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A3STRACT

uJ

TXE CUTCC:EICAL ZIriCT Ci
C

T FREEZILG
. ESCHL.GCHEIA CCLI (ATCC#11

303)
by Edward F. Gritsavarce

Wnen susrencions of microorgcniesms are frozen
and thawved, different vercentages of survivors are
recovercd., Survival 1is affected by the nature of the
suspendings fluid end to the thowinz procedure., Asso

cizated with this losse in nusaber of cells is the re-

lecse of intrccellular constituents.
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tile menstruun analyzed for lealizge products,
Solutions oI monovclent cations afforded poor
recovery waerezs sclutloncs of divclent cations cave
moderate recovery. The efifect of thece cations
apvecrs to be relateld
nove on rivcocomec, Sucspensions tlhiat were slow-thawed
cave snmaller percentages of recovery than thocse that
were foet-thowed.
A relctioncsip betvwcen the nercent recovery
end the conceantrction of leelicce products was estab-
liched. Analyses shrowed the »recsence of a2 protein-
like mctericl tlousnit to be low moleculer weisht
veptides, pentoce, and & sudctance that absorbed

vltreviolet 11 U=V chbsorain~ substeance hod
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“lcroorgonisns were suspended in verilous menctirua,

o a fast- and slow-thaw, and

with the stadllizing effect they
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maxinua cozorption et 207 mu. The product was
heat-stadle, dielyzaile, and could be adsorbed oy
end recovered Ircm acilvated charcoal. Enzymatic
ascay Wwith Dovine pnancrectlc ribonuclease indicated

tiet the nrcduct wae nct LTA. Frectionztion of this

matveriel provided recovery in o lariun-coluvbe froc-

dicated the motericl to De the nucleocside zdenine.

The rcte ol color cdevelppment of the pentoce
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1a the orcinol tect

rhozphate to the nciitoce. Concentrotions of the
Dasessuserspnosnicte gave & ratio of 128181 Indi-
cutin~ tlie ccumpound to ve adenosine-5'-phosphote.
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INIRCDUCTICH

Waether or not a suspension of microorganisms has
Deen exposed to a stress, losses in viadble nuaber occur
and different numbers of survivors are obtalned. The
survivel of microorgenisns under such conditions has
been studied extensively, and meny factors have been
incrininated and consicered as contriobuting to this
rhenomenon,

When a suspension of microorganisms is introduced
into a new environment it is exposed to a variety of
physical and chemical phenomena not present before-
hand. It 1s the noture and effect of these phenomena
that are concerned with survival, and, when this
gsuspension of nicroorganisms is subjected to a stress,
tiie proslem of survival bheccmes more complex.

Under concltions of stress, bilologcical injury
to the cell results. This injury might be considered
to be due to alterations produced within the cellular
structure and metabolites. Consequently, it mizht e
ascuned that some of these elterations could be re-
versed, end if suitable means were applied, the cells
micht survive-- provided thct the injury is in a
ranze of tolerance. To increase survival, the non-

reversal injury should be reduced or eliminated.



Reccvery might apnly in principle to all chemical
and physicel injuries produced within the cell, and
restoration of viadllity nigsht constitute a repair
process, regrowth of structural elements, elimination
of toxic materials from within the cell and its en-
vironnent, or the formation of new adaptive structures.
Many of the mechanisms involved in killing and pro-
tectins, as well as the responses under various con-
ditions, are strikzingly simllar, intimeting that the
process of survival 1s related,

Probably the most extensively studied phase of
survivael 1s that of survival after exposure to freezinge.
In general, survival in the frozen state implies sur-
vival without growth. Past reviews on the effect of
cold on microorganisms list the following observationss
(1) On freezinz, a sudden mortality varying with
specles exists, (2) the number of survivors after
freezing 1is 1ndepeﬁdent of the rate of freezing,

(3) there i1s a gradual decrease in viability during
frozen storage, (4) the decrease in number during
storage 1s greater at temperatures near the freezing
point, but less at lower texperatures and is lowest
below -20 €, (5) death, or loss in viability, is
usually greatési during the freezing process but 1is
less during storage., Desplite the volume of literature

on this sudbject, it is difficult to find agreement



anong the investigsators as to the responsible
mecnanisn,

Associated with freezinz 1s a leakage of intra-
cellular constituents. The purpose of this study is
to characterlize the nature of the lezckage products

and to deternine its correlation with survival.



LITERATURE REVIEW

Z fects of Suspending Media

Iicroorgenisns stored in agueous suspensions
end sudjected to no overt stress demonstrated that
survival was influenced »y ccnditions. Shearer (1917)
resorted thct physiolosical salline solution was more
toxic to meningococcl than was distilled water or
1.5% LaCl solution. With studies on the mortality
of '"SBacterium coll' and 'Bacterium typhosum' Cohen
(19é2) found thot at censtant temnerature in un-
duffered media llike dictilled water or tap water,
the mortality was variable and coincident with
apparently insignificent pd variations, but at con-
stent pH, the resistance decreased with a rise in
texperature. The tests of Sherman (1923) demonstrated
that cells from old cultures were more resistant to
brief exposures to cold, to nild heating, and the
action ol phenol. As & result of studies on salt
ection, Winslow and Falk (1923a, 1923b) reported that
low ccncentrations of iaCl and CaCl2 solutions had
no effect on E. coll after 24 hours, but higher
concentrations (0.725i1 laCl; 0.435K CaCl,) were toxic.
Wien 2oth saltis were present the elffects were additive.
was attributed to an in-

The toxic effect of CaCl

2
ability of the nicroorganism to recduce the alkalinity
of the solution in which it wes suspended.



Later, Winslow end Dclloff (1928) reported that an

onistic effect of cations upon bacterial

=}

e

renpeared only in a vedium held et pd 7.0
and that the elffects were additive in acid conditions.
Further work of inslow and laywood (1931) on the
elfects ol cations on viadility shoved that cations
had o "specific poteney™ and had a general influence
on the bacterial cell. fhis influcnce took the form
of sti-ulzsticn of viadbility (associcted with in-
creczsed permeanility) wihen it was present in low con-
ceantrations znd of inhibition (associated with de-
creasgsed permeadl lity) in hicher concentrations.
Shermen cnd Caneron (1934) demonstrated that
younr cells of 'Bacterium coli' could ve killed by

aorupt environrental chonres within the natural range

of crowth of the orgcnism. In contrast, Hershey (192%a)

'3

c
found that ‘“e phyelological state of the cells did
not influence survival, Harrison (1561) cbserved that
it did. The role of pI upon survival was consldered
when Gole (1543) observed that the eazymatic activities

cf a cell could be eltered in response to alterations

e
3

o+
oy

e nh of tihe external enviroanmnent. The pro-
duction of arino cclld decarboxyleses was stisulated
in acid pH wnile the production of deaminases was
sunpressed. Pinsky end Stokes (1S352) found thet

edaptation of enzymes was favored in agine rether



e in wirelolo~icol youth. Cool and Wills (1958)

-

eroved thct washed E. coll suspencded in rhosphate

buffer (0.1.; pd 7.0) maintained its viadility netter
thon éid unwoshed or weshed cells susnended in water,

Holcen (1955) renopted tliat incudation of Lactobdacillus

ereincsus in zheoconhate Suifer at 37 C resulted in

tre cerradation of LA &nd the susseguent releccse
of ultraviolet (UV) zorording substances into the
mediuz, Similar resultsc were odltained by lelemater,

Zeheocl, cnd laozzantl (1659) with Zzcillus me~oteriw

leacred in 0.0Cfi1 nhocvhate Huffer, vil 7.4, for 2 hours
at rocm te.rerature., Hisuchl and Uemura (1¢5¢) ob-
teined the release cof nucleotlides from yecst cells.
farrison (1S61) held cell:s of &.fferent physiolosicel
states in »hocrhote >uffer at 40 C znd followed the
locs oo vicHility. Cells from slow logr rhase cultures
survived better thcen cells from normel loc phase
cultures, eind celle Irom ctationary cshace cultures
survived best of 2ll. Strence, IZari, and Less (1681)
studied tie survivel ol cosnulations of stationary

rrowtn phose hAerosocler azeroreiies in non-nutrient

bufler, They showved tihat tiie composition of the

growta medlum, tic “hoece cf growtia, &nd tiie reriod

)

of the stctionary »pnhase influenced survivoel. Death

was preceded cnd caccomnanied oy desradation end
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e;cretion of -olrmeric cell contents (protein, rivo-
nucleic acid, polryscccharide). Strence (1961) re-

4

merted thiot tlhiese reactions degraded the anility of
tae orpeonicn to form cdapntive enzymes. The ovser-
vations of Fostrcate znd Iunter (19¢2) showed that
cocrntinuous cultures of A. serc-enes grown on a
limited supnly cf ~lycerol died linearly with tine
without crypiic ~rowin wnen cerated in »uffered
nysiclorical szline solution ot ti.e ontinum piH
and temperature. Ceath was accelerated in environ-
ments of hirher or lowver tcnicitry, in unouffered
media, at pil velues aocove T, and tenperatures
above 40 C. Decth was not attridvuted to o Treali-
dowm of the osiotic varrier, Survivael was rerzorted
greater in dense porulcticngs theoii in sparser ones.
dyin~ ponulations also shouved a rcopild breckdowm of
intrecellulcr ZUA ond the release of phcerhoate and
base fraczents into the medium; intraceilular pro-
tein was renorted derrazcded but intracellulor poly-
sacchiaiicde and Dila scarcely degraded at all. A
functional alterction of the cytonlesnlce membrane
wes assumcd to oe the czuce for the leakogre of
nucleotides frox various microorsenicsms (Ckabayashi,
1962). ~, Cuiabayeslii, Yochizoto, and Ide (1953)
noted the excretion of a concideradsle ar.ount of

adenine rioconucleolide when 3revidacterium was crowm



in & medivm contoliilis aiiino cclde as tlie nitroren
s urce.,

Several foctors influence stucdlies on the sur
T mlcroorganisue auspended in non-nutrient
scultions. Cne fcctor ics the precence of impurities
in suifers thet allow linzited growth of dacteria
(Gorvie, 1¢5%a,5). Anotlier foactor is the relezse
of Intracellulcr centents into tie mediun Dy dying
rcopuletions suprlying nutriente o tihe survivers
Fyen (1552) teried this 'eryptic crowth.' Strence
et. al. (1221) cclled it-'regrowth' and denonstrated

toct 1t coulld Ce preventel zf dialyzing the sus-

| Sad

vencion or renevins thie susrencing fluid after fil-

tration.

Effects of Zeczot

4

idcroorranicinc expoced to heat exhibit varied
responces. Currca a..d Evans (1$37) found that the
addition of =lood o flucoce tc nutrient agar or
tiie use of infuslion erar ucually Iincreased counts of
Lacteria exposed to sub-lethal docare of heat, ultra-
violet lirnt, and mercuric chloriie. Hershey (19399)

-

also ooserved a reloted resnonce when he noted that

Fal

cultures of Z. ccli tiict were ieated to teuneratures

necr tiie thermal decth point for 15 minutes cave
4

lower survivor counts on nutrient a~er thon by

cericl éllution in nutricnt broth. A contiauvous



esizicnce level in younger cells of
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E. c-11 trat were exnoced Lo heet was noticed by

razier (1¢3C) wihile cclls in the
critinic nhose cghicwed lowver resictance. Lencle
ond Jhite (1252) de.oncstreted that cells harvested
frcom Sroth cultures 0-C hours c¢ld were more sus-
ceptitle to ncevin~ &t £5 C thwan thoce from more
mature cultures. The olservation tiat bdacteria sud-

Jected to rfud-letirzl heat were more deuanding in their

elzon, 1042) lead to nosczible explanctions for
trhecze veried resnonses. Iic Ifirst wec that of
Califcie (1952) wio ncoted thot expocure to heat

Fal

cusel ¢ cenurutlion of riconucleic ccid in solublle
form Irom tic Decterla tlheot diffuséa into the suc-
nending fluid. Stran~e and S
elfects of tiherucl stiess con viability and preseanted
deta thwt tolle into ccount mony factors. They found
a ccmtlc zmilture ¢ subetances, one of which obd-
sormed ultraviolet li~ht, precent in the cucspendin
fluid after exnocure to ncat. The cddition of tiese
lecizare nrolucts to the heeted sucnencion did not
increcce the viedi ity or reccvelry ci the dacteria.
In thrs treatzent of thelr cells, Strange cnd Shon
(1904) feund thct wocoiin~ in s2lt sclutions desorbed

-

magnesium resultins in & hi~her death rete cf

e
-
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ccteria comnzred with tacteria woshed in distilled
water, Tie ed. ition of me-nceiun to the diluent in
wiilch the Dacteria were heated lorgely eliminated
the differences in therzcl recictance resultinge
from the pre-washing trectzent. A relationship ve-
tween the rates of death and of RIA derradation is
intinzoted since mornesiunm, which stadilized isolated

risccomes for llc <uillen (1952), cdecreaseld the rate

nerecce or tne survival canacity of the
cell by reversal of zlteraticns proluced withiln the
cell ccn de deoucnznirsted when cells are inactivated

with vltroeviclet irrodiotion. Liclner (1C49)

one of thc first to chow tiat strains of E. coli,

lacetliveated Hy errocure to ultraviolet irradiation,
coul? ve reactivcoted oy exporcure to normal light.
Adout the sare marnitude of recciivetion wes re-
ported :y aanderson (1951) who reactivated irradiated

E. coli with hect. Thompson, lef.erd, and Wyss (1951)

fo1led to recover Z. ccli from U=V injury oy

2ins prruvete to the cells. Thelr intention wes

to oxidize the hydroren peroxide formed during
irradiation. However, the enzyme catalacse, which

b} ]

oxidizes hycdro-en pero:ile, induced restoration



to cells ¢ E, ccll, strain i-12, lnactlvated by

stariet end Caldas, 1952).
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Zeinmets (1653) was successful in resciivating
1ls incuseted in pyruvate sclution.

In leter exncrinente Zeinmets cnd hils co-worier
(1¢24a, 1524)) found that the noct effective re-
activotion c~cnte for irradioted cells were various
metanolites belon~in~ to the tricarhoxylic acid
cycle. Auino acids, wit®h the excedtion of alanine,

re reported to nave cnly a noderate effect, Studies
on the efTfects of irracdiation of microorgenisms in
relcoticn to food nreservoticn (Erdoen, Thatcher,
and s<c Jucen, 10€1) showed tlat seasitivity wes in-
fluenced Dy tie nuture cf the suspendinc mediunm
durin~ irradletion. In a different areo of study,

-

Strrleton enéd Encle (1960) renorted thet radic-

resictance (resistzice to incctivation by x-rays)
of Z. coclil strain 2/2, narellels relctive resis-

Perzechility cefecte have Deen renorted es
ccuses for the decrease In survivael of organisms
trected with detergents, chemicals, and drying.
Slede (1S57) reported losces as grect as 99,5 when

cells of Stre=tococcus nyo~enes were treated with a

cctionic detergent cetyltrimethylamnmonium bromide.



Trece losses were eaccemmonied with the difiveicn of
anino acids, primarily lysine and glutamic acid,

1¢51) procduced a similar

+

effect in cells of L. ccli treated with ethyl sulfate.

Once more, tiaere was o decrezse in numder wiilch was
followed by an excretlon of ultraviolet abscrding
moterial into tie mediun and o decrease in intra-
cellular nnucleic acid. The 111lin> end excretion
could =e prevented by the additicn of masnesium to
the incusbatlion mediwa, It ic Interesting to ncte the
stazilizin~ effect mormesiun hos on nrotoplasts
(Weinull, 195¢6) znd on spheronlasts (Lederders, 1956;
lcuillen, 19350) sugscesting that these ions might
prctect sacteria during fre NEe
In studies with disinfectants, Wricht (1217)

)_

concluded trat the medium in which the organisna was
greown Defore beins acted upon Dy disinlectants was

much more imnortant thon the reccvery medium in de-
terzininz aoility of orgonicsms to survive. Jeocods

cnd arrils (1950) mointeined the oppocsite. Cells

£

c.a~ed by phenols continued to decrease in numver

fter beinr transferred to nutrient sroth Hut there

I

was no such decrease if the broth contazined llorit,
en activated charcoal., Later Jacob ond Earris (1951)
revorted that medla, bDoth solid end liguid, when

trezted with llorit »efore inoculstion with cells
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Ca..czed Oy pnenol, rave tetter results tihian medis

taat wesn't trected. Tiese findingss suprorted their

view that tie nedium containeld noterizls tihat were

Eff=cts of lesiccation

In trhe precervetion of ovacteria by drying,

FS

’

Stemp (1947) found that survivel rates depended unon
the zedlum used ocnd the nmethod of drying. Record and
Teylor (1980) showed that orgunicms that were dried
in sucroze solutions were subject to internal dif-
fusion pressures on reccnstitution. Such diffusion
pressures cotld ccuse disruption and death of the
ocrzanisms. Increccsed pernecdility of the cell wall
of yeast upon drying was renorted by Ebbutt (1901)
who considered tiis as of greater sicnificance as
a ccuse of loss of activity.

The most commonly uced metiwed of preserving
microorganicms is lyophilization (freeze-drying)
but this is a drastic procedure for in most in-
stonces only 2-35 of tlie organisms survive the
process. Cultures preserved in this wey hove re-
nained viable for es long &s 35 years (Engley, 1953).
The lcss in nunber 1s eattributed to cltered per-
measllity of tlie cell mentrane cnd destruction of

enzymes (Jasserien zad Honiins, 1858).
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In studies on tho curvival ol E. coli, DRecord

ead Teylor (1S53) found that a relotionship exicsted
Detween the percentare of survivors and the initial
concentrction cf orgeanisms in tixe suspension; the
more dilute the cuspension, the lower tae nercentace
o1 survivors. The dependence of survival was shown to
He due to coludle matcerial derived from the organisms
ut prctection by the material was afforded in the
dryinr ctote cnly. Clement (1S61) obtained high
survivel in frcoen and portly dried snecimens dut
vizility decreased with continued dryinz end fur-
ther losces occurred when tiie prenerations were

dry. Wagmen (1660) rresented evidence of cyto-

plasnic injury as tie primary effect of drying in

secuent cdecrease in nwacers was odtained as well ac

tiie relewse cof ultraviolet ebsoroing naterial and

cffects ¢f Ireczinc
Txe renercl topic ol tihe loss 1in viable numders

or microorgenlisns frozen in suspensions hoas Deen
reviewed extensively. Tespite an extensive study,
differences of opinion exlst among the investi-

cators as to the cause. &s 2 result, o multitude
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of thecrles liws Deen presented.

In the early work of lacfadyen andéd Rowland
(1900) a variety of orrenisns were frozen at -160 C
for 7 days and growth was obtained with every type.
flcwever, no cuantitative data were reported. Perhaps
thie earliest cuantitetive report was that of Suith

and Swincle (1905) who ovbtained up to $9.938% kill

(o}

f '3acteriua typhosun' in broth after freezing at
-17;8 C. llo increcse iﬁ vacteric in milk neld at
-9 C was ncted by mavenel, astings, and Hammar
(1910) wicreas there was a maried increacse in milk

neld a2t 0 C. Esclhicrichia ccli suspended in a variety

of liguids and frozecn ct =20 C ylelded different
percentzres ol recovery (ileith, 1513). Tap water
was rexncrted to te more lethal while milk a:..d
slycerine provided protection. The death in wzter
was consliered due to mechanical crushing. Hilliard,
Gorossicn, 2nd Stone (1915) suspenced orcranisms in
m1liz c..d susJected them to fluctuations in freezing
terperature cnd found that -15 C was nore fatal
than -2 C, Later Eilliard and Davis (151S) sus-
rvended bacteria in various nenstrua. Some sanples
were frozen and refrozen and somne were suspended

in a mediun that did nmot freeze Dut recched sud-

zero temperatures. From thelr data they concluded
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2t (1) intermittent freezing exerts a more
effective cermicidal cction tuen continuous

freezinc; (2) the reduction is lese in milk and

~

4

crezm thnan in pure tan water when freezinzs tem-

; (3) tie degree of ccld elow

fu

peratures are epplied
freezinc is not & very i.vortaent factor in the des-
tructicon of occteria. Tuere ic a criticel tempera-
ture below freezing wnere thae rernicidal effect 1is
creatly accelerczted; (4) tie cdecth rate of E. coli
is ni~her in media wnich 1s frozen solid than Lt 1s
1n the scre medla nct solid and at a sligitly lower
tezperature; (5) crystallization, prodadly resulting

in mechenical ceruching, is en ioportant cermicidel

b

or in czusing the dectn of cacteria at 0 C. The

ct

ec
createst reduction occurs rromdtly uvon freezing

and refreezinc. Paracdoxically, Senderson (1929)

suojected nacterionhore to reneated freezing and
thewins end odtain=d no loss in titer, and Smert

(1935) ooserved slicht growth in cultures of micro-
orzenlisms stored at aosout -9 C over a year, incéi-

catins thetl some biolorical cetivity is possinle,
Serry (1933) presented &ata shovinrg a decrease in
survivors of cucpencions held &t various tempera-

tures. At -20 C, a 40, decrease was found; 9935 at

-10 C, and over 997 at -2 C. Usins a variety of
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organismns end freezin: then on azar slants, Ddeefl
tea, and on sterile filter peper et teumperatures of
iguld air for one weel, Winchecster (1936) found
tiiat 211 rexzined viasle., Turner end Brayton (1c3¢)
ncted that storage temneretures of -20 C, -10 C or
werner decreeged virulence for spirociietes bHut at
a store—e termneraiure of =75 C there as no demon-
strenle locss cof virulence. Thece investigators

maintained thaot injury erises from two sets of

N

actorss tle act of freezin. cnd thewing, and the
other with storace. A more extensive study of this
2y Jeilcser end Csterud (1945) lecd them to believe
thet deatnh by freezing involves an "imnediaote"
Geetli couced oy freezing znd thawing, and a storage
deatn witicn 1s a direct function of time and tem-
perature. The mortelity due to immediete decth Dy
freczings was mariied out did not very with the in-
tensity of the freezins temnerature. Tnls immediate
deatl. cccurs at o orief stare durine which external
ice is being completed. The rate of storare deatnh
1s higher st temperctures anove =30 C.

Crnly two factors were considered dy Proom and
Hemmons (194¢) to influence the survival rate after
freezing: (1) the specles, and (2) the nature of

tne

n

ucrendins mediun., They believed that extra-

- [
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cellulcr ice cirystels pwictured tie cell wcoll end
that different species e:xliinited differences in the
strenzth of tlie cell wall, Scli:ie solution was
found to produce the greatest recduction in numbders
W

ile relatin cecreased the loss. The protection

orded 0y relctin was attriouted to the formetion

Hh

axr
of colloids ercund tiie cells thot protected the
orronisms e-oclnst canore from ice crystals,

The protectlve power provided by clycerol wes
deronctrated by meny investigators. Lovelock (1953)
obtained protection when red olood cells were frozen
in the presence of lycercl. However, he mzintained

noet clycerol was protective only when it had per-
meated tiie cell telfore freesing and it did not pro-
tect a-ainst os:zotic or tlierzial shocli.s Cells im-
persescle to glycerol are nct likely to survive
even in its presence. Hollander and well (1954)
theorized that trhe protection offered by glycerol
coeinst the eflects of freezing could be expleined
by its physical characteristics. They delieved
tihwet deatlh recsulted from mechicnical compression.
Additlional reports ca the protection by slycerol
cozne from Howard (1958) who mcintained viability
o cells frozen in glycerol and stored at -10 C
for up to § months, c.d from Quadling (1560)

who feund the [ lycerol »rovided protection for
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Xocnthononas aad no differences were found when
howinc was vaeried. Tanrucy (1959) preserved micro-
2ioloricel assey orranisms oy freezing in glycerol,

nd Heyes (1961) used it to preserve

ct
o
()

and Floodga
rcrine secteria,
Increased survivel in other menstrua hos also

D)

neen renorted Ty varlous investigators. Sculres

)

and Hartsell (1925) incdicated thzat survival was
related to sterace menstruum and that stimulatory
natericls accunulcated durins frozen storace. Sus-
pensions of organisns in lactose-phiosphote bulfer
solution hued rermcined viable for liead et. 2l.
(1260) after one year of storare at -23 C.
Several foctorrs icve been sugrested as in-
luencing survival., kajor, licDourel, and Harrison
(1c55) estored eleven species of bacteria in droth
a2t various cell conceatrations at -22 C and found
that in mest ccoses, survivel varied in proportion
to the iInitilal cell conceatration. Leter, Herrison

(1655) resorted tiat with Loctobacillus, tle per-

[0}
*s
O
C
(0]
[®]
ct
o
[o]

ceatace of survivel after a series o
freczings and thewinss was dependent upon the

initial cell comcentrction. Lion (1961) surgested
tiict loss of viebility occurred cdurins tie period

when oiyren was in contact with cells.
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ii.e srowtihh pihcse ol ti:e culture lias alsc teen

-

n ccntectilon with survivel. llorse and

(Bl

mcationed
Corter (194C) ovbcerved a lorgce incresncnt in U0

.

s growin phase vere

e

durin~ lor rphase, Cells in th
more succeptiole to hweat, cold, and U-V licht,
wiile inforaction on tire connection vetween these
activities and nucleic acid is limited, = con-

nection 1s intimcted. Toyclawa end Hollander (1956)

noted tihct

It

o coll vories in 1ts sensitivity to

cncre end reduction 1n freeziig ond tlaat cultures
in the log phoese cf growtih were nore susceptitle
tlian older cultures. Crganisms in the stationary
pii.se ol growth were reported to De comdletely
res’cstant to freezin~ in 0.3l sucrose solution
(ileynell, 19E8) and that suscentidility of crouwinc
orcenicsme ciianzed ranidly durine the emponential
crouti pnose. Ii:e resnonse was not due to the
c2illins Zn itself Sutl rejulred a suitadle dilueat
es well. The sussegucnt evidence of Gorrill and
ecileil (1520) susstantiated this view and they
clso stated thact in

enercl thie simpler the com-

~
[
rosition of the &Liluent, the more lethal 1t was.

Durins the »neriod of

-
- -

vears in walch studies
on freezin- were coalucted, 2 nuater ol theories

npeared wiiciy atte.pted to einlcin the mechaniens

L’)
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ce ¢t ece woo Lhe theory of Ceath o
crustins wihich was oronoced oy unelthh (1212) and
later o iincs (1€28) o found ac evidence to
suprort tills tlleory., Usin~ direct mewsurenrents, no
cliiises 1 size wore discernined in dicterle thet were
frczen. lcires susgested thict coasulation of proteiln
o the dectlhy of »zctericl cells cn
freccin~, murtiier evidence of ilerricon aad Cerroni

(1.27) ¢éi-counted t' e crelence cf such & tlheory

Deecavre no relotionenlp Hetween the cells and sus-

ceptisility to freezins was found. Tac lethel fector
ic ccuslilered Dy thez to ce sonmetning other tlhin

secooilenl,

ses (1227) cttrisuted the ceath of frozen
rreunoccoccl to tl.e wetivity of cutocatalytic enziucs,
nerailures, Jelser and arslss (1¢4C) proposed thet
durin:s ice formotion, tie concentration of tlhe
tie cell wos higher thon within

sclute surrouvndin

—~
[
- =

tiie Dueterizl cell end cdelyjdration tooi »lece.

Si iler recults were indicated by Harrison (155C)

e
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v
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1lerities between tlie Dehavior

of otctericl cells in Trocen anid unfrozen sclute.



M ~ ~ P Lo, e . a2
Tiie coocluzicon woo it deotly in Irozen suspension
-~ ) PP I PR N o . ~ |

os to do wiih ccuceatroticn of tiie solutes unon

-2 e o . 4 . T~
ain suport from the worik

¢ Luyet (1270) wio studied plhcse transitions occur-
rin- in azuecus sclutions at low temperctures. ile
siowved tiet In dilute colutions, solicdificatlion

tock plcce in two cterces a first in waickh the sol-

PR

Lire sclute Deccinez more con-

tie coacentrated sciution sclicdify.
llowever, tlie recsults of «zzur, =ilen, and

enlzndt (12572, 12857H>) fevor e theory of cecth

perwiuves setwecn -1Z C crnd -75 C, recoveries after
depenced upon the rate ol coclinr.
Tliicse 17inlin’e, tley ccuncluded, were counatible
with the iypotilezice tlat recovery was velated to
toe extent of intracellular freezing. '‘Wcod cad
Locenoers (1c27) resorted survivel ia yecst even

h e €0, of cellular wotcr wos {rozen.
ntrzecelluler ice wos counsicdered to e o »nre-re-

2 4 ~ -~ S S T e~ PR~
Icite to dectr curin~ clow woernines and thicce

- ~ ~

o
kS

b

o injuricus feets o

(0]

slow werzin- did so Ty rcducing tlie extent of intra-

se
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cellulcor Ifreez.n~. Later, .azur (1980) presented
inforuoticn sirenttlenins thic theory cnd neined to
dlreccunt thie theory of increcced concectration of
solute os o covce, iz Cato shnered tlct thie drod
in survivcel woas leess extencive wien the coolin~ wes
slow tnen when coolin~ wos resld. ile ccncluded that
decthh was nct tihe result orf hisnr councentretions of
sclute, I 1t were, lcarer exposures during slow

-

freezins would nrve procduccld reater dunare and

~ecoune lirpicd-protein co.nlczes :clle un cell

mentrancs, Lovelock (1C57) pronozed en cdditionel

theor;y. Since tlicce comnlexes cre ield to etlhier DY

Fal

geall cscociation f'crces instead of strons co-valent

FAT

nonds, he cttriouvted rupturing of thecse donds acs

te recult of freezin~. This was accomplisned in

(O8]

Dy (1) increczed clectrolyte concentration,
(2) cicnes in pl, porticularly 1f s»arinsly soluble
Dulferin sclts cryctollize, and (3) removal of
woter. Tilis itheory was bosed on tiie osservation

A, A TAq A bl
U.lo U METIIENlES Ol

red :lood cells lost phosnhio-
lirvid wh cuspended iIn various nolar concentrat.cns
of IlaCl solutions. A loss of soludbility was uced as

dencturation cind nunen plaste

liporrotein was Seactured whien frozen.



woarer et, &l (1¢58) cetected cncnges in the
turoidity of becterial sucpensions witn variations
cl the ocootic rressure of tlie suspendinc medium.
Thece chncnres were denendent upon thie viatility of
tiie cells. Since heatin~s and freezing-thawing re-
cuced Hotnh vicoility end the opticd eflect, tle
relucticn wes ctiributed Lo osumotic pressure clhianres
consezuent to freezing. Sretz and Fartsell (1¢59)
osserved that come ducteria showed osinotic sensi-
tivity ('osrocenzitivity') after freezing and

thawins since populatlons gave greater recoveries

dinary buffer sclutions. Since matericls such as
the dianines of lager (195C), which protect os=-
nmoticelly frarile orcenisms, are liltely to be pre-
sent in & ricll mediuz as opnocsed to a zinincl me-
diwa, osmosensitivity micht provide en expleneation
fer metadolic injury. Unfortunately, Postcate and
Hunter (1961, 1$932,9) could not dezonstrate this

optical effect in sucsnensions of Aeronacter a:nd

b
[o}

their Ti:

ings were incompativle with the view

that the lethal effects of freezins were connected

with oszotic shccel.
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TroD tie et

sugrested Oy Hortsell

tiiet scze syntliesis 1s

freezinz- teil.>craitures

4
v

soculd accuwrulate

o a
=g

d lcter

i1solcted. T2

5

~

tenehle tiheory wos thct

(125¢). Fiom the assunption
nocsiole even ot sud-
(Smert, 1535), products

e cells are neld in storcge

a
-

resented the foundation

and lc s D
for the theory tihat freezing cauces "metanolic
injury" to microorginisis. Strale and Stokes (195¢)
sunnorted tiliis theory with tiie obdservation that

cecld injury was lzaifested by an increcse in nu-
tritionzl rejuirexzcnts, cnd that tlhe active sub-
stince rejuired oy injured cells was peptices.
Ti.ls was &lco demcastroted Ly 3retz and Zase (1SG60)
with srecter reccveries of cells cn complete media
mon on minimal edlio, The mecianisa that micht
expliin thicz rejulrec.ent was iIndirectly surrested
ny .ialelestas (1S€0). Ia orcteria, cells that hove
exivended one csuzesirate in the growtin medliuz are
eanscred in procducins cnn inducisle enczyize for the

utilizction of cncther. Thls "metabolic injury"

can ve exnlalned as o resuvlt ol protein turnover.
is tleory wos strenctlzencd Dy the results 3retz
(1¢ renorted. e dicccunted tle tieories cof

" .2 7 - P | I T | IR oy ~ "
nechaaiical cruclhiins” cnd Tconceatrated sclute

ae well, when ne cicerved that E. coll lfrozen on
me:xdrune dlscs or celloplicne gave gimilor recponces
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s cells in Troccll cusnenzica. inere was on increace

tiie method of storare

Lot}

'dless

6]

o)

gn

survivel ol cells rerar

~

waiich fiilied an intelractlon bDetween cells prior 1o

freezing.

Arpci (1362) iadicated that non-lethal mecta-
D0lic freezing was reloted with tiline, temnerature,
and the noture cnd DI of tie suedending fluid., The
»ole ol tlie suszendln cid recovery medium uzon sur-

ey e PR - . -~ - L & TN ST
Jivel wlter Ireezling woas ciicwn DY alilaoura an

Zewson (1502) and supnoxted the view that freezing

;g

clters tie nutritional regulrements of zicroorganicms
Acczocicted witll protein turnover 1s a suoseguent

4

tuinove. of IithA. lizadclstaxz (1960) reroxrted that tle
instesllity of I4A seecied WO se & censecuence of
stoppin~ srowiii, Lnder ccindlitions of sterveation,

~roete eltler Hecuuce there

tne rivocoics dilsinte
18 & decrecce in the conceantration of liz** or for
some otier recscon. A coluoilizotica ol tliie »ivso-

nucleosrctein occurred cnd the [OJA which was pro-
tected in tihe particulote stote ecame exposed to
attack. The Dreal.dowm of A was indicated by the
aprearciice of i ecid-solunle matericl abcorbing

a2t 220 mu

Ciillied suzrenmsioniz ol Acicnccicr were found

= B | )

nd Loz (1¢82) to M"leci™ free anino

{'\

Strenge

e«
(:.



aeids, low meloeulor welrlt peptides, o cudstance
tict cosoried U-V 1170, ut no ceid soluble [IA

could e fetccted., Siniler resulis were odcerved
Sy Werliince (1S82) wio cudjected o sucpension of

Livire tuocerele voeillll to repected freczing and

tiawin: cid extrected o motericl tiat could cencsitlze
uineco rizs to tublerculin. 2iocmzenlcal cud electro-

zhoretic studics cioved severcl proteins, two poly-

ceecelcridec, 1ipid, end o - cencentration of
nuclcic mcterial. Amuresinl ond Zretz (1¢53) pre-

P e dsanm JE T B - ~
pored extracts from washed E. ccll Dy Ireezing cnd
L RN s L} ,- B - - N T~ A
tliawing, Scilins, or oy cuveclaviaz that yilelded
™I

o nroteciive foctor lor tle increased survivael of

Ze ccli tlhict vere Trozen il thawed. Survivel cor-

relcted with tlie cordolydrate coatent; fractionction

cented evicde..ce tlot extroets ovtained fron frozen

end thawed L. ccli stinulcted ciyren uptalie and

observed o decrecce in acctivity when tl.e extract
wes diclyzed or treated with llorit, llehler and
orteell (1962) isoleoted o srowth-stinuleting sud-

swunece, Jactor 37, from frozen E. coli wixich

appezi'ed Lo —e non-spceciiic in its cetivity. A loss

.

in vichility woes zccecomaainlcd oy relecsce orf U=~V

e
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cocorsins ooteriul wrlen Linceberg :nd Locde (166

coolcd cur carficenc <f Zo coll In crtilicicl cea-
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Lo cutzerc telnerciurec. Poctrote and
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milicantly different from thoce



ATERIALS ALD 1ZTIHCDS

3ectericl strzins

Eccherichia coll (ATCC #11303) obtained fronm th

Divicion of Loboretories, llichizan Depeartment of

Health and Acrosccter cero~enec obhtaliaed fr

iilss Lisa ieu, Denartieat of Licrodiology and Pudlic
Healtnr, ldchigan Stale University, were uced through-

out tiis study.

All culiures of tlie test orgoilicas were nala-
7 tronefer on tryptone glucose
extract arer (Difco) clents and stored at 4 C. Cells

o vests were gcrowm cn the same ncdium, elther on

cclls were rcoulreld, Culturez were incu-zated at 37 C
for 22-24 hours. Vecciie lors were inoculated Oy
enrecdins 10 =1l of a sucpeaczion of cells harvested
r clantes over the sus-fuce of the medium.

All cells were taienr from stock cultures and trens-

fer.ed at least once 2nefore Heinr uvced as en inoculum,.

Prencrction ¢of cell cucrencions

Cells were horvested from trne agar by "flooding"

with sterile piysiclorical szline solution (0.85%

IlaCl). Cells were pooled into sterile centrifuce

29
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Turced at room temperature at 22,000 = g

(&)

’.h

tuczes a..d centr
for 10-15 mirutecs., The 1liquild was decanted and thre
cells resucpended in 101 of the sterile prysiologiceal
saline soluticn. This nrocecdure wos repeated tiree
tizcs. After the Tincl centrifuring, the nellet wes
wesied with e snell coount of thie diluent and re-

cuspenced in 10ml of the diluent.

Asszys ol viavle corzonicne in suspencsion befcere
end after testin~ were cdeteruined oy maliiing 10-feld
serizl diluticne in 0.E5% saline solution. Tripli-

cate nour platec cf coclr dlluticn were made cad in-

cubcted et 37 C for 4C rours before counting. Viable

that produced vicitle ccleniecs on the particuler
nediun uced. Fercentagre curvivors were determined
L

Oy using the followine eguations

# orgonisas after treatment
% Survivors = X 100

# orponicms before treatment

Preperction of e:itracts

Extracts were prepcred oy freeczing a suspension
ol orgcnisansg, storing at sud-zero temperature, and
thawing., Following thawing, the cuspension was

41
[V3S

2

& plpette,

'.k

on w

(%]
ct

thorougihly mixed 2y aspir

’
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sszay, and the renainder

()

a volune of 1,021 tolicn for
centrifured at 22,00 x ¢ at room te pcirature for

25<30 ninutes, Zxtracts were Ireed Ifrom hacteria Ly
J

filtrction through cterile membdrane fllters and
cstored in cterile, screw-cop tuvdes at 4 C excent

Etroacts vere anelyzed for pentose concentration
by the 2ial rcecition (Aldcwn ond Unbdreit, 1047) with
D-riz0ze ze standard; DA Oy Zurton's (1956) modi-
ficotion of tle dinhenylanine reaction witn tlhiymus
DA a2s ctondord. Protein concentration in the ex-
trocts woc Ceternined =y the Lowry (1951) mcdifi-

ction of tlie Folin reccilon with bDovine serur
elsunin froction IV az standard., Inorganic and
seven-ninute nydrolyzahle phosphate were deternined
by tie Ficlie-3ub.arow (1025) metlhod with K, PO,

(1u mole/zl) &s standard. Amino acids were de-
tected using the modified ninhydrin reacent of

Jloffat end Lytle (1SEC) following asceading

o]

oner

I

chromatorrephy. Ultraviolet ebsorpiion (U-V) spectra

'a‘.'v
were oostained with & 3cclman specirophoiloneter

model DU, +with 2 1.0cn 1lislt path. Colorinetric

deterainations rere rcrfor.ed in neitched tudes Tor

optical cells usin~ o 2cusch and Loms "Spectronic 20"
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M

srmoteneter. Concentratlions of reccting maoterials
were deter.ined Hr ciurcolotion from stondard

curves wnlichh were DHlotted ucln: conceatrations

that vronll follor the Zecr-Lanmert Law, Quantitotive

lJ

4 onmnt cap 4 oaat P . 7 - 2 o
EDECuPODJOtOWCUE‘ Clo_.7C€Es rere onily & glinrle

cc.orewnnd wras mrecent were deteriiliaed

teings the following equatlions

D

C = ——

LI |
e

viere ' 1e thc coceilic entinction (adcorption)
coefliclent, D 1z tlie ontical dexncity of tie wnlzmom
at the wavelength ', and e iz the conccatroction
e:recced in acles »ner liter, ocnd the li~ht pmeth is

X

1.0 cn. Thie e:rtinctlon cecefficlent Tor AP vsed in

.. PR R K . . 4 . . SR
Frocilcnotion of tiie extract was erforaed

usins tlie wicilicd for tlhe enclysic of phosphorylated

intermredlcates outlined by Uabrelt, 3Burris ocnd Stauifer

(1¢52). T fclloving precedure wos uceds to 101 of
ti.c cell extroct ontalined froz cenceatrated cus-
sensions of frozen cells, aa ecuvel volune of cold,
107 triciiloroacetic acid (TCA) wes cdded, mixed,

and allowved to stand ct 4 C for 350 minutes. The pre-

cipitate wos remcved Dy ceatrilfusing a2t 22,000 x g



for 3) ninutes ot 4 C and the cunernctant licuid
decanted cnd rcoved Tor Turticr fractlonction. The

CA-insoluvcle ITrcction.
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Tods woe washed with scline solution and dicsolved
in 1 laCH Ior snccetronhotometric and colorimetric
The cupcernctent licuid wros entracted twice with

10 ml of cthyl ether in a cseparatory fuanel and the

1

acueous niwace ccllected., Ecess ether ras removed
oy lLieating in a stecm Math untll no odor of ether
could He cCetected. Thic conctituted the TCA-soluble
frcetion,

ATter tlie removal of TCA, o snectirun vos de-
terined and tlie rezcinder of the acid-soludle
freetion was furtlher senorated Ty the use of the
colunilities of tlic Harium salts ot pil 8.2, Con-

centrated soclutions of recrents were uced to pre-

1enle increcce in vclune of the fractions.

o
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o
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The ecid-solutle fraction was edjiusted to pi 8.2
with 300 IICH cnd e:cess Hariun adled in tle Tomm of
crystalline ooriuva ccetate wntil saturation was
reacied. Thie esitroct alter tiie cdditlion of barium
(at p2 €.2) was cilled at 4 C for 15 minutes and
Llle precinitate removed Hy centrifu

22,000 1 ¢ for 2D minutes et 4 C. The precipitated

neterial conestituted the borium-incsoludle fraction
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vinerecz e cuseraciont fluild constituted the bariua

The nrecinitate (bariwa insoludle) was dissolved
In 110 ZCl and tile dDariuwm rexoved with a slizht excess
of 101 = 504. Tire precinitated bariun suliate wos re-
moved Oy centrilfuration. The esupernztant liquid was
ciiecized for tlie preceince of odarium Hy tie edlditlon
¢ a dren of 22504 cad an avcsorptlon spectrun of the
borium free liguid wac mode,

Thie Hoariwa cclunle Jooectlilon was trecated with 1010
H2564 to remcvre tlic TSurium cc tiie culfate wihich was

-] PR g
rellovCcl Iy ccalriin

fea end thie superncitent liguid

cielyzed erectrophotonetrically. Following s»nectro-

vhotonctric cnalysis the dorium soludle Iructlon

wes checl.ed for -entcecre ¢cnd rhosrohote concentrotions.
Slanizs for 2otll cclorimeiric cind cocctronihioto-

necuric Zeter.lnctlicis were ootoliicd 2y treet

voluze of tiie diluent uced to nicrore ths entract to

S -~ 4. 42 - ~
viie come frecticnctins srocedure,

s~ P R V4.2
U’MUOC.‘-.A..‘-, R IRy

Tie followin~ soluticnz were used to sucsnend
the orconisne for freezincs (1) 0.510 phosphate
ouffer (12 =l i/5 HasiPC,; 460 2l 1/5 LaH,PO,; dls-

~

t1lled water to 1000 ml) pi 5.3, (2) 157 clycerol,

(3) 0.2 il marneciun ccetate, (4) 0.02 i marmesiun
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acetate, (5) 0.002 I marnesiun zcetate, (6) distilled

water, (7) 0.02u

(]

dium ccetate, (8) 0.2 I citrate
buffer (2,101 g. ciiric ccid monohydrate; 20 ml /1
nl cnd dilute with an equel

‘? A‘ -aem Y P,
W CH;, nmelze un to B

" Fal

@)
voluue of distilled water) »H 5.0, (9) 0.2 i

fel}
[

acetate, (10) 0.E5.0 sodium ciloride solution.

Frecoins cn? tlcorings

Cell cveopencions vwere frozen in eitiier sterile

20::150 mnm glass test tules or in large, cterile,
vlactic centrifuce tuhes., Gless test tudecs were
to

.
il

placed in o clonted pocitlion during free

N
o
m

aveld bredicce. Freczing and storoze of suspencions
wvere done in o Ireezer chest cet at & teunerature of
tiils process was generally
8=12 hours. Thawings woes acconrliched elther by in-
itaticn in a 55 C water bath

&t room tenrerature or re-
fri~erator (4 ¢) tennerature (elow=thaw). Fast
tnowing reculirced coout 2-3 rinutes and slow thawing
froia 12-320 minutes te several lLicurs depending upon

the volume ol thie sucnension. Following thawl

~
the cuspencions were xized and viahle cells de-

L

termined by thc psreviously decscrlided nethod.

.- 4 o LA, -~ e . - P LS -
Prepeation fex» tiie cnd tiow ns ercerincat

A wasiied sucpencion of celle in saline solution
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was cerially 2211vted ina 0.89575 1.aCl solution. As mony
1

wi€es asz noccinl  of ezcn éilution were

of eccrh dillution were divided into two sets. Cre cset
cretor a2t 4 C 2ad the other
cet frozen et =07 C. ATter vorious tinme intervals
ecenr cilutlion wcre reoved Irom the

freezer. Cne set was "fost-thawed" and tlhe other

(]

cet "slow=-thowed" at roon teuncrature. Trinlicate
gc.wples from each cdilutlicon of the reirigerated an
frozen-tlizawed suczcncsions were asseyed for viable

cells vcing tie »revious
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An uncdiluted susicncion of cells was divided
into two eaual volwies znd frozen at =07 C. Cne
Fal

tuhe wace foct-ticwed annd the otlier slow-theowed 2t

4 C. Cellc were mited tiorousily, a cuiltable volume

talen Tor aszay, cnnd the exitroct removed dy Lhe
J 9 ¥
deccerided xmctl.od. trects frco Dot trectiieats

were Cllutel 135 with 0.C857 s2line sclution and

an aosorztion cpectirun ncted.

o

diavesn nuaoer 1 filter naner was ennloyed
in the clhuomcteorroshic scneration ol the auino acids
in tle cell extract. Siheets 40 x Z7 c¢a were used to

Kal
\

allow simuliciieous curomatosraniy of 20 anino ocids



wred for iZentificetlion. Sz .2les 5 mm ia dleneter
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~M11lory Wes and
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bl . 2 -~ s - S e L., S U X T e
cllovel to cir Sy oo rocua telicrature., Thie Laper

e .o P | L -+ - - 2 A A PR B, N 3N
sicet woe rolled into o cylinder aud tloced In a

roted a culfficient distance, tle papcr
woe rencved, uie cclvent froant marled, and tlhe paner
crield in o oven &t cocut 120 C. Amino acids were
cevected oy coroyings wiliti modified ninhydrin recrent
(lloffct cnd Iytle, 122C). Chrcactogsreniic icenti-
ficatica was cohtainced "y couporing inown auino

-~ . PR <+ o
:0CSC 111 ULilE elliricCue.

Cellulocse acetate ctrins (Cxoid Divieion, Cio

Ltd., London) wrcre enloyed for clectrorhoresis.

&
w1
[
8]

abda veluae of tlhic cell exntroct was apnlied

to tl:e cirlins D7 reons of o mlcrodivette. Electro-

Diorcsic woo carileld cut inn o melrigerater (4 ¢C)
for 27 lLicurs @b a polenticl crodient of 1 nilliemd
er strip. Cven Duller (5.0 g. sodium dietiiyl Har-
Ditone; 3.25 7. ccdium ceetate (Iydrate); 34.2 n
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in 20, suligraliclic weid Teor 1 inute, ctdined

P

*n Cocouassle 2rillicat Zlue R-250, (0.25,7 in dis-

N~ AN

EIE T R R R PR I N A NPT
tilled wzter), for 5 minutcs cud differeatloted

rele tubing end Lervercorated in the air
Loure watlil tlie volune
wes reduced to 1/10 of the orizinel voluae. The
vcluie wes measured, Hrournt to tihe original volune
oy thec cdlition of 0.C5,5 saline sclution, and an

£

AR B P -~ e ot v ] a2 e A A
eocernilon coucetrun Celeriined.

o)

Twre 135 cllutioncs of tle extract were iade in
0.82,5 suline sclution. Cne ¢dilution was heated in a
soiling woter et wt 100 C for 15-20 minutes. The

-

Ditcte wes rencved Ly centrifusction et

'.J-

orec

22,000 x ¢ Tor 15 minutes. An cosorpticn cpectrum

of the scupcrnctent filvid ond tihe unheated dilution
e @ vae A

WC S MLL.Co

Adzorntion

Cne-tenth grezm of liorit (Pfanstickl Chemical Co.,

~
[

douwlegen, I1l.), cutocloved at 121 G, 15 1b./in®

pressure ror 15 minutes and activated by heating



to cherry-red ia &« Suncen flame, woc added to 10 ml

ol the extract. Cne-tenth ml of ¢55 etlyl alcohol

wae adldel to reducce surfcce tenision aad the nizture
rlaced on o .aoractic stirred ¢t 4 C for 18-24 hours.

Tl sorit wos revoved o crevity filtretion and tie

suoernctent fluld seved for cnectroniotonetric

T.e sorit was wesied on vie filter nocper tirec
tives with 0.85;5 1iaCl solution. The adsorbed material
wes eluted from the chicrcocl with 25 ml of a solution
contalnlng ehcolute ethyl alcohél-concentrated
emmonium Liydrosxicde-distilled water (2531324 v/v).

An chsorption srectrum of tie eluate was determined.

The elvate wes evenorated te dryness at roonm
te. rercture and the resultant cryctals recsuspended
in Soth :1:C1 ed 120 NaOH. Absorption spectra were

nlotted aé the Dase rotios at 2508260 and 28082860

holziase Rt vl NeenT
Insrmn~tic cczscowr

4.

Thc preccence of ridboatclelic cceid in thie cell
extract was deteriined Oy tlie method of 3inghen
cnd Zittle (1262). The eccsay nixture containced
0.65 ml veroncl-zcetcte dufler (pH 7.5), 0.25 nl

i -

1, yeast XA or 0.25 1l of cell extrccet, and 0.1 nml

of bYovine pancrectic rivbenuclecse. Increcse in
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oxtical Zdenzity ot 200 U was uvuzed os & measure of

1 coooeaslong, nrepercd in the Zieviously
descrived mamer, were plcced 1n sterile plocstic
’ < &
centrilure tudes and eiroced to sonic vidrations
in e J4cyviiecn Sonilc Cceillotor, llocel 250, for 30
inutes, Cellulor dcowric woe removeld Dy centrifu-

coetica il filiretlion and the cuperniatant fluild

tecsted for tie ~i1esence of DIA.



Cccvrrence of Cell I:trocts

Effects cf freczin~ ond thouwrineo

WJen suspensions of microorzanisms ere frozcen
and thowed, different numders of survivors are ob-
teined., The deatnr of tie nicroorzanisme is accon-
r thie desralation and releacse of cell con-
mediun., These products
coincizt of pentoce, a procduct tiiat absorbs ultra-
violet 1lisht, cnd protein-lilie naverial, Analyeis

of tiie U~V ucteric

N g
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0 mu with bese ratios at 2505260
end 2003260 of 0.S0 and 0.50 respectively (Ficure 1).
Ilo decxypentoce could ve dctected, and ruper chrome-
tocrashy showed no free amino acids; ninhydrin-posi-
tive materials thousht to be low molecular weight
pentices rere detected..

Suspensions of E. colil were ruptured by sonic
vioration and the extracts tested for tilie nresence
of deoxypentoce. Pocltive recctions were obtained
for six tricls. The ebsence of deoxypentose 1ia the
extrict obtained from frozen cells would discount
the poscibility that death was due to rupturing of
the cell memorone and is incoupativle with e theory

of death by crusiing,

41



Optical Density
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24,0 250 260 270 280 290
- Wavelength (mm)

Fig. 1. Absorption spectrum of cell extract obtained from
frozen suspensions of Escherichia coli (1:5 dilution)



Relcotions"in betyeen recovery rote and concentrcation

Suszencions of E. ccll were sudjected to freezing

and slow thewinz in scline solutlion to determine the
vercentare of survivors cnd the concentration of
lecizce preducts. Cne series was anclyzed for protein
and pcntose and ancther series for ebsorption et

2€0 nmu. The recults are given in Table 1,

Theze recults indicate tlhat frozen cells lose
reater rate tian chilled (4 C) sus-
rencions ond tret the concentration of lealiaze pro-
ducts ontaincd fren the Ifrccen cells 1s greater
than thiot frem cliilled sucoenczicns. From thils, 1t
cen ne concluded thiat & relationciiip exists between
tie percentage of curvivors and the concentration
of tlxe lealizze urcducts in thie suspending mediun.

The lcciieze of ccll censtituents wilchy occurred

)

es & result of freczing sugrested that a permeabllity
co:i:trol meclenicn was arfected by freezing. Such a
mechainien would rresuvnedly be located in the cyto-

rlacaic o

(h
¥
3
()
3
(6]
.

-

The effcets of t ¢ noture and concentration of
various neastrua on the survivel ol E. coli in frozen
suspension are cs.cvm in Ficure 2. These dota indicete

tict onovelent ionz are more lethal thien divalent ions.
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£ Recovery
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(1) 0.9 phosphate buffer, pH 5.3
(2; 15¢ glycerol

(3) 0.2 magnesium acetate

(4) 0,024 magnesium acetate

(5) 0,002 magnesium acetate

(6) distilled water

(7) 0.0M sodium acetate

(8) 0,2 citrate buffer, pH 5.0
(9) 0.2 sodium acetate
(10) 0.85% sodium chloride solution
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l::: ———— °
o °
L L 5 7

Menstruum and concentration

Fig. 2. Recovery of Escherichja ¢gli subjected to
freesing in various menstrua at -87 8 for 4 hours
and slow thawing at 4 C for 12 hours.
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A concrleson cof the turo ¢ilferent buffer solutions
at o zinilor pil indicotes the freater effect of the
uffer ion thicon the »Il 1tself.

Secauce earlier dota (Ficure 1) shoved that a

g
M
[
[w
ct
’ te
O
o]
m
.
(D

sisted vetween tihe pronortion of sur-
vivors cnd the concentration of leal:ace vroducts and
ture of the sucpending medium also wa

iavolved, studlies were counducted to deternine wiether
cny relcivionenip enicted belween curvivel and concen-
tretion in tl.ese varlous menstrua,., rHoreover, since &
resulatory mecl.ciiicm ceems to be 1nvolved and de-
credation of nuclelce cceids occurs, thie various sus-
pendling mencirua were cnclyzed for tlie concentration
e cuspeniing liculds in which hich
survivors were obtalncd vould be
exnecura to clwor lowr cencentratlions of pentose,

and vice verca. ine results arc showm in Fi-ure 3.

The deta preserted nere (Figures 2 cnd 3) for

ol E, cgli ‘rozen ot =87 C ia a veriety cf

1

menctirua ctronrly suggesitis & relatloncsliin betueen

ezt cnd A derracdation. Wille tie cells tiat
were sucrsended in oeruneciuva sclution dild not slhow
reatest perceatare ol survivers, tiie concen-
rctlicn of zentoce was low, llarmesium , wiiich is
mowm to cioedilize 1:zolaoted rivbocomes, decreased

the amount cf rnentocse; -rhereas, citreate, which
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Concentration (ugms/ml)
8

°
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0.9 phosphate buffer, pH 5.3
15 glycerol

0.2 magnesium acetate

0.0 magnesium acetate

0.0024 magnesium acetate
distilled water

0.0M sodium acetate

0.2 eitrate buffer, pH 5.0
(9) 0.2{ sodium acetate

0.85¢ sodium chloride solution

N, N, SN SN SN PN PN PN

B3O NEWN =
e e P " N P P

(10)

......

3

8 5 6 7 8 9 10
Menstruum and concentration

Fig. 3. Concentration of pentose in extract obtained
from Escherichia coli subjected to freesing
in various menstrua at =87 C for 4 hours and
slow thawing at 4 € for 12 hours.
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cccelerctes »ivcceucl brecizdowa (Chwwo, 1957; ade,
1261), irncrecsed the c:ovnt.

Fiocliclorical saline sclutizn sreovided the
lecst recover; in vyichle - -tivers wille dlstilled

- 23 N e P S I I + -4 S
woter oad &ilute solutliciis of ccodiun acetate pro-

videl only nclerate recoverle

[0}
.
(V)
¢}
o
©
ol
65}
()
|j'

salfne solution (0.83570 iaCl) »produced the hishest

-~ - 4 2 L
concestration of

leclic.ze preducts, 1t was selected

In Uhis gouly wiere noziimum yileld of extracts wes

—en 4 . Fal Tl ® am N ~ <
Effectz of tiouring mroceinre on recovery

rec1d frecze cnd clow tlow, tihie concentration choance
in tre zolute would de razid cnd cocnceguently would
nanifest nec cdverse effects. Thls would surrest, then,
thawin: process could exert detrimental
effectz. A clov thaw would sudbject the cells to
loncer expocsure to tlic comcentrated solute than
weull & raxid ticw. Sucrenzions of bocteric frem
vee souie nonulation werc firozein ot tiie sae terpera-
ture; duplicate samples werc renoved ot vorious
intervcls of time and sudjected to a rocid eiid a
slow theow. Cell cusrencions from the came nonulation
stored at 4 C were used cs controls. The effects of

tiie storcze time and the type of thawine are given
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meoze doate indlcote thict Ul.e most drastic re-

S

duction in numbers cccurs curing the early stoces

cf freezincs. It iz Lhousht tlat tiis recduction 1s
L

due to tl.e cecrcace Ln tempceroture ong tiie 2eriod

cre exnocsed to
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tie crltical teoerctures iln the ranze of -10 to
-EO Co
Wile the cetual frecziiis nrocesc anrears to
2~

Ve recpeoncitle for ti.e decretcse 1n survivors, the

ffects as well. These

*C
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ct
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CR

4

Y L an e
thawinz m

recults wrovld cuprort tiie nction tiat increcsed

ccacentration of solute Influcnces survival, os

tiicce eflcels are aariedly wmanifest during the
tiawing »locecss,.
The effccis of tlawinr arc clzo showm in the

- ~

Gifferences in concentration c¢f lecliaze »roducts
Tron tliese nrcecdures. Cell extract wa
obtained fron & cucohcnclion of cclls tict was divided
into two e¢zuel velunes. After ideaticel freezing
preccecurez, cne voluze of cell cusnencion was fast-
e othwcr elew-tlawed. Slov tlawins re-
qulred azprouinctely 30-45 minutes at room ten-
zerature. Tie cells were rcizoved by centrifucation,
tlic entract diluted 1:5 with sterile 0.85)0 saline

solution and zn absorniion spectrun obtained. The
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ure 5, indicete thot the in-

X

ec\u

ts, showm in FL
crecced reducilcen in numbher, as effccted by the
tlawins process, 1s ccceumpanicd Dy ¢n increcse in
co:centraticn of the lcolinze preducts. Thls, then,
wovld cuniert the tlecry tiiot lecliage 1s a result of
increacscd neruzeonllity cdue to the increased concen-
precess

-
*-..«—

trotion of tlie solute cdurins the freecl

out the cilectc cre zmere pronounced duringe thawi

Triece doatza denioncirate tiot tlie loss in viable

numoers curinz rreezing ic a consegquence of the

ncoure of the cus licuid; that the grecatest

loss of numvers 1=z coiained during the early stages
Lo 4

cf tle Ireezinz process, preswiadly durins thie period

<

in which the orgonicns are exnoced to the critical

seretures fros =10 to =30 C; thot the rate or

trype of ithawin: iaflucnces survivel, This decrease
in viable nurders is accononied by tiie relecse of
cell corstituents intc tlic mediwa endéd the concen-

tration of tlicse leclicce »roducts 1s in direct pro-
portion to tlie numver of survivors. The lealiace of
tlie cecll conctituentz 1s appareatly due to the in-

creaceld pernec™ilit; of the cytoplas:iic memnbrane

N

broupat atoul by thie increase in counccniration of

solute durins

[

freezing.
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Optical Density

52
O Slow=thawed

e Fast-thawed

Wavelength (mm)

Fig. 5. Absorption sprctra of cell extracts obtained from

frosen suspensions of_ Escherichia goli subjected
to fast- and slow-thawing procedures (1:5 dilution)



Chorocterizoation of Cell Extract

(@]
ct

Previous worii oy otier investi ors chowed

4.

tiiat lecliizge rroducts exiiinited at lecst two pro-

pertiest wiien added to suspensicns of nicroorguenisas

IS

o8

efore stress, it exixidited protective properties;

wren addied to sucspensions of microorganicsns after

<

-

stress, 1t exiniHitel restorative properties. These
properties were deternined by increcsed recponses of
tie celle in suspension. Treatment of the extract by
verious arents a2ltered thece »roperties dput the nature
the active comoonent was not cccertained.
Fiiysical-chenlcel metl.ods were used in tlils

FS

study to characterize the extract and correlate these

7]

ata withh metabolic recponses of tiie cell suspensions.

s}

op
P

(@]

¢t of vervevoration on the a»m

m

orntion spectrun

t

of cell extrcct

Ten milliliters of cell e:tract, obteined fron

freezing and slow thavuing a concentrated sucpension
of E. coll, were pervcnorated accordings to the pre-
vioucly descrived method. A 1310 dilution of the
sane extract was mide with physlolosical saline
solution and tie oheorption spectra of both nmade.
Ficure 6 shows & ccvporison of »oth espectra. From

tiils comnaricson, the coasence of en evsorption peak

in tre rezion from 250-280 mu can be ceen in the
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o—o0 Diluted extract

Pervaporated
—* extract

290

240 250

Wavelength (mm)

Fig, 6. A comparison of absorption spectre of diluted and
pervaporated samples of cell extraet obtained from

frosen suspensions of Escherichia coli.



A 132 cillution of cell e:tract wes placed in

sterile 20::150 mn test tuhes and heated in the pre-

-

vicuzly ce

erived enner. A sinmilar dilution (un-

@]

as a control. An cbhesorption cpectrunm

o

€

ct

teated) ac
4

of botnh was plotted and the results given in

ure 7. Srou incpection of tlie plots, the pre-

(4]

)

3

peail in the region from

ct
',).

cence of an chcoorp
250-270 mu can be ceen in botlr the heated and un-
rhected extracts.
In cecmnorins the curvees Tor Loth extrects, it
is of poesing interect to necte tict tiie only recion
:

tiat chicwed any cecreace in ohsorption ofter heating

-

was from 230-245 zu.
Sffcoct cf trcotuoont it Jlorit cn tlhe cosornuicn
c~cetrum of cell cxtreoct

Ten millilitcerz of extroct was treated with

Al

sworit according tiie tliie mciliod decerided earlier.
After rencvel cf tle clarcocl, the cbcorntion
soectrum of the filirate wos ceternined. The recults
ol thls analyslcs ¢re srecenteld in risure 8. Fron

this »nlot, the cbcence of the absorntlon nealk in

tiie rezion frem 250-270 =u can de seein.
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o=—o0 Unheated extract

o—e Heated extract

Wavelength (mu)

Fig. 7. A comparison of absorption spectra of heated and
unheated samples of cell extract obtained from
frozen suspensions of Escherichia coli.

/
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24,0 250 260 270 290

Wavelength (mu)
Fig. 8. Absorption spectrum of cell extract obtained from

frozen suspensions of Escherichia coli after
treatment with and removal of Norit.
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utlon of clzeroed motericl Trel loorit
—

J:

boa R
et e

The Lorit removed after treatins tie cell e:-

trcet was wacsiied witlhy o mixture coataining abesolu

etlyl clcolicl=-concentrated cmmoniun hiydroxicde-
Gietilled water (2531824 v/v). o effort was made
-~ — v [VAoE [ ) [y [ & 4 povten

1o lieen tie volunme ol tile eluting uixture equal to
v..e voluie of tie extrccet tlizt was treated. The -
P o 4

sorption soceirun of tle eluted meteriel (Fi-wre S)

cowg tl.e cliaracterictlic chHzorntion peall in tle

e
o
(@)
job]
—

rcgion frexm 2E2-270 nu., The cosence of tio
ti.e cloorsed entract (Ficure O) cad its subse-
cuent recovery Iroan tie lorit indicates that thls
material wvas renoved.

The elucie contalning tize ultreviolet edsording
natericl was eveporated to driness witi: woderate
A crystclline recicdue was obteined that
{reely cclunle in cdistilled water, saline
soluticn, acetone, ICl, oxud laCi. A portion of the
crystalline muterlicl yos dissolved in 0.1 ECIL,
pi 1.0 cd in 0,010 IlaCii, pd 12, Voluues of materiel
were adjusted wurtll tiie cosorpiion at 300 nmu wes

eoout tie scie. AN cHoorntlon spectrum for ecca

scluticn was odotoined cad (resc..ted 1n Figure 10,
norimun cocorntion in scid sclution wee et 257 mu

cxd in basic solution at 260 nu. The base ratios

of cosorvince &t 2508200 axd ZC0:2C0 mu were 0.S55

P
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1.5

1.0

Optical Density

0.5

24,0 250

Wavelength (mm)

Fig. 9. Absorption spectrum of material adsorbed from
cell extract obtained from frozen suspensions
of Escherichia coli after adsorption with and
elution from Norit.
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Spectrum in
—e O,IN HC1l, pH 1.0

o—o Spectrum in
0,OIN NaOH, pH 12

2,0 250 260 270 280 290
Wavelength (mu)

Fig. 10. A comparison of absorption spectra of ultraviolet
absorbing material Norit-adsorbed from cell
extract obtained from froszen suspensions of
Escherichia coli and suspended in acid and basic
solutions,
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- - - . .. P . - ol e g .
en’ 0.34 recpcetively in ceid solution ond 0.0885 and

0.465 recrectively in Hocic sclution. Absorption

o
=
’.J
ct
A
Yo
ct
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O
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(o)

mosing il Ddace ratics vere comnare
civen in a cheart for nuclcic ccid cderivotives nre-
sored Dy Coclbiccel.en Corporaticn, Los &nrcles, Coli-
¢ cocorntion mezinw ia ecid and boace

~

coi:iclceC wit.. viccc witecentcd Ior nucleosides an

nucleoticdes ol the urine adenine. However, no

- + -~ 2 o4 AN P PR 2
orreencnt enists selireen tihie LBoce ratice chtoained
T I A vep e . [N T S ToA - L+ ~
for thie cryciclline mutericl and tlicce nreccated
Do ~ FROA B [N R R N S I I
ol comrocunls conlaliing cclenine,

1i.e 2ose rebvics of t.e extreet ot 2508260

end 2808280 mu were 0.S0 and 0.50 respectively and
cre In cecord witl thore oresented DY other inves-
tigotors for thwelr extrocts. o base roatios for

e:.trects obteained frem Trezen sucpensions of

Acrohzcter cercr-enec were avalledble or nresented.

To cetermine tihcce values an e:tract was »renared

gero~cnes., The enrorntion spccirun for thils exitract

tionn occurred
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ot 260 mu cad bose ratios ot 250:2€0 and 2803260 mu
vere 0.94 and 0.64 reepecetively. Agrecnent e:xists
only «witll the abdecerption moxinmuwrn; dicerenuncies in
vcluees ferr boee retics migzhit de attrituted to the

cosornpiion of oithcr lcalicme prolucts or elce to the
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24,0 250 260 270 280 290
Wavelength (mm)
Fig. 11, Absorption spectrum of cell extract obtained

from frozen suspensions of Aerobacter aerogenes
(125 dilution)



Toet tict the uvltraviolet abzcrbins motericl in
The locc ¢l the U-V csordliiup materlal upon

pervaporation suz-ests a low .nolecular weight com-

poeind ti.at wevld dlzcount thie poscilbility of it

srcetlionevion of cell extroct

Since tiie ectiviiy of tie cell extroct amnpears
vo e reloted witli the ultroviolet adsordias materiel,
froctionation was »rrfeorzed usine the procedure out-
lined in llonczetric Teclmicuecs. Four fracilons were
cotained ciid tlie chsorptlon spectirum of each froaction
deternined (Fi-ure 12).

The precence of tlie clicreactericstic pecli: ab-
corntion ia tie rezion of 250-270 mu in thie TCA-
coluzle Iraction ~ives @dled evicence thet the U-V
cocordins nrmeteriel 1s not RIA.

The precence of polysaccharice necterial in
tiie extract moey exhi-it collolidcl »roperties and
prevent the precipitation of IIlA upon the addition
of TCA. If thii. were tlhe case, then it would secen
likely thot the cdliticn of bariw: would result in
ite preceipitation. Tie absence of eny absorpticn
peall in tle bariwa-insoludle fraction anpecrs un-

lilkely thet RIA in any form is prcsent.
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TCA soluble

TCA insoluble

Barium
soluble

S O O |

Barium

insoluble
1.5

0.5

240

Wavelength (mu)

Fig. 12. Absorption spectra of various fractions resulting
from the fractionation of cell extract obtained
from frozen suspensions of Escherichia colj
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The U-V netericl ics :-resent in the dDariun-
colunle frocction. rioxinum cbhzorption occurs el 257 mu
with ratios at 250220 and 2808260 u at 0.S1 and
0.35 rescectively. Since tre moatericl wee in en
acild solution, tiece rotios most nearly apnpro:imate
thoce for cdenocine moncrhosphicte (AlP). Colori-
netric anclycls for reuntoce cnd inorgonic phog-
phate rove molar rotios of 0.04:0.033 micromoles/ml
wiich 1c epproxinctely 131, There was no increcse

er acid

ct

in tihe concentration of the phoschwete af
1wérolycles wihich indicates a monophosnhate. A re-
avionzi.ip detween ccler cevelopment in the orecinol

test ond tlie ;ocition of the phosphate linkare has

[0}

Deen noted. This metizod can ve used for differentlio-
ting between a 5' lintece end o 3' linkere. A 5!
inlicre zives naximun color development in a shorter

period of tiue then the 3' linkere. Mexinum color

developnent 1in the »ncintoce Ceterminction wes et-
tcined in 15 minutes, wiich would indicate a 5°
linlicpe of the phocrhcate.

Froxm the data precented in llanomctiric Tecliniques
the comnound precent in the bariun-soludvle fraction
tiot abserds ultraviolet 1lisht 1s AP, Cn the as-
sunption thot tiis wac the ceompound present in the
barium-coludle Ifracticn after froctionction, the

ceoucentration wes estinated from tie spectropnoto-
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metric dota. Irom the cntical density at the maximun

1 ~

aosorpiion ad tle extinction ccefficient (14,¢
-l '1), a velue of 0.042 micromoles/ml was ob-
toined, Thic value coincided with te concentretions

of peatoce and nhwosnhote for thic fraction and gives

[S]

rotio of 12131 for dacessugarspnosoncte-- o model

ot flts AP,

wltroviolet ebhcsorbing

Since A c¢lro rovicdes & model Irom wihich &

retio of 1:131 for dasestcusarsnhocshate can de obd-

toined, the uvliraviolet adsording matericl was treated

)

withh Dovine poncrectic rioonuclease. An increcce in

O\

ortlecl cdencity at 280 nmu was used s o ncasuresent
of ridonucleare activity. ilo increace was detected
which would indice thct the ultiraviolet abscrding

moterial is not iiA.

Elcctronhcresis ¢f cell e:itracy

Present in tre extroccect with tihe uvltraviolet

eosorvinT nmovericl was a sudestanice thot reccted

P‘

th

s ccnsicered to

0
(4
oy
@]
c?‘
»
O
(o)
—

the Feclin recrent. The
be preovein, Hut tlhe resultz of tlie treainent of the
cell e:xtrcet witl: cold 10, TCA (Fi~ure 10) showed
no Cecreace in cosorpilon in tlie rezion of 280

wiiich is ci.cracterictic for nrotein. Alco, the
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nrecipnitate chicwed 1o pealii 1.0 thils reglon wien it

-

D

crded 2.4 the shectirun cctermined. After

;.
{3
n
2]
[p)
g
£,
@]

'Y

adeorni i the vltroviolet matericl from tlhie extrect
with Lorit, o neall was odtained at 280 mu. ILuntreocts

cined fron E. coll ad Aerodzcler cerocenes were

- PR

sunjeciecd to electrophoretic cepcaration to determine
i any cdlffercuces exicied between then. The recults
icures 12e and 130,

icre bands could bhe Zetected in the extract ob-

PRE I ~ » Lo~ - TN~ ~-- hP -~ e KR o I S
tolned from Acrchoceter cnd trhe weottern differed gl:co.

Tiiece Cillere.ces coull osclioly nccount for the dlis-

. . L S RN i R ~ [t z . [9] o
cre~ccies neted Za tlie rotlos ot 2508260 and 280:260

mu Tfor t.c coserption cihceira of thie extracts. Per-
varnorcticon of the extroct ylelded matericl that cave

4 - 4 4 .- -2 "~ . - - K] L4 LI i R
Liie caze natiers wiiichh would indicote thct thic

moteriel deecs nct seen Lo De the active suvbstonce.
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Fig. 13a, Electrophoretogram of cell extract obtained
from frozen suspensions of Escherichia coli

Fig. 13b, Electrophoretogram of cell extract obtained
from frosen suspensions of Aerobacter aerogenes.



DISCUSSICH

vichle nurter and tlie ledliaze of iLutracellulor con-
etituents, 2ucl resultc can e acttributable to two

ccusecss lrcoic ox runturins ol v.e cell wall, which
vee TFourm ond riolllivy to tie cell; or, some change
in tle cell meibrone, tie siructure respoiicible for

R . 2 —~enl 4 ..
Loioo Ule Lnves Trlvy O:

t.e internal constituents.

2

Direct osrnervotion of frezca cells unider oil fmmersion:

&8 elecironnicrerailizc ¢f frozen and wnlrcozcn celle
(llerimell, 17C00) rnresent incdircet evidence elimi-
netlins 1lyeis as o foeler.

v

I crny Jetectodle deonypeiitone in

ar A+ AT 2. 00 A4+ - ~
reet would cleceo fiuilicete vnot lycic did

-
not cccur. Celle upiurcd »ry sonlc vidrotion shoved
Ve ~vccence of tis cordonydrate wiilc
Buted to DilA. If Ifrozen cells are lysed or rupturcd,
tiicin, tliey too slould liverctie DA, lione was detected
in tkhies study. Az o reczult, such results would refute
any treory of cdecthh cs a recult of crushinc.

freezin~ arrparently lic in sore
alteration of the cell nextrene. The cell memdroie

not only preveants lecliczec cf the cytoprlcsnic con-

ctitucats into 1t ¢ eavironaicat Dut iz also conceried

69
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with the troncrort of tutrients into the cell. Any
ercnt or strese tlzt darares tiiis scul-permeadle
cooosroae Dy clterins lts phirsico-chicnzical struciure
11 couege Zicorgonization ol cellulor function.
Wnen its cclective rroncrties are lost, comb»onent
lezlz out ¢l thc cell reculiins in Injury or deaih.
Evicescc to sunsort thlils viewr con e obteined
Tron o the dota sresented on freezins. A relotioncsihilo

ighed Detueen tlie vichle nundyer of

interncl dillfusible cellular censtituents, Tiids
effect tc conciiered by Litcucll and ioyle (1¢55)

tc e due to differences in the internel osnmotic

iven tle srectest amovnt of rcecovery. The dota ob-
tained in tils stuly Indicote thwt dlstilled water

b A hl ——~ P . MEEEEY -
creviled conly molereate protection wiich would dis-

recorded Oy lerriscn (1656) end Clemcnt (1S61) who
fecund dictilied wraterr & relotlively inuccuous en-
vircament for freezins. Csrnotic effects can also
oe eliminzted on the bisis of recovery eafter the
orsunienc were frozen in otlier menstrua. Hicher

molarities cof the cclute chould hove provided the



nizheot cectnr rotez if osictlc pressure were re-

enoacinle. Such ca effect was noted only with sodiua

Wacn tie cells were sucspended in the various

i

menciruz, & nesli~ivle period of time (appro:imctely

5 minutes) elersed before freezingc. This would elimi-

cve ooy Ly of ixzcudation In the solute or

navve \,--‘.J

',_.‘-

noccivll
senetration of the creat. Unler such condltions,
tiece resulis ere incomdatinle with a view that any
rrotection wrovided durins freezlns rejuires (2)
penctrotion of the coent and (D) osmetic dehydaration.
Poctcote and [uater (1261) odtained equelly effective

4.

protection from stostances tiet did and did ncet pene-

Tle voricus recncnces tl.at were odtalined in this
study uct 2e citriduted to tlhe effect that the par-
ticuler zclute has on tuce nicroorgaonicem.

roderately nish recoverles were oovtained with
Clycerol. The protcctive acticon of glycerol was de-
menstirated to ve cenrzatinle with tlie results odtained
Dy otler iInvestisotors. The protective action is

ctirisuted te tlic ebility of tle glycerol to stabi-
lize zermeadllity.

Tlie losses in numcer in ncactrua that chould
have prcecvided protcciilon izt Se due to tlie washing

nrocecs in vreporing vhe cells fer sucpencion. In this
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clinc sclutlicnes were uced. dashlng with
clire solution hies bcen resorted to desord macnesium

.

lcie from thc cells (Stronge cnd Shon, 10€4) which

b

ircrezced cenelitivity to tiiermzal stress. The addition
cf monesiun rcversed thecse effects.

walle tiie cells tliat wcre suspnended in marnesiun

92
Q
O
w3
ct
(9]

socluticons dild nct show tie greciest per
vivors, tie ccnceatration of pentoce was low. The ac-
tivity of mornecium liec In its stadilizat

isczone «nl riociucleo-nretein (Ledervers, 1956;
Jeidull, 1753). when tlese lons ere repiaced or re-
noved 2y moncvalent catlons, tlie ridbonucleic particles
unZerso a cseries cf discociations-- first revercibdle,
then irrcversible (Elson and Tal, 1¢52). This pro-

PS

cess could cccur eitner during the washing process

or in the Iinzal suspencion. The decree of dissociation
could accouat for tie o2ility of some acents to in-
crecce tihe reccecvery of survivors-- providing the

escentizl nutrients to eid reccvery are present.

ct

uech &t effect on tne stonility of the ribo-
goule can not oxnly be secn with mar:

-4

vne cumeownt of rentocse, dut also with cltrate,
wihich accelerates rivoconal Hrecldown and increacsed

-0

the arzount ol nertose. Similar effects with citrete

were reported Ly Chao (1¢57) and VWade (1561).
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How con tne exirerne toxiclty of sodium de ex-
vletnec? First of &ll, the cell mcaorane
found <o De _ermeanle to tie sodiuvm ion (llitchell

axd lloyle, 1659). Tiis would exnlcin the breaidown

of te ribcnucleoprotein ani the leclizze of the

. o
1

riconveclcozrotein ¢

cule., Seccndly, sodiuvnm is important in water metado-

(]

en of cells, It contrels tlie nmovement of water

s
2
Py

2

end sodiuvm intele effects or coatrols hydration.

|-

Rerslaccrent of lost electrolytes durings tiie washing

cl

e

ne solution leads to mirration

-C

rrccedure wiith

@

6]

|-

into tie cells which would rrocduce ~rofound alteration.

Wiile tlece nypotlliczes nisht explain the effects

-
~

mn

ct

cf vorious caltc on vichHility, they do not cexzlaln why
there ciculd 2e reduction in vichle nuxmders when cells
arc frorcn on nculrance 1a tlic cbcence ol any sus-
rending zedlilwi. The cells were reported to behove
einilarly to ccll: frezea in o menciruun (3retz, 1961)
in viet there wos o nutritionel dcuaand. licever, no
deta were cvallchle concerning leaiiele.

Tiie enrhicslis cn tlie Hehwevior of cells that heve
oecn exposed to csui-zero tenncra . ures hwos been on the
freezinz rzroceszs. Truly,it should, but the data pre-

sented indicates tict theawing »lays o role in this



loss in iumders and lcealzizre. Unflortunetely, there is

no way vo deteriine wietlier the thiawving nrocess 1s in

1..e Toccoor recnoncsidle for tlie lo

s in via-

&)

.t 1t 1s

c"
g’

021itry. Thie evidence

rl

perticlls inveolved, evea 1T LU ic only decauce 1t in-
creaces vie cocwnt ol time auring wiilehr the cells are
in sucrencicn.

surings tnge Ifrec-ing =roccse, tlle mezt diastlce

~ e .~y

o elf-rour citer gelidllicetlion. In the tlie study,
tiie ccll cuzenicicng were Irecen and samnpler renoved
Jor tloarlios cod cency after varlious tilae intervals.
Jlc cuzoenclcins vwere oosserved curias Ireezins and
sc..rlcg reoved Llnaecittely upon collidification.
C pOoiat was telcnr &5 e fero-iuiase for the study.
ie rezultis clowved tlhiat tlere woe no decrease in
viasle nunsers ciid e type ol thoew hed no additional
eflcct. It woulld secz, tlien, thot the cciual nrocecs
lce Tornwcticu 1o noet the deleterious orent. The
crrest reduction in nunmcers occurred within 30
minuvtes after solliificatlon witi: nio sisnilicont
reductlon afterwards cduring storare. It appears that
vile recducticn occurc cduring the tinme that the micro-
roonliziic were encoced to tlic ckitical temperature
Detween =10 and -20 C. iy this tenjerziure ronce

c eritical e nct vecn ascertained. In e uel s

}oe
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Liile rene 1s coneilered criticel for most nicro-
crronienc ciudied, end thot externcl ice hias already

foriied, 1t would not seex ualiliely tlint tils is the

reace in ovriiclt the Ianterncl sclutes of tlwe cell
solidify. The interncl ccnectliventc do comprice @

conrler. mizture ol material wiliclhy surely must ave a

v

Treezin~ »oint tict 1:- lower tiizn mest of Lhe sub-

«“
ch
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1CINT HmCnolrid.

The rerotioa of iatrocellular lce wouvld exploin
tl.e serovior of cellz Trocen on nenoranes. Iaternal
Treezin. ccould cource tie elierotions in cell nen-
trincs since ti.cce would oe in dlrect contact with
¢ frczen nmiterial, wlereas thwey would not in th
case of e:terncl ice Ioriction. Tie Tormotion of
introcellvlor fce weuld not occur upon initial
freczing of tiie cuspending liguid which would account
for tle ni~h prondorticn of survivors that were re-

cevered curins the Tirst fornation of ice.

oy

Ti.e dete orecented in tils ctudy on the effects
iven Dy the cells in
1y suscecst tliot tlie cauvse of tne

4

vhenomens 1s ocn increcce 1n cell peirnmeadility. Sub-
lity proviced pro-
tection w.lle tloce tl.at did not siovided o decreace

in recovery «ud an increase in tie c.ouwne of pentoce

releczcd. Altlicusnr tiere 1s thils release of matericl



viczle.
T.ie leclicce mutericol sreccat In the suspending
cediv oo Seenr renorted to possess protective and
recstorative nropecrtiec. Provectlon by the extract hias
“een denonstroted by Strance cud Shon (1964) with in-
crec:zed recciztaice of cells tuct were expoced to
teating, and to a lesser extsnt Dy Postrate and
unter (17€1) wio obtoined senc »rotection from free-
zins W oen the ertrcact wes added to tie suc

diun. 3rciz ond amorozsinil (1¢63) obtained o pro-
PS

e ‘ncreased curvival of E. coll

P

tcetlve focteor for t

thot ere freozen and thowved. Survivel was correlcoted
Wit tie cardolyydrate frocetion ol the extract.
hectorction, in the Torm of stimwulation of ac-
tivit:r, hos Deen dezonstrated Dy Delamnater et. 2al.
(1¢28) with extract cbhtained by leaci:ing cells in
shocnivte Huffer solution. The matericl stimuleted

.

sweon uptalie in tlhe rresence of ~luceose. Sinilar
v oo - - [

-—
v
N
wl

S
2
y
O
1%

1

results were obtained »y Doszmen
tained increcsed oiysen udtalle wiien eiract was
added to cuspensions of frozen ond tnawed cells,
liehler and dertsell (1S63) isclated & crowth stimu-

s

aving sudctonce frox L. colil that they termed



"Factor S." The siizula

scc.ic to De relsted to tle ultreviolel adsoroling

tiut Ve orese.ce ol o et iIn the region from 250-
270 mu cerrecsponds with ecctivity. The results od-
teined in Ull:zs study are in direct acreenent with
thecee odtained in this study Dy loszuon, When the
cell extrzct 1z treated oy tlie same tecimicque he
uccd, tlhie plresernce or abeence of adsorption peclis
es in activity of
tiie cells.

The characterictics of the U-V aosorvias neteric

odbtalned in this study differ Ifron tnose reported Hy

lated U=~V motericl fronm ctarved Acronccter aerorenes

v

with ocn adsorption necli necr 260 nmu. The compound

was conellered to e adcnosine trinhosphate (ATP).
rlowever, tihis noterial could not account for all of
“ue U=V adzorpiion. Stronce and Shaen (1064) obtained

o

& compound adsordins maxinally ot 255 nu frona heated

Acrowm.cter aero~cres that noscesced clharacteristics

of dezminateld nLyporaontiine. Delcmater et. cl. (1S58)
lecciicd a succtonce froz zusneusions of Zzeillus
mesnterivn thiat chcorbed moninally at 2858 mu. At

I 7.0 oase ratios at 2508250 end 2803280 nu were

0.£9 &:d 0.50 respectively. Lio loss of absorption

1
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-

cccurred uvpon dielysic and niydrolycis cnd chroma-
crroshy yielded tiie four nucleotlles precent in
AL Sebrichoand lorr (19C07) obtelned esxtracts from

-

ozmoticelly dicsrupted Azotchacter thwat hid strong

cosorption ot 252 mu viiien wos preswuzed to De RilA.

absorption necr 2C0 nu. Trhe duse ratios of the cor

503250 2ad 2008280 nu were 0.2 and 0.49

Tie bocze rotios ot 2503260 and 2508260 of the
U-7 motericl odtained frem E. ccli in thils ctuly
wvere 0.¢0 anld 0.50 recesndectively. ‘nlle thcze cre in
corecmcst with tliece odtained Dy Delenater for

-

t1lus meocteriun end Linceterg for L. coli,

trer Co not arree wiill tioce ovtteailncd for materiel

foszumon found thot dialysic resulied in o loss
of the st'.&,wt_n~ activity of tiie entrect. The
soectronhotosctric recultc of nerveorated exitracts
in this stuldy slwowed tlie adcence of any abcorption

peall In the U-V rcgion. These dota cre in oppocition

+h

Delancter who revorted no loss

o
ct
y
M)
ct
Vo
(6]
3
O
ta
[t
'_.J
ct
[62)
o

of abscrption or activity uson diclycsis of the extract.
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It adrcors then tiat tle U=V matericl 1s not the
., Since Delconmcter ohtaliied the Tour nucleotides
orecent 1n ZLA upoa nrdrolycsis, it seems unliliely

tiiat the n2rcduct »nreseut 1n the extroct obtained fronm

E. c21i that edsords U-V is IllA.

Wdiitional evidermnce crainst the nroduct beling
A 1z feund in the frecticnction »rocedure. 1.0
U=V uctericl wcs -recent 1l ti.c TCA-inscluble froc-
ticn., alticu~n [JA 1s 1.scludble in cold TCA,
cwuillen (12=0) reserted en acid-csoludle nmatericzl

rolns ot 260 mu relecced froa E. coll wien peni-

o)e

o
o)

I
'J

K]
Y

(]

lin wiac odded vo rrowins culiures. lovever,

product wee never 1lentifled.
T.c clierezcuverizotion of the U-V abdsording motericol
oo wienorise menopnccniaate (AIZP) weas nzde cn tlie basis

of 1tc scluonility 1ia dariwa w:d tie ratio of the
Dacescsusarssuospaate. The slhiospiwate co..cenvration
wegc Ceterizined oy o ceven-minute hydrolyeics in HCL
which would liberate tiie thosphote rroups. Any in-
creccse durins thiz hydrolysis would be attributed
to tlie prccescnce ef di- or tri- rshos:-hetes. Since no
increase was oduielancd, & nonopnhospleite was concluded
as vein
{ tre wnnoepuate croup on tie

pventcocse nes Deen sihovn to eifect the cpeed of color

cevelo ment in the orcinol reaction. aAlbowa and
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Uodreit (1247) uczed tlils ce 2 metiod for differenti-

. ]
cting ptetween S' and 3' linliarces. With 3' linlicres
mosiiow: cclor cdevelopent is ctteined after apnroi-

notely 1 hour zt 100 C, wherecc with o s5' 13 ace
mazimun color develozzent ics cttaclned after 15 ninvutes.

L

.0 increcce woes evident of tle
tubez durins this deterninction. Consequently, it wes
concluced tliet the »nhcsnhcte woe linkied tc the pentose
in & 5' position. From tlie spectrophctomciric dete,
concenitration of zentcese ond phocohate, and the rote
of cclor dcvelopuent, the compound was conglidcred

to oc cdernosine monophosrhate (ANP).

Alticurh otller dote surrect tiet e 1s not pre-
gsent ac the U-V absorbing material, 1t cdoes provide &
rncdel thet fits a 18181 rctio of basetsu
nlite. Zovever, the results odtalned with tliie en-
zyme ribonuclecce stroncly indilcote thet this is
not »resent.

Tie motericl thet 1s ennore:itly co:sicered to

be protein miznt ve neptide. Since no avsorption

vrotein 1ig rrecent or elce the =mprotein lockes the
emino aclidec tiav give tle characterictic absorption

peail-= tyrocine cnd tryptopheane..The Folin recgcent
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SULLARY

Different rercentaces of viable cells were ob-
tzired whnen cuspencsions of microorganisms were frozen
at -C7 C for four rours and tlicwed. Survivel depended
upon tne rnature of tic suspendins mceanstruum. Cells
susnended in phosphate duffer solutions (0.5:) sur-
vived Detter ti.cn cells suspnended in O.GS% saline
solution.

Crushins oz a resuvlt of ice formation was elimi-

cetor cince very few cells were lost upon

Hiy

nzted cs <

Q

sclicification of the mensiruum., The most drastic re-
ducticn in umders cccurred after 1 hour of freezing
with no anprecianle locss oodtained during subdsequent
ctorace.

The rate ol frozen susisensions centri-
buted to tiie decrecce in viable nunders. A clow thaw
was more detrizentel thean a fast theaw,

Dec.tly of the microorgcanisas wae accompanled by
tie relezce of cell constituents into the suspending
mecdium. These rroducts consisted of o protein-like
substance, pentoce, end a sudstance thot absorbed
ultraviolet licht., No deoxypeintose could be detected
end poper cliromatosrazhy showed no free amino acilds.
Leaicre of cell constituents indicated theot a per-

meadility control mechanicn was affected. A corre-

82
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lation existed detween the percentagze of survivors
end thwe conceatration of the leclare products in
tiie suspendine mediun,..

Adsorption spectra of extrects ootained freom
frozen suspensicns of microorganicmns showed that the
ultreviclet aoscroinz natericl hod 2 maximum adsorp-
ticn at 257 zu. Additional spectra of treated extracts
showed that the uliraviolet adcorbing raterial was
neat-stadble, dialyzable, could be adcsorbed from
sclution on orit, and could ve eluted from the lori
Te reported activity of the cell extract appears to
ne reluted with the ultraviolet cbsorbing moterial.

rractionation of cell extracts yilelded four
fructions end cosorption snectra of these frections
demonsirated that the ultraviolet abcorbing naterieal
was recovered in the barium soludle fraction. The
bernavior of the ultraviolet absorbing metericl
durings frocticnation lead to tie conclusion that
thls materieal was not RNA. Loter tests with rivo-
nuclecse confirmed tihls conclusion.

The ratio of tie basetsucarsphosphate, obtained
by physicel and chenlcal mcans, most nearly apnroxi-

4

noce for adenocsine monophosphate. The reletlion-

sin vetween the rate of color development of the
ventoce 1n the orcinol tecst cad the »osition of the

vhospiacte linkeace Indicated tiat the phosphate wes
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linlcd to itie rentoce in the 5' pocition.
IZlccironncrecis of ccll e:itracts obtaincd from

Doth E. ccll end A. zerosenes presented patterns

tict diifcred in 2oth the number ond noczition of
bonds. However, tiie sane miterm was obtained for
sciz cite in tlhe cell s ef
srotecticn cfforded Dy momesiua salts end the de-
trinentzal elffect of clirate and sodium peralleled

lated ribocones.

O

tle Delizvior rencrted for is
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