllbreao protala to toa •table mercapti4o•• 
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fbe7 am•• at thie ocmo1uaoa beeaw~o llellb.-. atabtlitJ&tlon 

Is o•tatnn bJ' udag otber he&Y..r aeto.le aaa. SB bloold.q GgO!lte• 

J.edtt (t962) bae tlhoe that hnt i»JUI' nwlta ia aa iDanae.a 

sa oetent at -. apeaa• ot m si'Otll•• Pot&Dov .d. 11 ( t964) 

ap1'are4 dnc ~te oa 1••• alll ltelttWed tM.t tollar •PJ'al'8 

ot zaso4 lncnase th• heat r•atatuoo bJ' 1oweft.q the _reept.­

l'atOJ7 q,uotlont Sa cauaiDc accumulatioD of oraentc aof.da. APart 



. 
ld.ae or ·calcl• cm the thoaoatablllaaticm Of pl'otelas 

.ozo lf.picta. Ill oaae ot MSM&I.ua tt •:r be aeauoaea that 

altbousb lt ia not ae etabS.lltd.~t~ aa ca++ ot- zn•• but lt 

bae eortata aaount ot thei'IIOStabt.Uaina alti.Uv. 

Pb ++ l~ have aleo ·b~. trte« eapectlq tbq wCQl4 
' . oahanoe the 4-so ot the aeabnae peneablU. t7 at blthor 

temperatu"•· BGt t&hea the 4aat6• •• •••* t.a tetu 

9f tho ottluz ot betac,rant.n, ccmtrarr to expectatt.·~ Pb ++ 

(concentratt.ot~a 2•5'• 5 at!d to 1111 tde4) &Dblbtted tb• 

.otf1ua ot beta~ft cm4 thu the theNll 41l111ap of tba 

aeabraa•• ea v~ rmeb hel~eec.t. It ear be the aoa-apeolfto 

ottect aather thea the apecf.tio effect. tlbea ·the butter 
. . 

tl'lclae to Pb(NO,) atio wu ltalataiDI4 Stt. taum the ettlua 
- a ~~ . 

vas mon iftbl,ltott thaa l t •• 2t t. so !'Oidb17 there -.,. 1\ . 
•• mOderatf! &tdftl ot Pb ++ td.tb tJ.Ilolae a.rd the tree17 afttl-

eble Ins to the tleame slice~woulcl be leH f.n the fiht oue 

than ta the eeooD4 eaae. so tar nports of led 011· tbeno­

stabl11eatt.oa ot tiDmbraaea have DOt bee tiotloat .• 

So lt flH!ir. be eot~c1\l4e4 that thea_, aeta.Ulo cations 

Ca++ • It++~ 111* aJJtS A~. aq fo:N liaks dtb the , BSR .groopa, 

thu, recbacl.GB tb• toraatton ot ss boue 41ldft8 heaUag aill! 
'· . . ~ 



alao be posaible t,Jat at lower temperatures. acata111c 

oatiou DJ' tom ltnka with •• IUrface oarce• ot tho 

lipid aolecules •• bl'lDS ete.biliaatton. 

fteeearch into the re.dia U.oa indue et1. lesions of 

bloloatoal alebftU'Jea ia betaa caraot out not onlJ' ia tao-

1ate4 etmotv•e but· also at the cell Q4 tt.aaue levels aDd 

a leo ln. entire uranteae. some repol'ts mad ftVlove have 

appeared. on tbe dlnct etteet ot l'adie.~cn-taduced daaage to 

tbe aembraDe penrealiltt.Y (Siqh et al t9'741 · M)-ere 1970; 

Wallach 19?21 Pollal'd 1967 azul 1968). 

hOm the preeent ettldJ it is clear that tJeet root 

Uaeuo aU.ooe ere nob aoro ftiUoreelatant than other animal 

tteeu.ee aa the mabftl'loe could be diet.utearated ~1' •hen 

they have rece1ve4 a doae of 48<f K. ra4• or mon (fable ;) of 

_y -lrra4t.at1on. !hue tlae reaslt a.peea with that ot other 

workere 1fho have allcva that olBUt aatel'J.al-. like oaloa ecale 

(Btebl aDd fap• 19,t) llvenorte (Biebl and Ul"l 1963) • c7&no-
' 

phJ'Cean algae (&l"aDa 1969) and carrot Ue•u•• (Echalldt em1 

8aaee7 Jr. t970) aJ'e core ra41orea1ataat tba am.aal tisauee 

and neOCI high d.oeea or 11'ftadiat1on to 4aase the •embnmth 

Ble leli.kap of betao.vania vaa lraaedlate au the 

tissue •• tr.radlatect to• 150 mlnutea all4 teo ldmttes ld.tb a 
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-
4oae of 1.259 c.a48/lllmlte. ht with lo•r 40888 

the efleot wu Dot t.mmeuato aa f.t wae .fOQd br !'almaoft. 

• a ( 1968). a_. hove fotm4 that release ot lactate 

4eb;V4Naeaaee fi"'a thpoortes l.l'b4iated at a aoa• of 1000 • 

takes place not l.t:Mdlatelr but after S. bou." of iacubattcm 

ot the cella t.a butter at ,.c. 
1he leatcose ol betac,-ard.a vas e.laost 4•b1•4 itt tbe 

oaee ot ••••• vhS.oh haYe 'been lnaUate4 iD the pJ~eacmoe 

ot butte!' tor t50 td.ates, and then S.noubate4 at '51•C to• 

•20 alnut .. thu tbo. 'O~ateapOAtiaa eet hPt at 29 .t 200. 

l'orecwer. the .tt~x vaa veq much I'C4\lce4 11bo l.ft'adiatf.Ofl 

.... doae wltb ••• eooU.ng derin (table 6, ft.surea e. 9 ana 

to). so troa thte It t.a obvt.C)Ue that lnaUatloa ia paaeftce 

ot .,lt:nrat~ teapmtttm woulct oezot8lalf' be aote 4amgf..q 

tbaa td.th ltradlattcm ltttelf. It •7 •• adUtl•• .. 87110•· 

.aietiC;te 

PJ!'e~ee at butter 4ur1J:Ig ~e 1ndlatlo». 4oub1ec1 the 

efflux ot betao,ramn ia the nt 1na4late4 tor tao mlrmtoa 

aDS kept at a9 .c 2tC t,._ eta conesporuit.ftll nt mS.ch bae· boea 

1l"l"adiate4 a th•t buttes- tor teo 14m tea ..,_ k~pt at 29 .z 200 

tp 120 a:LDUtea (!able 6 a4 11 ftf:\lN& 6 • tO). Ben tb.e 

quoetton· of iall.eot ettect S.e to be coll3l4ee4 aa aoet pi'O­

babll' '"* raUcal tonaatt011 ttttea pl&oe le tbe preaeaoe ot 

tho bl&f'ttll". 
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ROHOYoJt tbo efflux ot beta07U1a boa the ~aet 

I'OOt Uano to aa quoo.ae udiua •• touMI to be both 4ose 

a4 4oae-nte 4eJP«ent ae lt aa obaewed b¥ BcbaDcU &114 

M&ea., J•• ( 1910) tD the oar.rot root tlact1.a (tablet a 8). 

Pr"enoo ot cac12.a2o ( t~ dl) at tbe time ot 

lnatlatlol'l 4efitiitelr protecto4 tho memln.•ane troc raUatioa 

damase ~rd leacblPB ot the bet&eJ'&DiD has bfC conet.derablJ' 

ft&lueecl (fable !J ad 61 Figures 6 .,;- to). ABela, a4attt.oa ot 

calcl.a alter the lJ'M'ad.lattOD 1IU aleo protective but 

Nlatlve1r lea• ao tor the tlaauea. from rauauon 4maace. 
I 

· tlu!lll ita pren~~Ce tlarltas the tiae ot irratUaU.ot&. 

It haa been foua b:r BS.ebl ant U1'1 ( t968) tb&t 81lb­

atano• llke Cat:J., ~ IC1 'lbea applied atte~ tho lt'l'841atiort 

protected the OftlOft ep14eftlla aDI decreuett the i~t11'1 4\le to 

the t.weat.attoa. Sl!b ( 1964) o'isewe4 o b-.. ln the pei'M8• 

b~ll tJ' of plaaa mtabftU'lee I'G'foale4 br the plaaOlJ'ele of 

ep14eftlel c~l• ot (-india teet and aon-inadiato4 bulba of 

M1l1!11rt, s•it (L). !a the presence Of e1ectl017te8 (' Jl u.4 

O.S 8ff0,) ph\e~~Olg&la ot trra41.ate4 celle wee 'V&I'f elow tbBJl 

ooePRNd to the oanti'Ola 'lhel"eu plumoJ,ale ot trra41ate4 

cell& ,.., •~"• l'&pi4 in the pneeDCe ot nOD11ectrol,-tee t•an 

i.D the ooat~le~ io the oaae ot J!fi!to:apgg CO!li4la. x­

lna4f.at1on led to a poat trradtatl ors leat:as• ~t ~~ Whteh 

wu largeq PNYatect bt loclU4112(f calciua tlucoaate ill the 
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4latllle4 •te .. lil tlhlch tbeJ wre lnaa.&tel (Wel.Jer t9,t) • 

Leas leabp ooeul'ftatl after lr.raUatiOD with 7200 8 Sa the 

pennoe of ealdue thea ita a'baence atte.-1Wad!Att.oa with 

~40 ll oalJ'• at&Oa aut Whltfiel4 ( t958) mea WOrkilllf wltb 

the l!llMYal of a-J.nadt.atri rote, tnatec.l wt.th para•rrol4 

atnot. stated tbat prot.ectlora agai.nst ft41atloa death td.«<bt 
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ba doe to the aW1t1 of hoaonea to tne:reaae aeJUe ealcd.wt. 

Oalolu •• aleo foQftCt proteoUttg the beet root Ueatle lltllbl'aft• 

tna VY-dat!&«O (Siegel t914) • 

.In tbe eae.e of f.rra«latias tbe a:U.cee la the abaetloo of 

butter •·•· ia tbe '417' etate, the ettlua weo lese 1&lcb la 

ooaiJl•ted tilth tho ctata ot JftYlou• vo!ltelfl (ito~rJn t9S9; 

Lta tt55)" ,._ ~e above eta.ctt•• 'tibether •• ettoot vae 

4lJVet Ol' ilkill'eei· the &lap1e ••tho« of 4lftbsul-'d.tta' betnea 

tbe two es by the aaoeater speed ot tbe ro._.. «Jhe etten a7 

be dt•eot 1a the tl.tJwea vhleh haYe beea ll'fttiate4 vi thOtat 

butter beceuee t..UO.telr attn tbe trmdlo.tta 'IdleD the butte• 

waa· actct.a ettlua of betacJUta hao been eotloe4 whtoh l11oaas.t 

With tacreaee &a th• tlae· of incubation at J'l .t t• or 29 .;t a-c. 
the effect -.r bo tadlreot to the tie•• Wlcb have been lftD.­

Uatet t.a the Pftlt!eDH ot 'buttea- beeaua• bF tho actlcm of 

lontet.rc ra4t.atlaa oa ater,ptree radtea.l fOiilaattoa t.• poaatbl•· 

then iuteae4&atea an eapabJ,e ot dlttuat DC tbra.tah the ,cell 

ad luotlntl~tt~ the nta1 aoleoulee. l'hoa. dlt'eCt ln_tQJ7 



•7 realt rava aa &aateatl7 fatal plaatlc ;brdoal. 

etnln •t• a ohqe iD atau lndl.q to loaa ot aelllper­

aeab11t.t,- 8114 i.U.aot lll3ut7 MJ" be au• to • dower 

oh..S.cal aetabollo etftln, that • .,.re4 tho build up ot 

on ex:ceu or a 4etl.oi•nor ot a nbataace betOft bec.S.ac 

la.jut.ou. lle'b1.d J!1 (f96)1). '968) ca11e4 the rapl4 

ll\111'7 •cu.rect• .....__ that lt ttaaaaed the oitoplan 

Uaoectly uut tile elov inJuq •ttu~inot• __.DS tbat lt 

l~ure4 the mso1•• 1ea41rc to a pa4u.a11J iaonas:t.q t..,_,1117 

to the oe11'• aota!>olf.IJII• laaect oa the ctoae a.1.eo l.t 1a 

JOsal'ble to. aq *•tbor :the tDJur, le tU.rect or iftdlroot. 

Low ctoe• tdgbt \e ""otea to cause dt.not tft3ul7, if the 

J.na4latl.ona ..- eapt\u.-.ct epeotft.oallr bJ' tM escetial coa­

pneta ot pl'otopian ••· proteins. nuclet.c aeita 011 11pldo. 

But tills cannot ltappe becaue tbe ielid.q I\Odi&tlou an aot . . 

abeol'bGCl epeelfteal~ et.aoe all aabat•et,. abao~ thea euaen-
. . ~ . 

vlll b• tone. ae la.tteJ.- are 1'9flPoBdbi•· for •~. ttamace: of . . . 
cell a-ombrene. lAJWe~ 4oaes .... ot rdtatlcm ,,..;_.son pl'Obab1lttr: 

ot bt ttltta the .dght oOaP02l011te on4. bt'l_, ..... ctaitase Unct17 . . - . . . . . 

. ' 

both em the- baale ot apeea c.uaa. the' la~e dOH ,nqut.n4 ·to 

illduoe lt, la a· iosa'~ of. antpeaUh1Ut1• leela.a natatloa, 



a011etiaee tJ1o aa• ln teaperature 4\U'lac lrratiaUoa 

(secODdar,r etreaa)la also iaeviteble) 

Ia eqtbroe.vtea l t has been shoe that :radiation 

lnduoe4 tnoreace ta peftleabS.JJ.t.r ta due to ohaqea ira pntola­

SB groups. lr~tt.on 4eereaU4 SU-groups. Olat otacrlge 1• 

tnly tn passive pereeab111ty c4 ilot la active absuptior& aa 

lnclicate4 b7 l te ()OCURenoe vheD el'l'throcytea are irradiated 
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( 2000 - 20000 a) at 4oc ( Sbapt.N .11 al 1966). Uatag fU.I blocld.n« 
U,A 

asente ltke PODS (Paraoblor••"-17' Senaeae Stal~onlc) pr-oduces 

etailar etteote u ratiatt.oa. stlap.t.ro et al ( t966) ~eated 

tbat the protein-Sf rz'Oilpe OD the cell IUrface aid tal!l14e the 

cell an the mcH.atton taraets ar.d tbat mn (leroapto ethJl 

~DDf.dlr.ae) mer rwerse the radi.atlcm ottoct by rectuclq pntetn 

dtnltl4e tomecl b7 radt.o-acU.ve oxt4a.Uoa ot 9rotef.11-8B aroupa. 

Perod.d.atiOD of uncta wou14 alao ao<Nr. rue rd.f#lt pnolael7 

be ~ reaaoa tor more 111,Juy t.e. aor' ettla ot betao.raatn 

GOft the tlasue eUoea on :l.nadlat:e.tt. lD. pre•enoo ot the 
' 

butter. 'lbe HI'OI'ide radtoala toned 4uo to the ftdtolyste of 

vatel" auet have reac:rtedwwitb 11914• ot th• tleaue eembrt.U~ee 

and the tonat:toa ot U914 poroztclea •wl4 haYe been the 

reason tor the e~ce4 duage obeervo4 la the eet contatrd.a,g 

the t1esu.e alJ.cea trrecU.ated alo:ns wttb butter. But the meCha-

nism b7 wbt.ch oalclwa toftS c011ltl prot•ot the IDembrane trom radlatioll 
lou woald tom 

4amace ie not ver clearlJ' aown. It 1lfll' bo posable the LUBke 



.Stb tho ltSH cftiiPs and: tbua Ntuoe the to,..Uoa 

ot Unlfi4e Sl'OQB at the expenae ot S8 .....,. ot the 

pttotel.aa aa:t pi'Oteot trn ra4taUoa 441688• Oalclua 

ear eleo pzovent. U»i4 peJOal4aU em durlal Nt.atf.oa 3Uat 

J.lke ano 11bl.eb be.e beea notice4 bJ Chavapll at A1 ( t97') 

to illh1b1t the Upl4 t•J'Ozldatt.oa. tbua the l'elatloa ot 

lt.plct perolt4atloa to tbe lntccdt7 of the aesbzoaae til¥ 

al.eo be 4et~ uetJlC 'betactald.il leald.q u all lnaea 

ot •nl»l'alle tftt.-tv. 

54 



Beet root tieae oU.oee vera ed).jecte4 to 

vanou.a temJ)eratufta 25•. no, 300. Jr•. 45•. ss•. 60•0 

cmtl baa beea ztot1ce4 that with the rise in temperature 

from 2?0C Oftlfal'd.$!'.· the 'beet root cell lleebtnnea have beeD 

4te1ntegrate4 Wb.lch J>efmited tn the etnux of betQCJard.a. 

the ttret step f.s tho lose ot eaipermeablU.ty due to ilther 

elevated teaperatolro Ol' ra4f.atlon. It i.e attftbu.t$4 tel the 

loss ot integri. t7 of the Dedu:ue compoaeate ratber thaD. d.e­

D&turatlon of prote1Dth !he etflu ot betacytmia has been . / 
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tekoa as an ilfdoz to aaaun tbe damage oocmre4 to the cell 

af.llbraDe either 4ue to elevated temperat.ures or hlffb :adiaU.ou. 
I 

the 4amase vas more prODou.nced aen the tlesuea were hoate4 

tor a abort peft.od at high temperaturoe or at low teaperatuJ"etJ 

tor longel' peao«a. to a certain extent at low tem1.'erature 

the damap ocouned to the ••tu•qe lA repaimble ad rever­

ot.ble and thua etHos bftll88 an elastlc etrtd.B. !'his revel'­

et.ble ohanee J.e attribu.te4 to the ll:pld .mase transl Uons fr011 

CJ7&talltne to Uq,Ui4 CJ7etall1ne atate. lftlo.reaa at hf.gber 

toml)ozoatures the 4aaage o~ the mlllbrane beeceee lrreveretble 

and the etresu pttalu.oee a plastic strata. so tbe 4amaae at 

higher temperatures .-. be due to et ther eaceaal ve tlUldl ty ot 

the 11 plde leadi.ZJR to diaruptl OD of tbe 11 p1d bil47or or de­

natu.rati. on· an<l acgregat1cm of the oellbnae protelna lead.iq to 



bolea itA the aelibran~. fte ue111brano 'Peraeabf.U tr aer 

be tneventb17 ct-se4 wheD ta:raaUon of agresate4 .Protetaa 

re•lt 81"oa chm&tul'e4 trotetne. 

'l'laauee were alao abJeotect to (-trrattattoa tor 2 

mtwtea to :; houre with a dose rate ot ,.m 1-: n4e/lli!Plte. 

Lower t!oeee ne found in ettecttve to daa,e the I!UIII!bi'Gae. 

~'rom·. a dose ot 489 K. rrute or:nrarde, the doae vu ftR&n4 . to be . 
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4!ffect1ve 1n 4auaclDB the meabrane pereeablUtt tnataatane011el.Y• . 

fbe damage van more Wbea tbe tteaue. al1oee vere lzra41.ate4""~ b~ 
~~~b~.. . . 

fheftllal duaa• or ra«la tton d~U~Bge to certain estent 

ca. be prevonte4 or dele.Jed bl mtal11c oauou lltc. caleta, 

etno. aapee1um ·alld le&4 1ou. a.at the nature .of the metaUJ.c 

eatton. lta tome atnqth CJl4 tta l'd.Ddtng etnqth to the 

OQiponenta ot the Jteabraae are important properttee tbat an 

to be OOD:s14ere4 Ia order to achleve •alarua pratectf.OA· agataat 

the mal ·damage Ol' radia t1 on d.auce ot cell aetibftllee.. so d$ 

eucb spat etch pnventa OJ" 4ela,ra the 4&MBtt to occur_, 

pla.r a deotatve Hle :t.n knpt.JUt cella aU.v~ 4urinq '' tft'POI'af7 

peno4 at elevated temperatures or radiation. 

!he natue of the bindJ.DS ot the metallic cat1ona to 

the irltaot merlbhh cCIIIpontmte e.M the exact aecbanla or heat 

or ractlatiOD on the HVereible and lrr.everelble chaagu in 

uabrane cbaraetonstS.ce ia not o1.-r17 boa. ast tor tev 

reports DO 4etlftlte eeohanlsms btlve been ontabU .. ehed. aa to 
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how thel'llostabt11MtiOD or ettect on the radl.atiOD irutuoed 
. . ·~~0~ 

daaase ot membmne pboaphollplcle or potet.nsi:··'.ltiel!'e ar• few 

hl)orta 1b ere cations like calctua have boell eboe ae ... 



58 

t. AluaUHt, v.. t '•, CUrrellt'e Mod. Bl.ol. ts, J6,_ ~6( t969) • 

a. Baker, r.s.,. Effect of exoeaalve17 hlp tnpentu~-ea oe 
ccmif'CI"'lle l"eproctuotl.on, J. Ponat. %1, 949-9?5( t929) • 

S. Bttll80Dt A..A. • stases-, s.1., oa tho odefttaUOD ot Upl.4a 
ta ddwoplaet• aD! oell aeabraate, J. Ame~. Oil 
Cbe soo •• ,, 265-21o( t966). 

4• Blebl, R. Q Pape, a., lcmtQea Stnhlea td.dalagell at ketn­

aelldtm Vels•n• Oaten. Bot.z. 981 36t-JS2(t95t). 

5• B1eb1, lt. A Uttl, v., Vbt8'such~gen uber Sthhlen SChute 

6. • 

a ptlaesell•aellea, pi'Otoplaaa, 6TO.?OO( t963&). 

k . • , •. Cbe.ieal ractle.t,t.on proteotf.on aaaf.nat 
4aeapa lD tbe o.rtoplaft and the. rmclel t.D plaet 

(A&Y.a~) cell.,, a- ed -1rnd1att.on, AtOll• 

, ...... 14t 302-~5( t968). 

1 • Bopn, B .1., Uftter Qachuagen \lber Sl tMto4 \Ultl Hit Be l'eld.ateftt! 

pn.azUCbel" Pl'OtoDlaate,flatlta. "• 298-,.0( t948) • 
. 

s. Capaldi, A.ll., A 4rneaic ao4e1 ot cell ••baau. Sol. 

Aaft"le:m. 250, 27-,3( t914). 

g. Chapaaa, -D., Effect of heat oo ll!flllbrene tm4 ~at~brae. consti­

tuent• in the 'Jhenoblo1o&V eA •. br Ron. A•lll•t Aca4emto 
P:r•.e end ••• ton, ( t961}. 

to. .-·~.:· ___ , •• A Willtame, R.H. A Latl\ttooke, B.D •• Bioch••· 

BlopbJe. R••· con. 44. 644( t91t). 

tt. Chvapil, "·• ••• A•peote in the Dlo1oatca1 role ot lbet A 
etabiUaer ot caoroeoleculee aDd Biological mtabRD.fJih 

JA.t• Sctccea. ''' t04 t-1049( 191'). 

t2. J.')tude11. l.v •• ChapJ•l• w .• a .• a Cbcuch. s.s., Bttect ot ab­
letbal t .. peratus-es em plaat o•U•• Plaid Phrslol. 441 

t684-1689(t969). 



''· J)&Yaoa. a.,. Dlfiielll, l.v •••• peaeatdlltJ ot Jf&tural 
Meabftl.lee•• 2Dit ea. Caal)Jlldgo tJld.V Pre.,, Loa4oa a 
Rev fo$ . ( t9S2) •. 

59 

t4. cle G-lel', Ed., Peraoaal o0811Dft1cat.in quote« ta the obapter 
0 th• lftect of hMt oa .-bra.• aat aeb~l1'! ooutt­

tv.tnta• bJ" »· Cba,_n la a.t!18&e!Ml 84. bJ' .t.R • 
. Roao ( 196?). 

15. Bchpd.l., a.l. A ltaaaq, L.W., Lo•a of elOetrol,.tea aDS alfto­
aci4tt ftoa Ouma•11'ft4.t.ate4 canota, :Ra4. au. 4,, 
5?2.718( mo). 

t6. SllselDBrZ. D • .,.~ l•D¥ Uttn.ctlon atdt.ea on phaae 'tftllal• 
Uoaa in the ··~·of aemrllatJ;· WOJ!nd.t. l. 
Mol. !tel. 4?, 1t5-tt7(t910). 

t'l •. Po:a, c.r., 9.'b• •tnotl~J'e of ceU llftlbftJftea, SOl .• am. 226, 
so-sse ,912). 

18• hadblt G. a &opt, a.s.. the Pbl'a:l.olollcal actl.cm ef abno.,_ 
aaJ.l,r b!p teperat\wea on poi1d.J.eib..l e aoimaJ.D-:1 

Y~t1P'• aU,taUoo aDS the aecne ot. satu~tica ot 
JhH1lb01iplda, JU.och•· z. Mt to85-t01)2( 1940). 

tt. hallOo, c.a •• Leaao ao colo 4o cateell'O c••a. pelo col&r, 
Ba«atltta. 20, 645-692( tg6t). 

20. Pft.olte, a. 8t BU'tt £.1., "Chaioal Doalaet:'l", in Bd.iatloa 
4ot!a•t17 (B. Attriz & v.o. B.oeaob, ca.). Aea4.S.o 
Proae • .lev toa, Chapter t2(tS'.gr). 

21. 'hi•• c.».. U..4ia, •· • '!'he ftP14 1Jltesx1rc ot ee·11 martaoo 
anUt:ttM aft•• toaaUoa ot Jtou• nuaao aeteroJcal',fallS, 

1. cell· sct.. '• ''9-»5(1910). 

22.t. Gal'f•Dobct, c.ti, stteot of ca* oa thO ate• abt atm-electmlyte 
perecabtll t,r or pbuaphoUp14e ._blu.•.• Ia tun, 2281 

t10t•U02( t910) ,. 



2J• Gltler1 C•t PJaat10lt7 of biologlcal a«abi'Uee, Antl• 

aev. mOJhr•• • BioeD«rS• t. 5t-84( t912). 

24. OJ"Odet.utcll, D.R., Plant Blophyaloa, Janel P~osa-amae te 

ecS•f.lUfto tftlUla tlOf1ll ( t9?6) • 

25• Hauaer, 8 •• Chtqaa11, D. a Davaoa, a.w.c •• Pllgeloal atudlee 
ot PboepboUplda. 11. Ca.,. btaaea to aoaol.qera of 

Jhoauhot14.v1 eettee mt4 pboepb.otlqliaosS.tol, Dio­

••• BloPhV•• Aota. 120, 103(t9GJ). 
' 

26. ."u.Moo;.· ---·•• Lmne, B.A. A wt1Uaaa, Bd'd., tatezaettoa of 
tou dtb aembraaea, ms. Deoteber, 2?B-28t( t916). 

2T. Rowell, a. a GolJ.Ioe, P.l., A«<'Oft• ·1. 49, 59'( 1951) • 

28. Suber, n ••. ,_. Walllebaualaal"t 4er pftaat:eJI Batunt.ae, Laa4• 
wldf:ieh· 11, 148( ,,,,,. 

29• •t Blftt!O CNG4tnpa 4811 tf&N bq,ldlalt.l 4GI' ptlaaAD 

1. Me fnaohe der hoben flalckDICI.tehfnperatureD, 

let'• »erat. Dot. Oea 50. 68·?6( t9R). 

50. ld'laatoa, P.v. a aoota, a.z •• c..,. Jlocbea. Pli.,relol. u, 
, .. ,964). 

J1. ltftlll8t M.t., leot.atance of Blue grae11 alpe to 60co cnaa 
Mdiet&oa. Ra4latloa Jot. 9, 49t-489(t969). 

,2. l:retataeft• '8.11., Caloi,..Blfttliq protobs, ;&rm• Ret'• 81.o­

••• 4.9, 2JJ-266( 1916). 

J3• Leollf'll'd, I. a Sift(ter, s.1. • PJ"'t•t.n coatolll&tioa ia ce1l 
aaabaae~ Pftpsratt.ou ae etua.oa b' optical rotato17 
df.epebicm entt ei!CU~ar dl.ehl'ol.aaw PJIOO. kt1. Aoact. 
sos. oa. 56. t828-18J5( t966). 

'4· Lepeaohkln,. v.v. • a&r ltetmtftle 4er SiaWOJl:DDC &apaaadaaler 

t•J&t"atuna emt ale pfl.Bn£•~ De•• Det. Bothrh 30, 
10,.104( t9t2). 



''· .Lepeaobld.a,. v.w., rar &eftfttrd.e 4ea llltd~Oaea «• ·' 
protoplU!!Ba', Protoplaama •' 2,, · Jit-'566('19,5) • 

"· Levttt, z., A &Ult-IIJ'4'!71 Maulftde h;rpotheslti of host 
i~ll17 aQ4 fte18taDO• lD plaata. l. Dleort. 

; Blolog. '· _,,,..,1, 1962).. 

61 

t.ma, t .x-.tt Lee, .&.o.-, Btl'48&11, 1.1 .1., R~calte, •·'· a 
Robhsoo, l.D., 'ltle t.ateMctf.oa of rer•afllletlc lema 
·a.t QJlD J.abeia vt.th 19ol tbt.n Mkters. Bf.oeblth 

BltJbBII• Acta.., 29h 592;..60T(t91,).,, 

~. 14UDB•r• c., Oil tb.e utun ot tbe heat lesletanoe ~ 
. tboaop:b!Uo '-oten.a, fhrrd.o_l. P1aat. 2J, · '51·:564( 1910). 

"-• Lwl4e&ni'D• B., •&Uaa Ga4 Bo4ea•, ,. ea. fteeher ltma, (1949). 

40. blb.otn, t.s:•• OrgaaJ.oatS.oa ot tbe oelluJa• ••braea, 
Patt• &a lf.Oph7daa & MoJ.. BUll.• ea. bJ Butlett, I.A.V., 

ace\ IOblo, D. a, t-125( t910). 

41. lfelchotr., J).r,.., Rorcnrita, Hell., Stu.deYUt_, I .R., anhO!'lllt t.t., 
C~ol'laation ot the plat~~~& em,.. of lnnl!IID 
1!1411Jli~ Blochlm BiOJhfa• Aota. 219, tt4 (t9To). 

42• ttoo:J.r.jeo, &.1 Effect ot a-lfta4tatloa em tbe m&ftival ot 
7ead le 41'7 aDr1 wet oondltiou, Batura, t84. t502-
t50" t95J). 

4,. ttone, .DJ., A.lldD ettecte on tbe &ftl'epUcm Sllcl boat coO§I­

la&ultJ' ot qtoplante pntet.o aa4 J.ipopJ"Ctdna. 
PhJ"GI.ol• plaDt. 2S~ '58-SO( t9'10). 

44• hrieb, B., Hltaeacha4a • Wa14ptlan,.. •. Batum•• z .. Poreet. 
u. SS?-,62( 19tJ). 

45. l!rere, D.c: •• SOli• aepecte ot l'aft&tl.on ett•ote on cell .. branea, 
lioJ.. a ltedlo a1 Ptqalos • 1 '• 2t9-2,2( 1970) • 



62 

46. tU.colaoDt o.Jt. a SlltA'eJ'• S.l., Penttla oofto1usate4 pJ.aat 

aalutlld.tus oa specttte aaebb&l'i4• etatu for Slectroa 
1!1101'013001)71 Applt.ce.Uon to eaebbal'14es bcnm4 to eeU 
._bftftta, Proc. ktl. Aca4. Soie USA. 68, 942•945( tftt). 

41 • Petf.flCW 1 leS. t Rolotkovalfl', 1U .o •. a l'e4o•O'i1• P .s., DokJ.. Jlka4 

~e.utt. Btol. Set. sec. '"• t649(t964). 

48. Pollal"d, S.C •. a Weller, P.tc., laadt.ate aD4 4elafe4 etteota 
oa the ••bJ'ane of .1• .s.e11 «!no to lold.atq rattlatloa 
( AbatMot), Bad. loaeuch. Jt, 6t1( t96'f) • 

.. -49• .,. -~-·-···. a . •• Po.••· li'J'tiiUatl.cm peneabllltl' of . 
&a~t· s.t.U.. cella, -~·- B•eeafth. JS, ?22·'7•( 1968). 

50. Poovalab1 I.W. 6 CUl Leopold, A•t .lttcots _of Inorgulo salts 
oa tiOEJ\\e pen.&btU.tJ', PJ.. pbvdol •. 58e t82·t8S( t9?6). 

. . 

5t., Pol'tor, f.s., DenDlDSt lf.P. • lfr1aht, a.c .. SCott, B.w., Stfeete 

of fnetd.ns oa particulate • .,_., ot Bat llYer, J. Mol. 

Che!h !OS, GSJ-89 t( t95') •.. 

52. Pnete, a. D. a Oolctetela, J.l., YoposftPhl ot the aachbutcte 
W.114i118 altea - co:raoe:raJJ.n A &ft4 the forces tnYOl'f'e4 

1a coaplea loa, Biochatatr,r. 9t 2890-2896( 19?0). 

5'• Blsoa, a.a, &blttielct, Z .r. a You4a1e, !., laton, .182, 
,,.,., 1950). 

54. Robertson, l.D., Ift "C&llula•· Reabranu 111 DeveJ.op.e.t* (!If. 
J:,OOke etl) p.t 1 A•P•t l.t.(t964). 

55· lothaaft, BJ. A Leozaara, 1., M•bralle ASSJ1Detlf, SCleace, 195, ,.,_,53( 1917). 

56• Bouai:ha1• B., Dm Vaaehaueh&lt 4er Raochienpfiaasen, Oateft'• 
. Dot. z. 11'1, 42-50( 19JB). 

51. Shuo-loht Cbntahl., MY· 1u Biophref.~,. a, 'S( t9?6). 



63 

58:• Siepl, s.a., S'ul'ther stv.G.ea Oft f&Ct018 alfetttlft8 the 
etfluz ot ltetaqalda_ f'J'Oil beet I'OOt· . A. note oa 
U.I.Wll. etteota, l'bJ'ai.Ol• plaata~mt. 22, ,2'f.,t( ''~). 

------• .Paul& Ca=ol., PemeaJ>lU.t)r ... V1ablllt1 alatiou 
J.n plat «uaaea A aote on ~1eee leakase aD4 growth . . . . ' . . . ,. ·. . ·,. .'. .. . . 

bhi.Mti.oa ta b!ll'ft ea'bl'I'O•• Pl• eell. phret.ol. 16, 
tttt•ttssc t9?s). · · , · · · · 

GO. .,'"'---,.....:~• · 1\lftber etac!loa oa ftllllatlcm .. 0t betacp.at.a 
eftlua fi'QD beet root· Ucnea. Ca-ioa HVeralble eft'eote 

''· 
of ICl tmd ·AriaODla wate.-, 'PhJslol. · plaat~ 25, 2St-251( t9'10) • 

. - . . 

----•• • Bal,em, L.A., a-.. . effect ot bJUeJd.fJC ot C•t 
n tM •s.olo«lca1 aotlvitt ot aleobols, Proc. tfatl. Acact • 

. sd£. USA. 5t, ?65-168( t964);, 

•• ; . . . , ,..; a J)fslJ'• o. • Repla tl on of betaCJ&Id.lt ettlu fftlll . 
beet a-oot b7 po)¥ L.' l.J'.Ue, C&-iloa· ara4 otbor· mbetttme88, 
Plaftt · pbJ-Gio1• 4, t429-t4,4( t96G) • 

''· • t· Hal.pem, L • .a.., Effect• of pezod4ea oa pe111eabt.Utr 
Ql\4 th«t• •odtn.oatt.Ofttst ift4olea, vttula I ad. ~ 

n.lnttaea, Plant »bb'lllo1. 40, '192•196( 1961). 

64. • 6 Com, c., fbe1"a&1 aD4 lord.c taotore lD the ulta-
·riolet photoi7td.c of plaat oeU tJOa'til"aDeS. phrdo1. plaat­

••--• )t, 2'?-270(1914). 

6S •. Shapiro, s., lollaau, c. a &aea, 1., Ree'tlaaln of tho eftoct of 

toaln1D(f l'a41ation • SOttlua uptake ttv llu.ao el7throqtea, 

8&4• Research. 2."1 • t»-t 58( 1966) • 

66. Slqh, B.a •• ·the role ot meabl'lllles Ia Ba41ctlcm «amas• (sa Bio­
..-... Al'Chf. tect'-!H, BJ.oaeaea., Bioeaersettce eJ'll 

dlffeft!ltiDtlODt .a. Lester. Paelmr), A.P .. , LOJ!doa a 

wev toa ( 1914). 



f/1. st.as•r, S;8. 6 Blcoleoa, t ... o., tha Flul4 IO.ado aodel 

ot the atn:obn ot cell meeli:raea_. Bolaectt. t?S, 
?»JJJt( 19?2) • 

64 

68. Sft1 V., t.edl8te ard 8bort tea cuasee In oell peraeabiU.ty 

att.- .-&rradtatlcm .• Ract. aeeeai'I'Jh. 2t, 30e-Jt'( 1964). 

69. ~OI'lt t. £t.al.•• She effect of a-J.ftatiatlOD Oll the 

nlea• ot laotat• &ehJ«roseaase tr• laolatoi !bJ'mo­
qtec tl aloe, Ra4. llueai'Ob. !18, S5 t•559( 1969) • .. 

"'Oo ~erro!De, l~~cf•t BaltGI'd 6 ltob.&l'lCt P., llttll. soot. Cbt.e. 

Jtol. t2, 682(·t930). 

?le fopi"''fer, t·;, a Oltuko.. s., Ca1ci\lfi t.ou proteet beet HOt cell 

..., .. .,. aadutt thenali.i iactUr:ea ••oa•• fhJ'.t.ol.l 
pJ.-te 51t tJt•1J<.( 19?6). 

?2. 1h.tataa a Cbapaftt D., tJ'D.PQblleb.S· attltiea quoted 1n tbe 

•:aecet etu«i•• of llpiaa'by Cha,..t. »~ ia the bOOk 

Dlelogt.oal lleab1"8Dee1 . Vol. 2 ea. bJ Chapa&D, D· a 
Wallacbt PP• 90-144( t91t). 

''• Van SteYentfJClr, a.r.1~. 91e td.¢fioaaee ot caJ.ef.ua fnl tile 
appureDt pemeabi.Utf' ot cell e.et!hftDDs ani the etteota 
ot .alle~tu.tloa with otber diYaleat toa, Phgelol. pl. 

''• 54-69(1965}. 

?4. Voe·. Rippel•• P.ll. 6 :Woq, Jt.t., Beutnl ealte, the genenlltJ' 

of. tbel• ~ttects oa tho otald.U t;' ot aaonao1e4Ulazt 
coDf-.tt.ou,· S01ooe, 145, S'f'l•SOO( t964). 

?5. VroJJ.k, o:. 6 4e •1"1•••• v.s •. , l'fOtlv•llee ezpel'l.eacea su• U e• 
le' Yation cle t•pera1ala du apodlce tt•ue oolacada 
octom tat.tea au lardla Dot8ftiq11e 4'AIIeate.au, AU.Sct. 
Bot .... 6S.S5(.J9). 



16. W&llaOh. D.r., fte PJua& ll•baaa, BprlliceJWYo•lAI• 

l•w tOI'It lac. ( 1?72). 

n • Waft'ea, L.-, Oil ell, R. 6 ••• , J!. t .. llbnJaee f4 IIDI•l 

cella 1. Mothocl4t of iaolation of the 8\ll'faee 
aea1:rraua, 1. C•ll. PbJ'alol. 68, 269-28'7( t966). 

?8. iel3er, 1 •• PIOt.ctt.•• action of caJ.ola sluooste 
aplut after etteota of a-radt.etlott on ool'd.ti.a 

ot Jifi'I'P.!D .SIMI!• Ia tum ( t.oM•) • 189 • 
., ... .,,,, '961). 

?1. WCJ:lCe ~~ a OO'dll4.;ee., B•ecta ot J.oaa lou on photo­
qetOa I .ln i•olatecl cbloroplaata - stucUea oa 
reaott.on Otllter P TOO, Photfi!G'Ilthetlca. 10, 24t 
(t9?6). 

. .. 

65 


	TH790001
	TH790002
	TH790003
	TH790004
	TH790005
	TH790006
	TH790007
	TH790008
	TH790009
	TH790010
	TH790011
	TH790012
	TH790013
	TH790014
	TH790015
	TH790016
	TH790017
	TH790018
	TH790019
	TH790020
	TH790021
	TH790022
	TH790023
	TH790024
	TH790025
	TH790026
	TH790027
	TH790028
	TH790029
	TH790030
	TH790031
	TH790032
	TH790033
	TH790034
	TH790035
	TH790036
	TH790037
	TH790038
	TH790039
	TH790040
	TH790041
	TH790042
	TH790043
	TH790044
	TH790045
	TH790046
	TH790047
	TH790048
	TH790049
	TH790050
	TH790051
	TH790052
	TH790053
	TH790054
	TH790055
	TH790056
	TH790057
	TH790058
	TH790059
	TH790060
	TH790061
	TH790062
	TH790063
	TH790064
	TH790065
	TH790066
	TH790067
	TH790068
	TH790069
	TH790070
	TH790071
	TH790072
	TH790073

