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Spores of the Marburg strain of Bagillus subtilie were freed
of vegetative cell componente by lysozyme digestion, washed and sus-
pended in distilled water. They were partitioned into three exper-
imental groups: uutrm“. hydrogen fors and caleium form., Hydrogen
fora spores were prepared by equilibration im nitric acid adjusted to
e pii of 4.0 followed by resuspension in distilled water. Some of
the hydrogen form speres were suspended for several hours in 0.02 ¥
caleium acetate at pH 5.7 and resuspended in distilled water to pro-
duce calefum form spores. Willipore filter techuiques were utilized
to prepare the samples which were then equilibrated at relative hum-
idities of 10, 30, 60, and 90 at a temperature of 30° C end subse-
quently subjected to 2 X 10% erge/en? ultraviolet 1ight of 2537 A
wvavelength. Aunalysis of varfance ladicated a significant effect of
relative humidity on the UV inhibition of the colemy-forming ability
of the spoves. Lowering the relative humidity increased the UV sen-
sitivity but to s much smaller extent than is evident in the veget-
ative cells of many bacterial specles. Chemical treatmente had mo
apparent effect except at 10% r.h. where the t test indicated that
the hydrogen form was more semsitive than the untreated form.

This sensitivity cas be interpreted readily 1{f netal-water-
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ligand complexes ave radioprotective. The humidity effect supports
the conclusions of other werkers that spove water is iz equilibriua
with the enviromment and that bound water is important in the struc—

tural integrity of key macromolecules.
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utes te one oy Yoth of these resistance capacities.
by astive trapercri of caledus and othewr divalent jovs through the
Some interesting wodels have been derived frem sttempts to
mesbrans. This owplalns the demenstratad fopaptanee of hish enlelue
explain the spove's ability to withstand heat and chewmical stresses.
ion content ia the weistenarce ef hent reslstence iw ssores.
One of these models ascribes the resistance capsbilities of bacteriel
This danign is wery abtvaobive 1o hae St t sise soppatinsle
spores to a combimation of {impermesbility to weter and as avhydzous
with som@ of Whe propoded sschamises of radistion yesistance. These
interfor vegiou, the protoplast. This is sn attractive model in view
izelude the aistence of protsetive compeweds awd mechamigen for the
of the fact that heat resistance has long been linked with low water
vapald 67 radfation desaged L.
content @ evidenced by the killiag efficiency of meist haat and the
Pabh (I983) suggents thef 12 s the venovel of Bound wetes
heat vesistance of lyophilized wegetative celis. However well this
dfstirting Mhe Teructund of vieal werrossleculise, thal causos the
model accounts for wmany spore charvsecteristics, the permeability stud-
alevravieder radialion dusage I8 the weuntative cells of 2. o b o T
ies of Gerhardt and Black (1961; Black and Gerhardt, 1962) and water
aad B, apll. B¢ Turthe? propeses thet the pretective effest of a
axchange studies of Hurrell snd Seott (Nurell, 1961, 1967) indicate
compou SUEn ¢ luestrel fs due $o its repiadien beund water fa the
that neither of its basic assumptions can be walid. Spore water is
stroelEte 10 Thereby preserving its fsteprity. 1§ the bewnd veter
essentially in equilibriue with the phase outeide (Murrell and Scott,
dows plagy this Lsportset strectemm! fole. and #pors watar ie i feet
1566), and , though less hygroscopic then vegetative cells,
in emulifirten Pk e mtazoal svvivewsent, veistive husidtty wtche
show a significant affinity for water (Waldhen and Halvorsom, 1954).
s¢ erpsgtad te aave an impeet om e rediscios seopitiviey of LGaever-
Ia addition, water sorption curves for crushed smd for intact Bac-~
lal spowes i 1T Jdouw fa vagatalive calls. A2 wae provieusly mention-
illug __Qy_gs%u spores are similar, coutraindicating siznificant
#d, he pavere & 1Be hesl and vadistten vecistanos of Bugteavizl
nmgigy barriers (Neibof, Thospson, and Deitz, 1967).
Sp0TeS Ooke E5T seun o be identicel. In ovéder er empeine the pownl -
These facts are comafatent with the comtractile cortex theory
ble effeet of veletive lumfdicy op seoritivitey of sosvew to wliern-
postulated by lewis, Smell and Burr (1960) (Alderton and Small, 1963),
vighe® THLEC Sud o folurmine 1f chesdonl trectuawt desirmed to
According to this wodel, the mechanical pressure exerted by a contrset-
aledy hent dedeftivicy of stwres might be o soue woy fmvelved, the
ed cortex accounts for a low free water comteut in both sporve proto-
following exparinent van svderabes,

plast and cortex. Further, the contracted condition can be initiated
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webrnn,. Thip. awlelipp, of high ealefun
ion content in the maintenance of heat resistance in spores.

This design is wﬁ&{ax Qr?“irﬁ% P -
with some of tha ntéposed ef BRe i‘u fvr-“'mit;‘ t::. Eiaz;iﬂst ;;::".
mw&wmwfgi ui:tg’iw aub *iilis F %Y. t‘:«;.
repair of Mkﬁfiﬁw mr ave preagerad frem ?he ..'nml {reesc-

S e (1968Y Mitw rz%ts weds miﬁ?iw ::::if and
osietind B Sindbied S ial it Gt s
uleFavtotee tadtation dantgs mmfa‘:.szﬁé‘,f*ﬁm*““ ~§
and'B. cold. i’tm bsiTs, Sl t;’:um;:n&m a:;s: to

- W f& {mﬁ 260 :zx,wi m?;%:;;h ﬁ:
‘mﬁwcﬁﬁﬁ ﬁ 20%¢ mmiw: fmr e?i w';;
el B S e
HW&#“ Whgh}wﬁw’ dilee iam;:m
ial Spores as 1t does in vegetstive cells. As vas previously mention-

ed, the M’ﬂ & Wiﬁfam ei‘ the sgsm wu:’; prepered by the
everss"dosd Got stn to 54" Laeottdal tn ordart to tusmine the yosste
blé"efféct ‘of relative humidity on sensitivity of sme oot vas g
'1&ém§“%g & ueid ’?ﬁ there was oo furtber vies t; i

Bl 7 .,n\ Ing wp more Lydvesen. foovas
altér WEAL Sensitiviey of spores might be in sose way tavolved, the

Bl il 5 pater: these aye referred to s the Yeipowax
L Tiae # AR S B SO L | M et
following experiment was o
& gy skedan s souree wers ehtadeed by pleeing Wwedrosee
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speraz 4 062 ¥ palefon ssetsis 4% 88°5.7 and incwbating st 20%C

STOTAIZMG. This thestpryt wawndod mvATEERARSsession In aterile
diseilled water. Yhee; thved fores of Bavdlline subeflis FPOFRS Pers

availanis

i The organise ;-lmu ﬁnm mm the experimentation
was the Marburg strain of Bacillus subtilis (ATCC # 6051). Stock
cultures on Difeo nut¥lent agde wete Prepatad from the orisinal freeze-
éried préparation. Sbeultures vere wade on metrient agar plites snd

Cineubated at 30°C for one wesk te sllow for emtensive spovelation. -The

‘harvestad cells and sporess

ter.” Trvpsth aed lysozvme were added to the Lacterial smenemsion to
ebtain m gm and w&l respectively. The

o0 s sinpens éﬁ.?‘ém& S Mete S

6?{? 2 mf 3“:{2' Q:smt%% is mu?m“:zm 1!::.:.

vl'?w% mgua s’gs‘n van e o m&w&m&*

@m?&“m s ;

ﬁm %mm;! ig.k;mf ?E:: #llwing?nm
ﬁe%am.mmw: (1964) . Spores were suspended
in nitric acid Wﬂ“i“ of 4.0, The spores were resuspended

81y shoaphores pemgexide

ntervals i1 there was no further rise in
ot & - 'ﬁ?‘ atf iidiey: 35 3z el gnd 920 W

b
indicating that w . hﬁhsﬂ ? more hydrogen. Spores

Mnn»m anhrmeou the hydrogen
— raiszive mmuv wster
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epores in 0,02 ¥ cslctas ‘scetate at pi 5.7 and ineubating at 20°C
overnight. This trestwent was followed by vesuspemsion In aterile
dietilled water. Thue, three forms of Bacillus subtilis spores were
available for experimentation: watreated, hydvogen form, and cal~
sheictapase irradiated ou the Fllters for eightc seconds while belng ve-
tafined in :.?ne-.v dry bos gt t"aé gpoctified husidivy., The tetal dess ad-

winleterad was 2 ¥ 1 ?m Tha U

TR/ on” Y done Yas sessuryed by meons

- e filter techniques employing €5 type filters
of 2 Blsk-Bay uitvavisler ixtonsity meter, nodel § J-225.

of G.Wmm-mdaannwdﬂummid out. Each
filerstion utilized o ten milliliter mliguet of = 50 spore/sl dflution
of the ebpembipalr:cdtotion, e Filtery were veneved Trom the dev

box and placed on peiriest neds cengh of =l Lhad besy ssilad #ith

tve @l aliceets of Seuk, ‘a--ﬂrmt{ wartrient Em& Thase vore thae

&me.nhquﬁlﬁytumt»dutbm thermo-
incibated fus oightesn wers ot 34,

-taunnnl.mmmcﬁ 15 watt germicidal UV lamp
Tlitaes weve then slaged e pads saturaied wisth mathplene Blus,

anmxmzamnmaamm.unnm.m
followiag the sugpestnd 1) ipere tagmige (1209, Vislbie colomies
irradiation. The dry box and contents were sterilized by meams of
were countod with the eld oi ¢ steavesseore 8 o wsedtTiestiey of 202,
the UV lamp.
Husidities were controlled by inclusion of the fellowing in

the dry box: |

102 relative humidity: phosphorus pentoxide

30% relative h-u!ty! 35.3Z NaOH and r,o,

60% relative humidity: 24.77 HaOH

90% velative humidity: water

Fluctuation of humidity was within 2% r.h., and the dry box temper-
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ature was maintained at 30°C. Relative humidity was wessured with a
Springfield humidity geuge. 1 . oAl

Filters with speres weve equilibrated in the dry box at speeif-
Eitect of Bwstdities
ied humidities for 48 hours. unm the equilibretion
e A8 vesults are given fn Laxas of pmresnt &‘M‘m{"’“ ”‘
spores were irzadisted on the filters for eight seconds while being re-

sitemrioler irradisted spores as cospurad fo non-igradlatad svorie

nmumaymum.mum
mﬂtmi&m’%y} mwuﬁ;ﬂn«iw@ﬁﬁfu

114y s fors Mm‘m.
of a Iﬁ-l. ultraviolet intensity weter, wodel # J-225.,
"tsim Shemstion at tizher ralative 'amidigies wao greuter

mm ot lewer mm Theee rewviis axe
MAmmmmm ot
box ﬁ MM wmamw el el by
. ‘Theséwere then
mmmm sot wighdfioest - (Teble 1) .

244 of a stereoscops at s wagnification of 0%,
xt BOY and WR Gacaectroust stewiflenct difievancen L3 sll zacar

atn et B e Uibervale. Siluees 0T BuE Pt ¢ and 502

Wsie 47 Purh wighd Picant enedet o the &sleiem forn. The

wagdah 1584 o Wi epboter fopw dste at SOK weas quite lavge. This

t5 wvedddy suedpes be Peble T1.



TARE 1

Pradabilicy of &wl&aivalix:iﬁiigge,’&@ & Bizaificent
Fector in the % Cornical?™ o Lroated, Bpdvegen

Fors and Caleium Forw Basillus subtilie Spoves

Effect of Bumidisies

S it
o e et

”‘ola"ﬂl results ave given in terms of mm .ammsn .e
Probabilit
: t-_n.urirrediat.i BROTOS

- rewe

108 - 603 az;
Colony t*nniu at higher nhttn humidities vhn mn

108 ~ S0 gas ﬁ}é‘
than at lower dities for all mu These are
308 - 6% 523 ] 8,
swmmarized in 1. To only one imstance (untreated spores st
302 - oe8 A08 223

ty) vas the mean perceat tuﬂ&‘& indicated by

maey. In this ‘case, the test

e A 5 et g e e i
B e e S e 5 il i

indicated thet mmwm eignificent (Tabla I).

In addition, it may be noted Chat the same interval im the other
Mpan Survivel of Ulpg ~stepd flcant difference.
Mdb BT DECiLine eybliils Spores et Diffevent

clactve Mitia “ m at 108 relative humidity with that

st S s e s it .

; large. Thi
vapiability of the calefum form data at 30X ﬁrmefms g
1y, swident i Table II. 480

.b)7 .!:‘3&-
B | AR oW . 55G 633 - 343 04

The &4 s 908 fetervel wae sigeificantly different enly ia

the csisfaee Tagee.
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TABLE 1

Probability of Relative Humidity Being = Significant
Factor in the X Cermination of Untreated, Hydrogen

Torm and Caleium Porm Bacillus subtilis Spores

Pelative

Humidities Probability

Compared e — I —

Untreated Hydrogen form Calcium form

> ..i‘éio-,:u.ié-i,m-.n...g . Soyinn. “‘;‘;4‘.:._..‘..“. i A S D a«.‘.:_‘.,_ - ..»««»M;,:.;:.... st s o

102 - 60% .025 001 .005

10: - 90: .025 oool 0001

30: - 50: -905 .05 n.S.

302 - 90X 005 025 N.8.

60: - 901 u‘.c n.'- 0005

AP S A S IS P A1

TABLE II

Mean Survivasl of Uitravieolet Irradisted Untreated, Hydrogen
Yore and Caleium Pore Bacillus subtilis Spores at Different
Relative Humiditiecs

Relative | = ﬂm“mu:. Treatment : it
Humidity Uncronged Hydrogen form Calcium form
¥ean St.Errer Mean St.Ervor Yean St.Error
102 .372 012 313 017 .358 017
30z .338 015 A0S 042 437 040
60% A0 030 . 535 037 LAE0D 016
90Z { 492 .037 550 .033 3543 014

The 60 to 90% interval was significantly differenmt only in

y the calcium form.
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Lffegt of Treatuents

The results above sugcest that there is some differeuce in
tolony’ formatiou due to treatment. However, when t test comparisoms
between trestments at any glven relative humidity are made, only at
102 relative humidity between untreated sad hydrogen form spores
30@ a significant difference appear. Amalysis of Variance does
indicate a difference due to trestuents, but not as significant as
that due to difference in relative humidity (Table IIX).

TABLIE 111
Analysis of Varlance of ¥ Gersimation of Ultravielet

Irradiated Untreated, Hydrogen Form and Caleium Torm
Bacillus subtilis Spores at Diffevent Relative Humiditiee

Sources of vmuﬁ 58 daf s
Total 8307 76 -
Humidities 4194 - «1398%
Treatments -0511 2 025504
Interaction D449 6 0074
Error »3153 63 JO04E

" #Significent at 1%
*e5ignificant at 1X
A given treatment does not consistently increase or decrease the 1
germination over that of the untrested at all relative humidities.

This con be seen veadily in Pigure 2.




Interaction hetween treatments and hunidities 1s contra-

indicated.
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' The futreduction sstablishes 2 basis for baileving thet the
vater content of ‘apores can be varied. This supposition is sup-
‘ported by the fact that there sre sisalffcast relative humidity
effocts on the eolony-forning sbilfty of ultravielet irradisted
the amount or kind of damage doue at that wavelangth or the effi-
ciency of a repair mechanism operating on one or more classes of

“'. . masronclecular eonfigursetlion. bone woriers dissian wstey
151w Lokl SV SV e WY The
energy of an sbgorbed photon must u&dy qu !iw uﬂmtu mrgy

¥ wd ¢
p e

for sowe allewed excited state of the moleculs. ed, the
energy may be dissipsted in different ﬁﬁ*"ﬁ&d’:ﬁ.‘%ﬁm&ix“
deexcttation”. This internal conversion may be able to supply the

ton. Wavelength will then fofiuencs the amount and kind of photo-

be affected by the conformstion, coneontfation and arrsngement of
the “target” molecules, and therefore by the phyeical comdition of
the environment. The phvsical envirooment also affeécts the aﬁiiiey
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set of conditions, and upon the ability of the system to repair the
photochenical lesions. Photoproducts likely to be formed under the
conditions of the experiment include water addition products,

. ¥ater addition products inelude hydrates of eytosime and =
during replication and transcription the formation of pyrimidine
also more veadily produced in denatured DEA aud therefore way assume
addition products as important centributors to cell imactivation
(1965) suggests that this is an uovarranted cosclusion in view of
the possibility that the temperatures mecessary for the reversal may
be damaging to the eell. The fact that chenical texicity, including
tion; but it 48 not necessarily smong the wost importast of the
possible mechanisns invelved.

The importance of the role of thymine dimerizatiom in cell
inactivation by ultravielet light has been empheeized by a susber




“;, R S m
tively laes Mruu tm
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?:’?.‘uﬂm m in m;q ‘«m Mmg 3.::“ mnts :he

mmn«iqautmnm ?&3&4 Bartwumn w m % !1: e

with a high thymine-adenine content (Haynes, 1964) hniaudu
faf study of the hpigstion of J8A found thet o trmasitien frow a

B

thymine dimerization. It is motable that the tyve of thymine dimer
low v.h. §2 & high %%, helisel m.twa mwawmﬁ

. %sx g.g. ‘thonwtd tu thar zhmmm:%mim
wm c.l:i?:rm& m;ttg@a of m%u a&xmml g t.hnt
' ne dimer while the ive cell w.:

‘sites md “ apen the

tty ‘l‘!n iﬂtlﬁ:ﬂ«} méuﬁm

:ightly and gn m‘rm are MN with & m::nm
re DA mdmm The

t
w

Mq m MW“W
chamd

fomed and thts co -nnhuf - m,.‘:mm

vi .io?u indicate killing eff n%ot
u?hm u: Mmmanﬁ is 1

;R. mhmdm-mma ‘azetane
tent with Puls's finding theg, lhu cemmeinion fros iow w.h, be high

:.h.‘.“zdim gg‘n:«m o!&n 1969), stwoen g Ws. 3 'm

blﬂuﬁn
mgu 1 WM: 2’:.

anx r.k, would prowu "ﬂ‘” n\nrb-(bd Lo ?d’i groupe to fob

‘“’gm cﬂ ¥ u?. wibering bmn. "‘3%&‘3%‘&: m

'usou agm the mﬂmﬂ:iﬂm of D94 and thet its geafi-

mwm fon of the agetane type
guration detevwines tha tstuye of mtwmta gm!‘.f' tis

spores s associsted with the A murmnm of DHA vhich s rela-
plounible that relstive hesidity ation may cswse sose chasge in
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shotoproducts sswociated with the (B4 of frvedisted apoves. This

tively less hydrated than the B fors found in m Vagetative eells
(swich and Henewalt, 1969), The asetane dimer is sleo found after
&“%%%%%4‘ NA in fromen solution, TFresaing aleq affects the
macromolecular configuration,  Falk, Hartwan and Lord (19€3), in o
nfrared study of the hydration of DSA. s"-& that s trsasition fyem a
dow £.h. to a high. T.h, helical fors of DA occure between about 60
And 133 c.h, The study fodicst m%%ﬁm K R K N
rely upon the correct pesitientng of bound water melecules. and chat
the macrowolecular sites hydrated do depend upen the level of rela-
_tive hustdicy, The first molecules to be sdsorbed ars held most
&%xy.umm-mmwm.xﬂmw
“"“?hmh%?%iﬁ%s' M ﬁ&gg"‘%e &‘pﬁ%‘?}f’“"
Jiydrated groups ere POz~ Ne%,0-C-0 eud P-0-P, The C-0 sroups and ring
[sitrogens becose hydrated sbove 65%., Rahn end Hosszy (1969), i
_studies of the photochemtstry of DHA filus fownd thet the ghote-
mmmm [abeve 65% r.h, resembles thet of THA 1n,solutien
vith foy 1f 87,470t odyets being forsed, This is couste-
z-mtsa'm% w thet the transition from loy r.h, to high

euawwﬁw 53 a8 G M:ﬁ&?q‘ !mm-!"
mumw [hat the couformationa) chauges 1w WA ?@.,.

< m\su%s_ in, %@%gﬂ'ﬁa&%ﬂe [ m«? m:«
wam products of neighborisg mmmr&r E the sridense.
[that hydration affects the configuration of Qﬂ‘ﬁ Shat fte canti-
guration deterines the nature of ghotoproducts formed, it is

plausible that relative humidity variation may cause some change in
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photoproducts mwue-d with the ma of irrvadiated spores. This
surcansiul. The graedsr hy degves of debvdritise, the higher e
could contribute tn an increased miuﬁ.w of m to ultraviolet
pretabhiidty whet 2 proped seovivstation of Saber npdletules oo o
mm at low mausu. provided that the Imx r.h. causes a
srove fumebivssl cenlizvestion cun ot otowy. I cobss fessille
departure from the A m!iguutiu of the m u mny M in

Loat ¢tEw i"‘sli? s '15"”?3" ’w,étwff -;?? W Y 1*&}_‘ ;a'§2 ~dg4a:%- ha

spores to a more distorted configuration. nu - m crosslinke are

segrae s¥ vosowelry srhieged,

mmummmnewumu under cenditions not

Basasas e action Sty 4f witravioiag 1ighe sptl o

favoring the mlon of the mkbttm type of dimer. muu and

s ' 2 aﬂa »uk«, e ;,,;7“4'3;%:4 ‘i‘”.!w ;»;‘».,ﬁ. T %5 "f“'**; Hemghr e o iy
» Hirk

Doty found that more malm: are m-d in partly dmtnud DHA
vReE 2 he maiar ;*;?'“7 e af s L&»ﬁ‘g-ﬁq; 1oy »?ir,.grfg,yv\ Yoty uid W ! a
unliess denaturatien has mmd to m point where tu'nl ma-
radfatviong o E8A €2 S, Hapaver . Holarss awd "T“.,‘uz 4"
mtou begins (Mosely, 1968). Under ordimary einmtum thu typc
Lhe guantus vields fer the fnaertvistion of suclete p4lds
ot phamMux xcﬂ.n is not likely to be of bi.ohgtul aimti-*
lans than for ih v fhatt vt ian of “1f§"“*i»5 in s"‘“”‘f the o L ot
cance. A
poler bsercivity wnd Mhe guatber vislde for prateiss st 2537 2
Ultraviolet radiation has » denaturing effeet on proteia.
9?'#":‘;’“‘*“%2*} w7 "&ﬂiﬁ»& g that o9 aueidlc arlds,. Tule sBdwapts 83
Bound water is attached tonmhnlmmbykymm -ut
sretein feacnivet f6u plave 2 laves? vels In the Yislagiesl affeice
M!mnmuntmumtm munsz«nu:a-
of UV Chae i deplied B the praicninense of Tsade¥eh of TV
cludes thet which is attached more locsely by d:l,cla nztmun.
soid fmverpcipien fidivtegait Y. ,.~~r**r,=§ﬁ Aensturgdion sy Mot

Ultraviolet radiation m m hy“agu bonds and cause the m—

dtvontlyd thp gadioreainianng 8% £ B M;ﬁ‘*gv.%\ Y evertes B Its seesedn.

asure of hydrophobic snun. l'm of the protein hydration is dus
tfons with sosiats sefd. Peavdew ad Progtidee {19877 nete thas
to the "squeesing” of water betwees hydrophobic groups. The
cveapistide dessye 1% quite foportant becsusre this eobsils igiary te
breakage of hﬂm bonde and the muitium of bytmmu

rapaly svetons o NA. The ojude mmancfarion of histenen with

=

mn can be oxpected to affect the state of hy&m;on of the pro-
SHA aasthiy o crassitingios B heTdeas . sould tan nake the aom

tein molecule, its structure and its nuelv!.ty uuk neighboring
"2“ AR ER W voN .\ﬁﬁvii‘ﬁ.? S e e s g’na g ?ﬂx VJ?V L &,4 3&\9& £

molecules. mmry wm una be dependent upen the proper oriem-
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tation of water u&m a.hriu; vehydrestion. The Mmca tonding
in venabative ¢fils, sue PFidlasda vy wlotifleans pffent -

sfter water loos mey determine vhether or not ﬁm.cm will be




~20-

succossful. The greater the degree of debydration, the higher the
probability that & proper veorientation of water molecules to re-
store functienal eonfiguration can not occur. Tt seems feasible
that the velstive avallab{lity of water molscules w111 Sreest’ the
" Becwuse the setfon spestrum of ultravislet 1ipht mnd the

nuclofe asld sbsorption spactrum are sistlar, many resssrchers
azefzn the mafor rela af bislosiesl {asetivetion by altravislet
radiation to DEA damaze, Mowever, Mclaren sad Shugaer (1964) nnte
that the quantes vialds for the fnsctivation of muelefe seids are
wolaf absorprivity nd the quantus ylelde for proteins at 2537 A is
ovprentaiealy ‘exeal §o-tNae” 08 HadLEle BELHS, THYG "wiligheta Ehie
protein inactivation plavs a larger vele in the Slological affocts
of UV tham 1s implied v the predowinance of rasearch on U¥-nuclefc
acid tntorsction. Additienally, protefn denaturation may affect fo-
direetly the radioresistance of & blologlcal system Ly its assccfa-
tfons with nuelaie seid. Pavdee and Prodtfdse (1967) note that the
PR oy

DNA, poseidbly fv crosslinking DNA helices, would alse make the con-

PR
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ALviewe wars ou-thi ﬂlﬁﬂﬁ of Tarad wmatlindbey T 16 4bpudent thay

nmh, nm. This is accompanied by increased lethality. 1If

ral nhami

Fhetoy S mpat Sews Sabiagy e .0 . 488 udhns . CAsbepds

mmancmmummaumawm
& eaaasYel ) Sxpiriaeals uaing Seadiavase of calle on

fon in such a as to incresse their proximity, such eross-

il ters wlaldad vanelte cuntardlin L4 Chonoof mavosald.  Woek L

ll?l?%- s%qu%d he @ogd.
Priadnan aud Baney (1938} {ndiuotes Bhal the apowri of heeed vater

In addition to specific wolecules vhose amiuvuy te UV

tn angpeeiis

P tde Ahat of vaisBaifve 2elld akeheunh The! v Poer uater

damage wsy be {nfluenced by velative hustdity levels, low r.h. may

be eff ve

22 dntynsa Tulsy subeladedn sat e Shs hedeg-
ia the number of water moleculee available for

con Beniing Teoslressits resdldting s €ha ddpariire of wler amilgs

'?;"«t‘ig "! g et

fons. The diseipation on of energy through am H bonded

amoun® of Jancss dome Wil #&a« 2apand upan how #8faq

is an attractive possibility for the protection of

water lattice
givaly rahed vel fes takes aﬁa«mx X at Taset part of e ‘wp@ie Sontents

wmm;uum

kq macromolecules.
P wi:sgsts'y.w 4}:{'«% wesh i Hm- g tov anlasnles | rahvedrstled wET]
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uv mggﬂly. Water might provide o!fmiu protaction by dmplag

Mo csaeille dechontsn far radis-mwslagetine {8 2earet woold
or al tion of execitation energy snd/or by funmctioning
e The Y w:c anEvees oNioh e Wary *ﬂsﬁ‘tt an¥ P G s e hone

as structural M& e distertion of nucleeproteins.
prtctine 4n valaovarivd enilie i AY999) Pondd awidence Tor this,
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cheamical enviromwmeat. Welb's data for 5. marcescens amd E. coll was
abtatnad by using well washed cells in setosol. Webh Found a sigai-
fieant inerease im sensitivitv te ultroviolet vadiation as r.h. wae
lovered.  His' di€ferencos In survival Satwéeen-low and Bhigh r.h. com-
dictous were on the ordar of three magnitudes, It s apparent that
sporal sensitivity 18 much lass sublect to ¥.h. tnfluance. ‘Accord-
ing to Webb's raseareh; axperiments using wonolavera of cells on =
filters vislded rasults comparsble te those of aevosels. Work hv
Pricdmsn and Heary (1938) fudicates that the amount of Hound vater

tn anores {8 twice that of wedetative cells although thelr free vater
covitent 1n very low. If fatvacelluler substaicss satisfy the hwdvo-
gen bending. W mwmﬂw ‘mole~
mmuWomm M effec-
Mwuwmw: 1 at Teast part Wﬂw sontents
are mwuumumw moleculas "W win

%a more mﬁmmamm—mmmmwmw
~~~~~ mwwmmmmmmﬁsm tn asorsd would
Se the prasence ’nm ‘aYe moTY Yeulstan® € u.w, than Muc
extrtins in vesetativa calla,  “wns (1959) faund evidence for this,
but Rowlew ant Meweosb (1964) found tha® ‘wome sriral T
aven wore semsitive than thaly cogutersarts fn wenetative calle.  This
ciggiots ‘tha¥ $v-Vhesw dmuviin; TeVTIRSS otdid ‘How e coRPLOF T
m&mﬁ'm than from an tntrinetc w“'m ‘enzymes
o mwt Samdetod wedkite W SHovws PUVNEyS L ANBIUINE WWithaniens

The hizghar sencestysticons of boend water apd protective sub-
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night be radioprotective, provided that they invelve reversihile bead-
ing amd that they stabilize wolecular configuretion; pwotecting -
onbtve 98808.% & Luar Sabhlect to thd UV saeeltisfay offecdte of low

- “Several possible ways im vhich telative humtditv.ssy fn- .-
fluence UV radiation damage have been sugpested. The actusl obe
served effect on spores is rather small in'the light of these macha-
nisus and In comparisen to effeets on vegatative eslls. Spores then
possibility ia the presence m which may atabilize the
wammumu-umuuutum !mnd

5%%.% %‘.asmts 3

m”nu(n“)muh DPA which 1s found {n high

The spove tvestwents Gsed in 2hin sxverfmesn: had Yeen showm
concentrations in spores, The comcentration of {ntracellslar sugars
by Aldeyten’ sad Susll: (1590) ¢ alffel¢ the Bveral sonritivity ¥5
way also be impertant in vadforesistance of sseres as they have heen
heet. Hvidouce that there sre separeis wethanisme for heatl sad
shown to be in such non-spore formers as E, goli (Woodside and Kocho-
radistion vsefstance ves sentisned in the imtroduction., Howeveyr this
laty, 1964). The denaturing effects of UV could be expected teo be
does not preciude the posaibility that scwe mechomiens say sstand
reduced by substances able te fore hvdrogen boude which gtabilize the
thele protective sffects to beth kinds of stvess. Aithough the
rtructure of mperomelecules. Sokeloweki et al, (1949) found evidence
analveis of vaviance vevssled the tractuents 4id oifect vadiosemsi-
that suggests inesitol does not replace water ae Webh gucgests, but
tivity, the tuet jadiceted s significent diffaresce between euly the
may hrine zhout 2 conformatior change in mecromolecules bv binding
unctreqdted &nd Lydvogen fove epcves., This ds jutevesting s the Light
st vositions adiascent to the eite of vesction. This inference arises
of Lobuass's wovk (1965) on setal-weter-ligend cowplemes in wadio-
from the finding that inoeite] lewars the temperature at which asso-
protection. He suggests thet thess subsisnces modulaie the sunovgy-
cia:icu takes plece, rather than rafsing 1. Additionally, the lower
cherge transfer o Lhe sstive eftes of useromolecules. If metel lome
muuocmmmm*.twmm.w.
participets iu the woter lsteice surrogeding sacroascieculer in such

formed during irradiation, thereby reducing insctivation.

The higher concentrations of bound water snd protective sub-




~23%-

say be the nost dmportant pevt of the spores resistande to v.v. This
system would be lows subfect to the UV senattizfag ¢ffects of low

.. than would that of vegetative cells. The overall effectiviness
b iatimatadatasns o o P Ul A

afficiengy of repair of the key wolecules.
Iaggrmiiw

#ithourh there wal iaien, the sesll eilvct of

ke mcwmaww Bad Been shown
W!M(MEM&W%W%W“W e
heat. Evidence that tbm qn separate nmechanisms for heat and

radistion resistance vas mentioned in the intreduction. However this
does not preclude the possibility that some mechanisus may extend
their protective effects to both kinds of stress. Although the
analysis of variance revealed the trestments did affect rvadicsensi-
tivity, the test indiceted a significsnt difference between culy the
untreated and hydrogen fore speres. This 1s intevesting 1w the light
of Lobwmann's work (1965) on metal-watey-ligend complexes in vadio-
protection. He suggeste that these substances wmodulate the euorgy-
charge transfer to the active sites of macromolecules. If wetal ioms
participate iu the water lattice surrounding macromolecules in such
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@ way a¢ to emhance the protective effect of the lattice, remeving

MMWMum One would also expect the protec~
tive -em to decrease at kﬁ% %ﬂtin, vhere wvater alee

is vemound mmmmm- mmm Rm af

&pers 10
incmg
pntatcies,  Tud “MAPW-&‘&WWW

wdnts and s:‘aiu!ﬁ Mﬂit‘y t!'!mg. g '
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