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Lo SIURY

Storage of svbmerged cultures of Coacidicidas imuiiis grown in the
liquid synthetic mediun of Roesslsr g% al has noct boen a problem, Eighty
to one hundred per cenmt viability can bs maintained for as long as 6 months
in culturss storsd in their own spent medium at 5°C, This survival can bs
improved (particularly during extendsd storags beyond the 6 month interwval)
by replenishing ths carbon and nitrogen sowrces after growth, Cpiimm
phyeical conditions for storage cbtained (a) when the air space to culture
volume ratio ) within the storage container was equal to 1 or less, and
(b) in more ocncentrated cell suspensions rather than in dilutions of normal
growth levels (particularly beyond the 6 month interwvsl). Higher survival
wes obtained with cultures incubated for 14 days than with those incubeted
for either 7, 21, or 28 days, Nelthar shaking nor opening the storage con-
tainers at monthly intervals had an appreciable effect on wurviwal through-
out 12 months storage at 5°C,

Carbohydrates (purticularly glucose) wers of more valus in protection
of arthrospores nat death dus to drying than were protein compounds,
Highest survival (45 to 49 per cent) resulted from resuspension (before
drying) in a menstrum composed of 8 per cent aqueous glucuse with small
amotnts of added gelatin and agar as compared with 36 per cent vith gluccse
alore, and < 1 par cent for the controls, As suspected at the begimning of
these stuvdies, compounds protecting cells againat death dus to drying re-
sulted in improved aerosol stability, Arthrospores resuspended in 8 per
cent glucose before asrosolisation have mintained as high as 27 per cent
survival as compared with 1 per cent or lsss for those asrosclised from a
suspension in their own supernatant liquid (data obtained from the Mycology
Section, SO Division), Higher gurvival to drying was obtained with arthro-

-spores incubated for 14 and 21 days, than vith those 7 or 28 dayw old,

The tempsratire of freesing was more critical than the temperature of
thaving in survival of arthroapores to freesing and thawing, With a ocon-
stant thawing temperaturs of 5°C, approximstely 40 per cent survival to
freezing at ~15°C wap obtaimwd with arthroeporee suspended in their owm
supernatant liquid, as compared with < 1 per ocent for those frosen at ~72°C,
Moreover 40 per cent surviwval to a holding temperature of -72°C gould be
maintained, provided the arthrospores wers first frosen at ~159C before
being pla-ud at =72°C, Almost complste protection against death dus to
=15°C frsszing waa obtainsd by resuspension of cells in 8 per cent aquecus
gluccas bafore fressing., Thias treatment was much less effective with cells
frozen at ~72°0, Concentration of oslls had no appreciable effsot on gur—
vival %o freesing, howsver, larger voluras (20 or 40 ml) of culture sur-
vived better than smaller volumes (5 cr 10 ml), In general, younger cells
survived to a greater extent iban older cells,

A very interesting obserwvation, roted consistently throughout the
studies comprining this report, was the significant, evhancing effect of
glucose on the survival to storage, drying, freesing, and alsc to
asrcasolization,
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1L INIRODUCTION

Relativoly 1little has been published about Coccidicides immitix ovtside
of the fields of epidemiolegy and morphology. Morecver, most of ths published
vork on culture methods has been concerned with growth on solid medium, rather
than with sutmerged growth, The studies with which this report is conceimned
were aimed at the improvement of survival during storage, drying, and freesing
and thawing, The method of approach has been through a study of the nutri-
tional and physical envirommental conditions influencing stability.

Inprovement of stability to drying and/or freezing was of two-fold im-
portance: (a) the viability of stock cultures maintained by lyophylization
was found to be extremely low (< 1 per oent), and (b) it was postulated that
the low asrosol stability of arthrospores aercsolised from liquid suspensions
wvas in soms wy comnscted with poor survival to drying, Studies on the im-
provemsnt of aerosol stability through application of findings on improved
survival to drying were carried out with the¢ cooperation of the Screening
Branch, MB Division, the Mycology Section, SO Division, and Aerobiology Di-
vision,

Z11. MATERIALS AND METHODS
A, MEDIUM
The mejority of these studies were carried oui/:‘aing the glucoss, sxmwonium
al

acetats, inorganic salts medium of Hoessler gt vhich has the following
composition:

Component Molarity
Glucose 0,11
Apmonium acetate 0,08
KoHPO, 0,015
KHoPOy, 0,015
MgS0, - THA0 c.c08
ZnS0,, 70 0.000062

Deviations from this medium are so noted in the results section, The com-
ponerts of the medium wers dissolved in distilled water, with a resulting pH
of 6,6 before autoclaving., Limited oomp%r s0:18 were mude between this medium
and the complex medium of Rosssler at all/ (2 per cent glucose, 1 per cent
peptons, and 0,1 per cont yeast autolyszte),

*See Literature Cited, page 45.

i i MR ot oA




TN S K A 0 TR L S YA 5,5 i ST I 0 S T 8 s IR SRR YRR M T e N LGB R ARSI SRR e

NERIREY S R IPTATIR

B, IROCULUM

Routinely inocula of 3 x 107 %o 4 x 107 arthrospores (0,1 ml of a 14
day culture grown in the same medium as the experimental cultures) were
used., Stock cultures for preparation inoculs were mintained on glucose,
poptone, yeast autolysate ager slant at 59C, Fresh liquid isocula were
Ireparsd at three month intervals,

C. STRAINS

C. immitis, strain Cash was selected (from a collsction of approximately
65 strains maintaired in the Nutrition Branch) for these studies, dus to the
uniparticulate mature of 4its arthrospore suspensions in liquid culture which
enabled accurate ascay of viadle cell count for determimetion of growth.
yield and atorage viability, etc, This strain wvas isnlated from a dissemi-
nated case of ococcidioidamycosis and its virulenos compared favorably with
that of other awvailable airains, Other strains uvill be indicated where used
in the taxt,

D, GROWIH CONDITIONS

Arthrospore cultures wers incubated at 34°C for 14 days (unless stated
othervise) on a reciprocating shaker with a 4} inch stroke at 100 excursions
per minute, The culiwres were grovn in 250 ml Erlemmeyer flasks (50 nl of
asditm per flask) cloeed with rubber stoppers besring thistls tubes packed
vith cotton, This type of closure provided adequate seration for maximum
grovth in the media used sxd vas used in prafersnve to cotton plugs for
safaty reasons,

E. ASSAY METHUDS
1, Viability
Viable counts in fresh and treated cultures were datermined by the

- pour-plats method of ocounting, nsing a plaiing melium composed of 2 per cent

glucoas, 1 per cent psptonm, 0,1 per cent ysast autolysate, and 2 per cent
agare , Apyropriate dilutions of the culturws in tryptose seline diluent
(0.1 per cent tryptose and 0.5 psr cent ¥all in tep water) were used to
inoculate tho pliatea, which wers incubatsd for 42 hours at 34°C and an addi-
tional 16 hours at room temperaturo bsfars counting.

A statistical amalysis (Goldachmidt, 19552/ ) to determine wuriability
of viable cell 2asay amwny cultwres and among plata counts uaing 1 to 12
flagks and 1 to 3 pour plates per flask indicated an wacuracy of % 3,4 per
cont with 95 psr cent oonfidence limita when 3 plates were used for sach of
3 replicate flsaks, :

Additional values (figurws in parentheses) are given in tabls II
(resulta of a typical long-term exporiment) to indicats the upper and lower
limits of valuss used in calculating the mean,
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2, Morphology

The mcrphological development of the cultures was determined by
microscopic examination of wet-mounts of culture saterial suspsnded in
lactophenol blue solution (agueous solution of 20 per ocent, each, lsotic
acid and phenol; 40 per oent glycerel; and 0.05 per oent cotton blue stain),

F. STORAGE CORDITIONS

Unless stated otherwise, duplicate 1, day arthroepore culiures wers pool-
od and stored in liquid suspenasion at 5°C in 8 ounce Duraglass prescription
bottlea (100 ml par bottls) closed with rubber-lined screw caps. The bottles
were stored under static oconditions and wers undisturbed between the monthly
intervals at which viability determimations were mads,

G. DRYING METHODS

Ton nl volumes of arthrospors sultures were added to 50 ml centrifuge
- tubes containing twelve 5 ms glass beads and ocentrifuged at 2000 rpm for 1

hour, Spent supernatast medium wus removed by aspiration and the packed cells
were resuspsnded in the various drying msnstrus to be tested, The centrifuga-
tion and removal of supsrmatant liquid wes repeated, 4n even distribution of
the packed oell paste over ths inside surface of the ocentrifmge tubes was
achieved through movement of ithe glass beads by rotation of the tubes, The
tubes were then placed over calcium sulfate in a depiccator and the air re~
moved by means of a vaounm pump. The evacusted desiscator wes placed at 5°C
faor one week, The dried cultures were resuspsnded in their origiml volume
with eliher frech synthetic medium or tryptose saline dilusnt, and survivael
wvas determined 'y viable plate counts,

H. FREEZING AND 'I'EAHTING METHODE

{

Arthrospore 'rultures in 50 ml pyrex glass centrifuce tubes (10 ml per tube)
were placed in a dnﬁ freese chest at -15°C or sutmerged in an asetone-dry ice
bath at =-72°C and frosen §n puAge. The frosen culturse wers placed in the cold
room at 5°C, or in incubatars at 25°C ar 37°C for thawing, Svrviwvel following
freesing and thawing cycles was determined by viable plate counts,

Y. EXPERDENTAL RECULTS
A, STORAGE
i, Madivm, Temperaturs and Strains
‘ It was noted that liquid suspensions of C. izmitls arthrosporea grown
and stored in Roessler's synthetic medium remained viable afler two

storage at 5°C, whereas thoss grown and stired in complex medium (glucose,
peptonn, yeast autolysats) wers nonviabls. : :




| | Q &, Viabdlity at 5% and 25°C

Preliminary stodies compared the growth medis, storage tempora-
tures, pre-storags supplemsnts, and the strains shown in tadble I, Thres
replicate cultures (5C al per culture) of §. igmitix, streins Cash or M-11
) /e rodsnt isolats from the state of Arizoma) were placed in s'wrage after .
! : the following treatwsnt: (a) untreated (controls); (b) centrifuged and .
| resuspended to the origziral volume in the corresponding fresh growth medinmg
i (¢) oupplemented imsediately preceding storage viiz a finel level of 2.0 per

osnt glucose; and (d) suprlamented immsdiately preceding sterage with a
firal level of 0,25 par cent yeast autolysate,

ks seen in table 1, the main factars affecdting vial:lity during
| storage weres the growth medium and ihe temperature of storags, The addition
| of glucose to the cultures immediately bafore stcrage, enhunced ths survival
| %o three months storage. Although this effect s not proncunced, it was
I consistent and occurred in a majority of the ocultures of both strains growm
| in synthetic medium and stored at either 5°C or 25°C, The addition of yeast
| sutolysate had a dalaterious effect on the viability of storsed cultures,
( Cultures grown in the synthetic meditm maintained distinctly higher viabili~
| : ties at each atorage interval, and the detrimental effect of the 25°C
| storage temperature wma noi as proncunced as in culiures grown in ths complex

b, Effect of Supplemsniation of Cultures Ixmediately Bsfore Storsge

| (1) Strain Cash, Grown in Rosssler's Syrthetic Medium

‘ It wa -hovnz/ that the ammonimm acetate and glucose content

i ‘ of the medium wvas exhanstod during growth of (. famitisn by approcrimetely the

[ 9th and 20th day of incubation respectively, This jnformation, end data in

j tabls I concerning enhancement of storage viability by stpplements of gluscee
| to the crltures, prompted furtber invegtigation of the influence of supple—

J/ menting the culiures befare storage.

|

J . Raplicatu cultures of ths Cash strein were grown ia syn-
thetic medium for 2zl days (to assure complete uxhaunstion of the glucose and
. amonivm acelate vontent of the medima). Triplisate 100 ml sliquots of the
pooled cultures were supplymentsad with ths originsl levels of amaonium
acetate (niirogen sourcs), glucose {carbecn source), or the two in combina-
| tion, with three left unsuprlemented s coutrelz, All snltures weres stored
‘ at 5°C in 8 os prescription beitles and the viability determined st monthly

| inuﬂ&ll.

A+ ghown in tabls II, survivel of &ll cultureg wss 100 por
cent or mors throughout 10 wonihs storsge. Ths giucose supplemsnt wes zore
beneficial to increasad survival than the ammonium acetste supplemwnt, and
the oflects of the two cempuunds vers additive when usud in combinatiorn,
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¢» Effect of Drying and Resuspending in 8 Per Cent Glucose on Sur-
vival at 5°C

Replicate cultures of §. limitis were centrifuged for 1 hour a%
2000 rpm and: (a) resuspendsd in their ovn supernatant liguid as controls,
(b) resuspended in C per cent aquscus glucose®, or {c) resuspsnded in 8 per
cent glucose and dried for ons week in an evacuatsd desiccater over calcium
sulfate folloving removal of the supsrnatant liquid, and agrin resuspended
in 8 per cent glucose, All cultures were placed in storage at 5°C and via- ..
bility assayed at monthly intsrvals,

As indicated in table III, the control cultures and the undried
cultures resuspendsd in 8 per cernt glucose wsintained normal survivel of
approximately 100 per cent throughcut 6 months storage. However, cultures
subjected to drying bsfore wet storage at 5°C, sxhibited a steady decrsase
in survival to 33 per cent at the end of 6 months, thus indicating a deiri-
mental effect of the drying process oa storage stahili.r of the organiss,

In order to re-examine the detrimental effict of drying on
storage stability at 5°C, replicale resuspsnded culturez from othne drving
experiments (testing various dryirng menstrua) were held for 30 days at 5°C
and cssayed for viability, Using the plate counts obtained immediately
after drying as a base line for 100 per cent reocovery, marked decreases in
viability (44 to 99 per cent) were noted after 30 days storsge at 5°C, thus
corrobaruting the data in tabls III. (]

d. Viability at -15°C
(1) Effect of Temperaturs

Two series af ovltures were grown under standard conditiong
for 21 days, placed in 50 ml pyrex glase centrifuge tubes (10 ml psr tube)
and centrifuged at 2000 rpm for ) hour, One series was resuspended in itg
own ogups:natant liquid and the other in 8 per ocent agnecus glucose. 41l
cultures were frozen at -159C, Six cultures (three from easch series) were
imnediately placsd at 5°C to thaw, In order to differentiate between desth
dus to freezing (and/or taawing) ard that due to storage at -15°C, viahle .
‘“ouncs were wade on these cultures to establish a survival base line from .
which the viabls counta during atorags wvers axmressed as rar cent viabdliily,
The remaining cultures wers laft s ~15%C, Three replicates from eech
series were removed from storage at wonthly intervals, thawed at °C, and
assaysd for viability,

As noted in tadle 1V, survival of cultures, in the absence
of added glucose, decreased %o leas than 50 per csnt at the end of 1 month
storage at -15°C, and progreasively Jdecreased to 14 per cent at 6 months,
Improved survival was roted in cultures resuspended in 8 per cent 7luccse be-
fore freezing (77 and 53 par csat at 1 and 6 months, respectively). Howewsr,
in neither instance waps the survival at -15%C equal to the rorml]l suwviwal of
cultures stored at 5°C {approximately 100 per cent at 6 wmonths), '

*See section on Drying for explanation of the upe of 8 per usnt aqueous
glucoas,




(2) Effect of the Freesing Process

To determine vhether the low tempsrature of storage, o
the actual process of freesing and thawing resulted in the sub-standard
storage ntabilit*( at =15°C, replicate arthrospors cultures were stored at
5°C foliowing (a) no treatment, (b) resuspension in 8 per cent aqueous
glucose, and (c) resumpension in & per cent glucose followed by freesing
at ~15°C, and thawing at 5°C,

As indicated in table V, very littls difference in sur-
" wvival was noted throughout 6 months storage between cultures which were
not frosen and those that had been frosen and thawed previous to storage
at 5°C, This indicated that poor survival to ~15°C storage wae due mainly
to the low temperature of storage rather than to the processes of freesing -
and thawing, : :

2. Culture ige

It was _shown that C. izamitis, grown in ths synthetic medium of
Rosasler a4 gl* , reaches maxiwm growth at approximately 10 to 14 days
5 {ncubation, To determine the effect ¢f wvariocus culturs ages on survival
B at 5°C, four series of arthrospore cultures were growm for 7, 1, 21, or
: 28 days (inoculated on suocessive weeks to mature on the sams day) under
standard oondiiions, Three replicate cultures from each age group (100 ml
per culture) were placed in storage at 5°C and assayed for viability at
) wonthly intervals,

As shown in table VI, survival of the 14, 21, and 28 day oultures
remained constant (73 to 88 per cent) for the first three months, however,
maximm survival was obtained with the 14 day cultures throughout 9 months
storage, The 7 day cultures demonstrated a progressive decrsass in sur-
vival to0 a 2 per cent level by the third month,

3, Concentration of Cells

Four series of arthrospors cultures weres centrifuged and resuspended
in their own supernatant liquid to one half, eme, two, and four times the -
origimal culture volume, respectively, resulting in the cell concentrations
shown in tabls VII, Three replicate culturss {100 ml per culture) of each

" conountration were placed in storages at 59C and assayed for viadbility at -
monthly intervals,

Survival at all concentrotions remained at approximately 100 per
cent for the first 5 months, A%t this point survival of the diluted cultures
decreassd at a faster rats than that of the more concentrated cultures, and
at 18 months the concentrated arthrospore suspsnsion alons gave greater than
1 per oent survival,

Ae Volume of Culture Sf:m‘od

% It vas noted that gtorage survival was higher wvhen arthroapore :
cultures were stored in 100 ml volumes than when atored in 50 ml volulon‘/ .

2 :



This prompted studies of the effects of culture ani container volume relation-
ships on storage stability,

a, Varied Culture Volumes in Storage Contsiners of Identical Capaoity

Replicate arthrospore cultures were stored at 3° in 25, 50, 100,
and 200 ml volumes per 8 os prescription bottle as indicated in table VI1I, In
general, viability increased directly with culture volums for the 25, 50, and
100 ml volumes throughout 14 montha, During the firat five months, the vis-
bility of the 200 ml cultures was slightly less than that of the 100 ml
cultures, suggesting that other factors may have been involved in the differsnt
levels of viability, ‘

Varying the culture volume within storage containers of identical
capucity also caused a variation of (a) the ratio of the culture surface to
culture volume, (b) the ratio of air space to culture volume, (¢} the height
of the supernatant liquid above the settled cell laye dJuring stcrage, and
(d) the depth of the settled cell layer, Ainy interpretation of these data
must include all of these relationships, and therefors further examination was

necessary,

b, Varied Culture Volumes Storod Under Conditions of Constant Ratios
of (a) Culture Surface to Culture Volume, and (b) iir Spacs to
Culture Volume

Replicate 25, 50, 100, and 200 ml volumes of arthrospore culture
were placed at 5°C storage in 2, 4, 8, and 16 os prescription bottles, respec-
tively, The warious sised bottles had the same general shaps, resulting in
constant cuvlture surface to culture volume, and air space to culture volume
ratios within the storage containers,

As shown in table IX, very little difference in survival was noted
among the various volumss of culture, throughout 1i montha storage, in con-
trast to the data in table VIII, This suggested that in ths previous experi-
ment the air space within the storage containers might have inflvenced via-
bility to a greater extent than culture volume, since viabiliiy waried directly
with an increase in air space to culture volume ratio in the first riment
(tabls VIII) but remaired the same in the second experiment (table IX) when
the ratio was the same even though the cultur» volume was changed,

¢. Oxygen and/or Carbon Dioxide Diftusion During Storage

The data from the two previous experiments indicated possible
offects on viability due to changes in the garsous composition above the
cultures, These changes might be the result of either shaking or opening
the cultures at the monthly plating intervals, This was examined by placing
twelve series of replicate cultures (100 ml per 8 os prescription hottls) in
storage at 5°C, Culture series 1 was ahaken vigorously and opensd at 12
monthly intervals for viability determinatioms, In contrast, culture series
2 through 8 were shaken and opened only once, each, for plating at the 2nd,
3rd, 4th, 5th, 6th, 9th or 12th monthly interwval, respectively, Culture
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seriss 9 through 12 were shaken vigorously at each monthly interval, but
opened for vlating only at the 3rd, 6th, 9th, or 12th monthly interwval,
respectively, Viability determinations were mmde on all cultures at the
ond of 12 months storsge, '

As indicated in tadls I, no significant difference in survival
was noted among (a) cultures ahaken and oponed at sach interval, (b) cul-
tures unshaken and unopened, and (¢) cultures shaken at each interval but
muopened (59, 60, 6, per cent, respectively) at the end of 12 months stor-
age,

B. DRYING

Studies at the Nawval Biological Laboratories and the Screening Branch,
MB Division indicated very poor survival of liquid grown C. immitis arthro-
spores to aerosolisation (appraximatily 1 per cent or less). Stndies in
the Futrition Branch, MB Division indicated equally poor surviwval to
Yyophylisation and to drying, alonme (< 1 per ceat), This information sug-
gosted a relationship between the lack of stability to drying and poor
asrosol stability, It waes postulated that studies on the individwml pro-
oesses involved in lyophylisation (drying, freesing, and reduced pressure),
with the 1dea of improvement of survival to each, might solve the problem,
or at leagt greatly improve the stability of C. immiiisg to asrosolisation,

l, Adjuvants
a., Screening of Drying Menstrm

- Prelimipary experiments with three strains of C. Limitis in-
dicated survival to drying of less than 1 per cent. Ths improvsment of
survival by resuapendiry arthrospors suspensions in various menstrua before
drying was examined, Arthrospore suspensions of the Cash strain were
centrifuged at 2000 rm for one hour and resuspended in aquacus solutions
of glucoss, sucross, lactese, peptone, tryptoss, gelatin, sodivm caseimte,
glycerol, and sodium chloride in ths levels recorded in table II, All
cultures were recentrifuged following viability determinations, and the
supernatant liquid was removed by aspiration, The resulting paciced cells
wers dried over calcium sulfate in an evacuated desiccator at 5°C for 1
wesk, resuspsnded $o the original volume in fresh synthetis medium, and
oounted for viabilitly.

As shown in table XI, carbohydrates enhanced survival to drying
to a greater degree than protein substances tested, with 8 per cent gluccse
mesulting in the highest survival (12 per cent as compared with 0,01 per
oent for the control cultures),

b, Glucose

Replicate erthrospcre cultures were resuspended in 0, 8, 12, 16,
20, and 40 per cent aqueous glucose solutions before drying, in order to
determine the optimum concentration of glucose for snharcement of stability
to drying, From the data in table XII, it appsared that all of the gluoose
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concentrations testad resultsd in essentially equal survival, It was pestu~
lated that the higher survival resulting from resuspension in 40 per cent
glucose may have resulted from faulty plate counts due to high viscosity of
the glucose solution,

0. Glycerol

Replicate arthrospore cultures were resuspsnded in 0, 5, 10, 15,
20, and 40 pex cent aqueous glyoerol solutions before drying, As indicated
in table XIII, the use of 5 per cent glycerol resulted in the highest sur-
vival to drying (25 per cent as compared with 0,36 per cemt for the comtrol
cultures)., The very low survival resulting from the use of 15 to 40 per ocent
glycerol may have been due to toxicity of these concentrations,

d, Soviet Menstrum for the Storsge of Vaocines

Favorable results from storage of wvaccines in a mensirmm coe-
posed of 15 per cent sucrose, 1.3 per cent gelatin, and 0,1 per cent agar were
reported hy Soviet scientists/, An investigation of this menstrunm, pertin-
ent to its value as a pre-drying menstruum for C. imuitis wes initiated,
Replicate arthrospore cultures were resuspsnded in the Soviet msastruum, in a
modification of the menstruum in which 8 per cent glucose was subatituted for
15 per oent sucrcse, in 8 per cent gluocose, in 15 per cent sucrose, and in
their own supernatant liquid, Other stuldies were ocarried out, to determine
optimmm lsvels of the various components of the menstruum, and to evaluate
the addition of glycerol or the substitution of glycerol for gluocee in the
nodified mensiruum,

As shown in table XIV, highest survival to drying wms obtained
fyom Modifications I and IT of the Soviet menstruum in which glucose was sub-
stituted for sucrose (45 and 43 per cent, respectively, as compared with 37
and 0,31 per csut for the origincl Soviei menstruum and the coptrol cultures,
respectively), Glycerol was found to be inferior to glucose as & substitute
for sucrose.

2. Culture Age

Replicate arthrospore cultures incubeted for 7, 14, 21, and 28 days
under standard conditions {inoculated on successive weeks to mature on the
same day) were resuspended in 8 per cent aquecus glucose solution before
drying and evaluated as to the effect of age cn survival,

As indicated in table XV, higher survival was obtained with either
the 14 or the 21 day cultures (29 and 39 per oent, respectively) than with
the 7 or 28 day cultures (14 and 1.4 per cent, respsctively),
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C. FREEZING AND THAWING

1, FPhysical Studies*
a, Tempesrature of Freesing and Thawing

Replicats 21 chy arthros culturu of strain Cash were frossm
an maspe at <15°C (deep freese chest) and at -72°C (acetcne-dry ice bath),
Three cultures from each of the two freesing methods were thawed at 5°C,
25°C, and 37°C, requiring approximately 8, 1, and 0,5 hours, respsctively,

As shown in table XVI, survival of cultures frosen at -15°C
aversged appraximately 40 per cent, as ocompared with < 1 per cent for
oultures frosen at -72°C, Thawing temperature had less effect on swrviwval
than temperature of freesing, with slightly higher recoveries at 5°C, than
2%-25° or 37°C, Shell freexing at -72°C resulted in equally poor survival
23 fressing an masse at the same temperatiure,

Seversl cbservations on the freesing process in the two methods
indioated that mare than one facter may have influenced survival to frees-
ing, It vas noted that cultures frosen in the acetone=dry ios btath bsgan
freesing immediately, from the periphery towmrd the oenter of ths container,
The samples were complstely frosen in approximately 1.5 minutes, vith an
elevated peak forming in the center of the:frosen mass, This indicated
possible mechanical stress within the cultures, On the other hand, cultures
placed in the deap-freese cheet st -15°C remained in a liquid super-coolsd
state for approximmtely 5 bours, at whioh time smap~freesing occowrred in a
fraction ef a second when the tubes were moved for cxamimtion, The sur-
faces of these cultures were psrfectly smooth and level, It appesared that
freexing was actually gquicker at -15°C, and that physical factors in the
freosing process sccounted for differences in gurviwval at the two tempera-
tures,

(1) Coll Deatruction

It was not possible to establigh by microscopic examimation
whather the freesing and thawing process at -72°C resulted in physical
breakdown of oells, EHevever, msssurement of cell protsin oontent of the
‘supsroatant liguid of culturss before fressing and afier thawing indicated
collular destruotion, Protein determinations (standard biuret msthed) wers
made on the supernatant liquid of 12 replicats 21 day arthrospore cultureas,
Sir cultures were then frosen at ~72°C and the other six at -15°C, 411
cultures were thawsd immedistely at 5°C and the protein dsterminations re-
peated,

As indicated in table XVII, a 20 psr cent increase in
protein was noted in the supernatant liquid after freezing at -72°C,

*In sonw of theme atudies ths srthrosporss were resuapondad in 8 per cent
glncose because of ita beneficial effect on surviwal to drying,
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suggesting a release of cell protein upon rupture of the cell wall, This may
account, ir part, for the very low recovery (0,09 per cent) of spores follow-
ing freezing at ~72°C, No significant change was noted in the protein content
of the supernatant liquid of cultures frosen at ~15°C, Ths 3, per cent re-
covery of spores frosen at the latter temperaturs suggested that a factor(s),
other than rupture of the cell wall, may be involved in poor survival to
freezing, This poatulation was strengthsned furthsr by the fact that loss of
viability during freezing at «15°C, but not at-72°C, could be overcome almost
complstely by resuspension of spores in 8 per cent aqueous glucose before
freesing®.

(2) Effect of Temperature

In order to separate the effect of temperature from other
factors reducing the viability of cultures frozen at -72°, replicate 21 day
arthrospors cultures were resuspended in (a) their own sunernmatant liquid and
(b) 8 per cent aqueous glucose, Thres cultures from each suspeision were
frosen at ~15°C and held at that temperature for one “our, Thres addiliomal
cultures from each suspension were frosen at -15°C and placed at ~72°C
(acetone-dry ice bath) for one hour. 4 third séries from each suspension was
frozsen and held at -72°C for ons hour, All cultures were thawed at 5°C and
survival determinsd,

As shown in table XVIII, survivel of cultures which were
frozen in their own superunatant liquid at -15°C and paintained at efther -72°C 0
o =15° for one hour was 32 to 39 per cent, as compared with < 1 per cent for
the cultures which were frozen at ~72°C, suggesting that temperature of frees-
ing was more lamportant than the holding semperature in survivel to freesing
and/or thaving, Similar survival relaiicnships were trus for culturss resuspend-
od in 8 per cent glucose befors freezing, '

b, Repeated Fressing

Replicate 21 day arthrospore cultures were resuspended in (a)
their own supernatant ligquid and (b) in 8 per cent aqueous glucose solution,
frozen at -15°C, and thawed at 5°C, This procedure was repsated a number of
times, Viability determinations were msde on the original suspenaiona and
after sach freezing and thawing cycls,

. As shown in table XIX, the greatest loss in viability of cultures
frozen in their own superpatant 1iguid ocourred after each of the first two
cycles (40 to 50 per cent), thereafter a leveling off ocourred with a 3 psr
cent decrsase after each successive cycle, Resuspension in 8 per cent glucose
resulted in marked reduction of viability loss so that approximately 50 per
cent of the spores survived 5 freese-thaw cycnles,

¢, Volume of Cell Suspension

Expariments to determine the effect of repeated freesing and thaw-
ing ~ycles (5 to 8) resulted in a reduction in volume of thy 10 ml culture
aliqu.®s to 2 to 5 ml due to the removal of successive 1 ml aliquota for %
viability determinations, To determins whether the diminishing culture volumse

a8 section C,, 2., a., this report,
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had any affect on viability to succeasive freeszing and thawing, replicate
urthrospore cultures were dispensed in 5, 10, 20, and 40 ml aliquots, twice
frosen at -15°C and thawed at 5°C, Survival determinations after each cycle
(table XX) indicated approximately 20 per cent higher survival of the 20 and
40 ml aliquots, than that of the 5 end 10 ml aliquots afier ths first cycls,
but no significant difference among the varioua volumes following the sacond
freezing and thawing cycls,

d. Concentration of Cells

Raplicate arthrospors cultures were centrifuged and resuspendsd
in (a) their m supernatant liquid, amd (b), (c), ard (d) to ome half,
twice, and four times the original volumes of their supernmatant liquid,
respectively, frosen at <15°C and thawed at 5°C, Very littls difference 6
in survival among cultures with conoentration levels of from 66 to 750 x 10
spores per ml, as indicated in table IXI,

e, Packad Cells Versus Suspended Cell~

A comparison of survival to freesing of packed ocells (super-
natant 1iquid removed) and suspended cells was made by centrifuging
replicate arthroapore cultures, resuspending one half of the cultures in
their own supernmatant liquid and the other half in 8 per cent glucose, Ome
half the cultures in each of thsse two groupe wers recentrifuged and the
supsrmatant liquid removed, Triplicate cultures from each of tho resulting
four groups (suspensions and packed cells from the culture filtrats and
glucose-suspended cultures) wers frosen at -15°C and thawed at 5°C,

Survival determimations (table XXII) indicated higher recovery
(40 per cent) of packemd cells than that (22 per cent) of cells suspended in
oulture filtrate, However, this relationship was not apparent with cells
treatad with 8 per cent glucose, ‘

£, Age of Cells
(1) Various Incubation Periods

Replicate arthrospore cultures were grown under standard
conditions for 7, 1, 21, and 28 days, and (a) resuspended in their owm
supsrmtant 1liquid, (b) resuspended in 8 per cent aqueous glucows, and
(e) diluted 100 fold in 8 per cent glusoss., Three culturss from each age
group wers frosen at -15%C and thawed at 5°C, The freesing and thawing
process was repsated a number of times,

As shown in tadls XXIII, gurvival decreaped with age in
culfures susperdad in their own aupsrnatant liquid, with a distinct line
of damarkation occurring between the 14 and 21 day cultures. Thie difference
wes not as pronounced in cultures frosen in the presence of glucoss,:
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(2) Bffect of Spent Medium

15

To investigate the possibility that the presence or absence of .
some end-product in culturs filtrats of young or old cultures produced the . i
differences in the survival ahown in table XXIV, replicats cultures of strain :
Cash were grown for 1, ahd 28 days, Cultures from each age group were resu-
spended in (a) their own supernatant liquid, (b) supernatant liquid from the
other age group, (c) 8 per cent agqueous glucose solution, and (d) fresh
synthetic medium (the same medium in which they were grown), All cultures
were frosen at -15°C and thawed at 5°C, The freesing and thawing process wvas
repeated several timss, .

Several observations were made from the data given in tabkle
XXIV: (a) the younger cells were again more stable that the older cells,
(b} there was no sigrilicant difference in the effsct on survival between the
14 and the 28 day old culture filtrates, and (o) the absence of culture
filtrate (resuspension in fresh medium} more than doubled the survival in
either age group, The latter obssrvation could either have been due to ihe
lack of some toxic end-product or to ar inoreuse in the glucose concentration
(0,11 M) in the suspending fluid,

2, Effect of Adjuvants
a, Glucouse

The optimum level of glucose for increasing survival to freesing
was investigated by resuspending replicate cultures of strain Cash in O, 5,
10, 20, 40, and 80 per cent aqueous glucose solutions, freesing at -15°C and
thawing at 5°C,

It was evident from data in table XXV, that glucose improved the
survival to freezing at -15°C (and thawing at 5°C), and that there ws little
difference among the 5 to 40 per cent levels, It was postulated that the
inconsistent results in experiments I and II were dus to (a) poor dispsrsion
of cells throughout the glucose solutions (because of the viscoeity of the
higher levels of glucoae? and/or (b) the resulting loes of cells adhereing to
the inmide walls of pipettes. In an atismpt to eliminate these factors in
experimsnt III, the cultures were shaken from 5 to 10 mimutes on a Kshn T
shaker and the pipettes used in mal:ing the first dilutlions for plating were
rinsed out in the diluting fluid tiiree times, As shown by the results, s »
uniform survival of approximately 100 psr cent was obtainsd in experiment IIT . ",
throughout the range of 5 to 40 per cent glucose rolution., Similarly, the
control cultures in experiment III wers highar than those in the firwt two

experiments,
b, Glycerol

The optimum level of glycerol for increasing survival to freesing
was investigated by resuspending replicate arthrospore cultures in 0, 5, 8,
10, 20, 30, 40, and BO per cent aquecus glycerol, freesing at ..15°C and thaw
ing at 5°C, As shown in tabls IXVI, all concentrations of glycerol resulted @
in an increase in survival to freesing and thawing, with 20 per cent as the
optimm (83 per cent as compared with 36 per cent for the controls),




¢, Combinations of Glycose and Glycerol

An investigation of the combined effects on swvival to frees-
ing and thawing of glucose and glycerol was made by preparing ouspending
menatrus containing the various levels of these two compounds shown in
table XXVII, Stcck solutions of each compound previcusly showing maximum
protective effect {8 per cent glucose and 20 per cent glycercl) wers com-
bined in glucose:glycerol proporiions of 10:0, 9:1, &:2, etc, Replicate
arthrospore cultures were resuspendad in each of the 11 menstrua, frosen
at -=15°C and thawed at 5°C,

The protective effects of the two compounds were not additive,
Survival of cells in the various menstrua was not greatly different,
averaging approximately 90 per cent, as compared with 37 per cent for the
controls,

16
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TABIX I, EFFECT OF TEMPERATURE, GROWTH MEDIUM, AND SUFPIEMENT ON STR-
VIVAL OF CASH ARD M-11 STRAINS OF . DMMITIS TO STORAGE

STRAIN, MEDIUM FER CENT vnsm?z‘/
m mmn 1 k. 2 m‘ 3 l‘bo
5o¢ 25°C 500 25¢C 500 259¢
Cagh - Synthetic
Control 01 104 106 93 65 14
Fresh 18 134 122 Yy 56 25
+ Glucos 12 109 102 110 7% 52
+ Teast - 758/ W, 17 98 %9 55 16
Cash - Complex
Control 47 <1 7 - 1 -—
Fresh 96 <1 A4 - 3 —
+.G1lueoce 63 <1l 39 -— 16 —
® + Yoast - 758/ n <1 % - 2 -
M-1) - Synthetla
Control 93 80 100 62 14 36
Tregh 12 97 82 63 7 10
+. Gluoos 95 104 86 7 )] ‘{z
4+ Yeast - 79‘/ 72 67 58 » 53
R-11 - Cowplax
Contrel 78 13 70 1 58 -—
Fresh 1 26 31 <1 62 -
+ Yeast ~ 759/ 85 20 68 <1 % -

a, Msan values of three rsplicate cultures,
b, Suffiocient gluccse solution added to culture to bring glusocse oconcen~

tration to 2 per zent,
6. Sufficient Yeast 75 solution added to ocultwre to bring Yesst 75 con

ocentration to 0,25 per ocent,

i . i
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TABIE VI, EFFECT OF CULTURE AGE ON SURVIVAL OF G. DOMITIS AT 5°C,

i

CULTURE AGE oggg}xnm, PER CENY V. ApzLITrV
1Mo, 2Mo, 3Ho, 6Mo. 9 Mo,
days x 10° -
© 28 344 75 73 73 52 37
2 316 85 L 8 41 2
L 3 8 88 82 72 5
7 250 72 33 2 <1 <1

a, Msan values of three replicate scultures,
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TABIE XI, EFFECT OF DRYING MENSTRUUM OR SURVIVAL OF

€. IM4TIS TC IRYING.
DRYING MERSTRUDMY VIABIZ COUNT SURVIVAL
Predrying Postdrying
x 10° x 10° 4

8% Glucoce 240 - 28 12
4.5% Glucose 304 25 8,2
8% Suocrose 292 U 48
4.5% Sucrose 241 9.4 5ok
8% lactose 287 3.4 ) . L2
4% lactose 282 L6 0.6
10% Sodium Caseinzate 184 0.2 0.09
5% Soditm Caseinats 179 6.3 . 3.5
D 5% Peptone 268 0,2 - 0,08
1% Peptone 289 0.2 0,07
5% Gelatin 249 0.4 0.14
1% Celatin 151 0,2 0.43
0,85% HaCl 70 0.1 0.04
S&turatod NaCl b5 0.1 0,04
) Tryptoss Salise Diluentd’ 282 0.9 0.31
5% Glyoerol 83 8.9 3.1
Cultur.—;’;ltnto (CmtrolT 25 0.27 - 0.01_

a, Centrifuged growth resuspended ia the msustrumm, rsoentrifuged, and
the supernmatent liguid removed before drying.

b, Mean values of 3-6 cultures (5 experiments),

6. 0,1 per oent tryptose, 0,5 per cent HaCl,

4. Glucose, ammonium acetate, inorganic salts medim,
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T2 XTI, mtl' OF RESUSPERSIOR IN GLUCOSE ON SURVIVAL

or ¢, DMITIS TO DRYING,

DRYING VIABLE oomml/

MENSTRUUM SURVIVAL
Predrying 2ostdrying

£ Glucose x 10 x 104 8
0,23 0,08

151 50

176 7

172 55

316 164 52
29 166 |

REE

‘SSKSmo

a, Mean values of duplicate oultires,

b R 9 5 i ot i S i e s Bt i




TABIE XIII, EYFECT OF RESUSPERSION IN GLYCEROL OF SURVIVAL

OF C. DOOTIS TO DRYING.

DRYING vusz coord
MERSTRUTM Predryinsg R'“ﬂ'é'_ll SIRVIVAL
% Glyoesrol x 10° x 10 %
0 290 10 0.36
.5 256 & 25
10 300 35 12
15 238 6 3
20 168 4 2
40 132 1 0.7

a, PMoan values of three replicate cultures,
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TABIE XIV, EFFECT OF RESUSPENSTON IN SOVIET MENSTRUUM ON SURVIVAL
OF C. DTS TO DRYING,

30

VIARIZ countd’
DRYING MERSTRUUM SURVIVAL
Jredrying Postdrying
x 106 x 196 2
Culture Filtrate 22 0.85 0,31
Soviet Memstrum 300 110 37
Modification 12/ 292 131 45
Modification 114/ 314 138 9
Modification IIT 254 21 8
Modification IVL/ 26 92 2
Glucose 8s 290 108 36
Susroee 15% 78 53 19
Glyoarel % 280 - &8 &)
Gelatin 0,18 198 0.75 0.38
Celatin 1.3% 252 3.7 1.50
Gelatdn 258 208 L3 0,63
Agar 0.2% 284 65 23"/
Ager 0.3% 302 5 1t/

2, Mean valuss of 3 to 18 cultures, in 6 separste experiments.

b, 15 per cent sucrose, 1.3 per cent gelatin, and 0,1 per cent agar,
¢, 8 par ocent gluaoss, 1,3 per osnt gelatin, and 0,1 psr cent agar,
d, 8 psr cent glucscss, 0,7 par cent gelatin, and 0,05 per oent ager,

e, 5
r., 8

0, sent agar,
g. O

Te

IR TOATREY SRS It T g S R R P TR

per cent glycerscl, 1,3 per cent gelatin, and C,) psr oent agar,
per oent glusose, 5 per cent glycsrol, 1.3 per cent gulatin, and
1 per

2 and

0,3 per oent did not permit drying of these cultures, thus
sulting im the high survival in these cultures,
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TABIX XV. EFFECT OF CULTURE AGE ON STRVIVAL OF §. IMMITIS

X T0 DRYING.
L
AGE OF CULTIRE VIABLE COTNT SURVIVAL
Predrying  Poetdrying
days x 10% x 104 4
28 190 2.6 L4
2 236 ” 39
U 2R () 2
7 Lo 20 %

a, Mean walnes of duplicate cultures suspended in 8 per
cent glucose,
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TABL® IVI. EFFECT OF FREEZING AMD THAWING OM SURVIVAL OF
¢ DOOIIS
METEQD OF METHOD CF VIAR'Z COUNd
FREEZING TEAVING —— SWVIVAL
Profreecing Pogt~thawing
| x 10° x 10° <
Cold-Room
Inoubater
Bath (= Ineubator
(=72%¢) “(37.5%) 300 0.05 0,02
- ] Cold-Boom
Incubater
Froesey (25°C) 27k 100 35
C1sec - —
) (37.5%) o 108 w0

4, Mean valuss of tripliorte aliquots,
b. Frosen en-macse (rot shell frosen),

YT MUK e TR BRI e 2, - e

B NS e




TABIX XVII,

3

EFFECT OF TEMPYRATURE QF FREEZING ON RELEASE OF

CELL PROTEIN EY G, DMCTIS

FROTEIN IN SUPELRATAET uaml/

mMAIm SURVIVAL
THE Prefreexing Pestiroesing Inerease ‘
c ng/ml ng/ul 5 g
T2 1.5 188 2.5 0.09
-15° 153 1.5 0.65 k3




34

TABIE XVIII, REYFFECT OF TEMPERATURE (OF FREEZING ON SURVIVAL
: or c. DOTIS. :
— VIARLE courTd
TREATMERT MERSTRUIM Prefreesing Postfrmnini STRVIVAL
x 10° x 10°  J
Fresen aad Culture ‘
it 410 158 39
Held for 1 s Tor
ocend
Bowr at -159C Glucose m 302 3_1
P Culture
Mosen at -15°C Filtrate AdA 142 32
end Held for & Per oent
1 Gowr at ~72°C  Cluoose 396 b 62
Frosea aod Culture
Held for 1
8 P
How a =T2C  gperget™ 3 0.38 0.12

a, Mear values for thres replicate cultures.
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TABIZ XIX, SURVIVAL OF G, DMCTIS TO REPEATED FREEZING
(-15°c) AND_THANING (5°C).

. — RicmNAL  NOCER OF FIEIZIWG AND THAWING CYCLESA/
MERSTROTH covar 1 2 3 % s
‘ x 10° $ s % % %
' - - Culture '
e Filtate 2% 2 W 7 4 0.6
8 Per Comt
i 250 9B T2 65 % 3

a, Macr survivel values of thres replicates culturss,
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TARIE XX, XFFECT OF CULTURE VOLIME ON SURVIVAL OF C. DOQTIS

ORIGDUAL O, OF FREEZING AND THAWING CYCLESS

VOLOME OF
ALIQUOT CCURT 1 2
» x 10° £ 3
5 3% A3 25
10 348 43 25
20 328 62 22
A0 312 61 22

8, Nean survival values for three replioste cultures,




10 FREEZING (~15°C) AND THAWING (5°C).

TABIE XXI., EFFECT OF CELL CONCENTRATION ON STRVIVAL OF C. DMIIIS

m)m%non Promo:;.n"m w::::/f.runu SURVIVAL
x 10° x 10° s
= 7%0 206 2
® x 272 9% 35
- pLT3 b 29
£ 66 18 7

a, Mean valuss of thres replicate cultures.




TABIE XXTI, COMPARISON OF SUAVIVAL OF PACKED CELLS AND SUSPENDED
CELIS OF C. DOCOTLS TO FRERZZING (~15°C) AND THAWING (5°C),

FREEZTNG CONDITION VIARIE COUNTS EVIVAL
MENSTRUTM OF CELLS Frafreesing krstfreesing "
x 10° x 10° %
Suspended 20 65 28
Culture
Filtrate Packed
(Filtrate 264 107 40
Temoved)
8 Per Cont $uspended 258 26 84
Glucoge l(’lahd
Gluoose
scintica 25, 18 72
removed)

&, Msan valves for three replicate cultures,
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TABIE XXIII. KFFECT OF AGE OF CELLS ON SURVIVAL OF §. DMMITIS 10
FRERZING (~15°C) AND THAWING (5°C).
FRERZTNG \® @ ORiGrnaL  'O. OF FRERZING ARD THAWING CYCLESS
MERSTRUUM CELLS coume 1 2 3 A& 5
days x 10° £ % % % s
" 338 53 9 8 3 0.8
(o}
ulture u 320 " B n 8 2
Filtrate 2 328 18 6 1 0.5 6.3
a“k . e -
" 2.9 45 1
Culiure Dilnted ‘ » » 2 , 3
3,10 75 6
old in U 56 5n &5 3
2 3. 7 . 28 2
8% Glncoee & %6 & 3%
28 2,96 50 a4 3 3 -
' 78 304 8 I I T
Culture Resu= .
spended in &% 21 320 61 [x) 36 36 36
Glc
Tooue 28 320 5 8 01 29—

a, “ean swrvival valugs for thres repliocute eultures,




TASLE XXIV, EFFECT OF CULTURE AGE ON SURVIVAL OF G, DMTIS T0
FREEZING (~15°C) AND THAWING (5°C),

AGE OF  FREEZING RIGINAL NO. OF FREEZING AND THAWING CYCLESS
(ELLS  MENSTRUUM COUNT 1 3 3 T
days oz 10° $ ] $ ]
ur:;{;:.lhm 256 26 9 3 2
N rme % o#moom 32
o 282 s 6 23 2
® et 2% n 5 3
22 Day Culture
Filtrate 2% 20 5 1 0.6
Uy odemrs a8 v 3 0.5 0.3
2
aomﬂ 02 66 45 32 P
. | Fresh
. e =2 56 28 7 12

a, Mean survival valusg for three replicats ocultures.

.
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TABIE XIVI, ErfFECT OF GLUCRROL OF SURVIVAL OF §. D@UTIS T0
FREBZING (-15°C) AKD TEAWING (5°C),

FREEZING CRIGIRA VR
MEXSTRUTM R strVIVALS/ AVERAGE
< Glycsrol x ]gb < 'R
0 | m’ 258, 342 3" 37y 36 36
5 332 68 68
-8 260, 262 62, 63 . 63
1 328 75 75
@ 2 nz, 152, 304 84, 8, 82 83
A0 70, 114, 208 46, 69, 66 6
80 25 6 é
8, Valuss from separate experimsnts, Each valus represents the
P mean of 3 ganmples.
‘% 3 -
;' .
f: | i fedhitos e R e " - .
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TABIE XXVII, COMBINRD KEFFECT OF GLOCOSE AND GLYCEROL ON SURYVIVAL OF
G. D(TIS 70 FREEZING (~13°C) AND THAWING (5°C),

R
Cet by

FRERZING MERSTRUUM VIAELE COUNT SURVIVAL
O
20 0 2% Az 95
18 0.8 258 192 %
16 L6 252 218 &7
w24 250 208 &
e 2 3.2 22 85
1 4.0 290 246 85
s A8 266 262 9
6 5.6 310 268 87
4 6k 324 274 85
2 7.2 302 282 93
. o 8.0 282 298 106
« 0 o 310 16 ky ]
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Y. CONCLUSIOIS

The following general conclusions may be stated frem the results of
this stody:

1, Optimzm storage stability ot 5'( wag optained with li-day old
arthrospores supplemsnted with glusose and ammorium acetste cr harvested
from syntheiic medium and resuspended in 8 per ocent gluoose,

21(( The ratio of the air spece to culture volwss within the storsge
container was oritical, with best stability obtained at a matio of 1, oz
less than 1,

2./ Disturbance of the storage containers (i.e,, shaking or open-
ing) during ntorsgo had no effect on viability,

1..9 Resuspension of arthrespores in Q?p.:-«-t)glucou markedly
incressed survival to drying, freesing and thawing, and aarcsolisation,

ijbwiuthmonummun‘cyoh,thomm.of
freesing ws wore critical for swrvival than the temperature of thawing,
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