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Storage of srbmergd cultures of Cgeo~l±Ao ±u±+A grown in the
liquid synthetic mdium of Roesuler j I has not been a problem. Zighty
to one hundred per cent viability can be maintained for as long as 6 months
in cultures stored in their own spent medius at 50C. This survival can be
improved (particularly during artended storage beyond the 6 month interval)
by replenishing the carbon and nitrogen sources after growth. Optimum
physical oondij4ons for storage obtained (a) when the air space to culture
volume ratio () within the storage container wis equal to 1 or less, and
(b) in ae eonentrated cell suspensions rather than in dilutions of norml
growth levels (particularly beyond the 6 month interva). Higher survival
ws obtained with cultures incubated for U4 days than with those incubated
for either 7, 21., or 28 days. Neithr shaking nor opening the storage con-
tainers at monthly intervals had an appreciable effect on burvival through-
out 12 months storage at 50C.

Carbohydrates (paLrticularly glucose) wre of e value in protection
of arthrospores against death due to drying than were protein c"mpounds.
Highest survival (45 to 49 per cent) resulted from resuspension (before
drying) in a mnstrtm compoeed of S per cent aqueous glucose with sall
amounts of added gelatin and agar as compared with 36 per cent with glucose
alone, and < 1 per oent for the controls. As suspected at the beginning of
these studies, compounds protecting cells againat death due to drying re-
sulted in improved aerosol stability. Arthrospares resusndMed in 8 per
cent glucose before aerosolisation have maintained as high as 27 per cent
survival an comparad with I per cent or less fer those aereolimed from a
suspension in thei own supernatant liquid (data obtained from the Woology
Section, SO Division). Higher survival to drying we obtained with arthro-
-spores incubated fo 1 and 21 days, thin with thoe 7 or 28 days old.

The temperature of freezing wea more critical than the temperature of
thawing in survival of arthrospores to fresi and thawing. With a con-
stant thawing temperature of 500, approximately 40 per cent survival to
freezing at -150C we obtained with arthroepores suspended in their own
supernatant liquid, as compared with < 1 per cent for those frozen at -720C.
Moreover 40 per oent survival to a holding temperature of -720C could be
maIntaineAti, providd the arthroepores were first frosen at -15ec before
being pU --.1 at -720C. Almost complete protection against death due to
-150C freiang was obtained by resu'ipension of cells in 8 per cent aqueous
glucose before freasing. This treatment we mch less effective with cells
frozen at -720%. Concentration of oells had no appreciable effect on cue-
vival to freezing, however, larger voltmas (20 or 10 al) of culture sur-
vived better than smller volumes (5 or 10 ml). In general, younger cells
survived to a greater extent than older cells.

A very interesting observation, noted consistently throughout the
studies compricing this reoprt, w" the significant, euhancing effect of
glucose on the survival to htorage, drying, freezing, and also to
aerosolisation.

.
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Relativoly little has been published about C4Jgi4dg m outside
of the fields of epidemiology and morphology. Msoreor, met of the published
work on culture methods has been concerned with growth on solid mediva, rather
than with submerged growth. Th studies with which this report is conceimed
were aimed at the improvement of survival during storage, drying, and freesing
and thawing. Th method of approach has been through a study of the nutri-
tional and phsical environmntal conditions influencing stability.

Improvement of stability to drying and/or freesing we of two-fold in-
portance: (a) the viability of stock cultures maintained by Iyophlization
was found to be extremely low (< 1 per oent), and (b) it we postulated that
the low aerosol stability of arthrospores aerosolised from liquid suspensions
was in sow wy connected with poor survival to drying. Studied on the im-
prove nt of aerosol stability through application of findi on improved
survival to drying were carried out with thi cooperation of the Screening
Branch, MB Division, the )qcology Section, S0 Division, and Aerobiology Di-
vision.

III. MATEIAlS AND MTHO

A. MMID (

The mjority of these studies wer carried cu ing the glucose, amonium
acetate, inorganic salts medi'm of Roeslert which has the following

composition:

Component olarity

Glucose 0.11
Amonium acetate 0.08
K2Mo, 0.015
KH2P4 0.015
MgSO/*.7H2 0.008
ZnS0 4.7H2o o.oooo62

Deviations from this mdium are so noted in the results section. The com-
ponerta of the medium were dissolved in distilled water, with a resulting pM
of 6.6 before autoclaving. Limited romptsLrisms wre made betwen this sodium
and the complex medium of Roeasler I&j AI (2 per cent glucose, 1 per cent
peptone, and 0.1 per cent yeast autolyate).

*ee Literature Cited, page 45. A



B, I.OCULUM

Routinely inocula of 3 x 107 to 4 x arthrospre (0.1 2l of a 14
day culture grow in the same medium as the experimental cultures) vere
used. Stock cultures for preparation of inocum were maintained on glucose,
peptone, yeast autolybate -gar alattsW at 50C. fresh liquid iwou-a were
prepared at three month intervals.

C. ST AINS

im Aita, strain Cash was selected (Prom a collection of apprazimteJ7
65 strains mintaited in the Nutrition Branch) for these studies, dce to the
uniparticulate nature of its arthrospore suspensions in liquid culture which
enabled accurate asimy of viable cell count for determination of growth
yield and Ptorage viability, etc. This strain was isolatel from a dissemi-
nated casee of ooccidioidoaycoeis and its viruleoe compared favorably with
that of other available strains. Other strains till be indicated where used
in the text.

D. GRWT CODITIONS

Arthrospore cultures were incubated at 340C for 14 das (unless stated
otherwise) on a reciprocating shaker with a 4* inah stroke at 100 excursions
per minute. The cultures were grovn in 250 al Erleameyer flasks (50 al of
sodium per flask) closed with rubber stoppers bearing thintle tube* packed
with ootton. This p of closure provided adequate aeration for maximum
growth in the media used and was used in prMferenoe to cotton plugs for
safety reasons.

3. ASSAY NZTNUDS

1. Viability

Viable coents in fresh and treated cultures ware determined by the
pour-plate method of oating, using a plating sdium cmposed of 2 per cent

1 per cent peptono, 0.1 per cent yeast autolyeate, and 2 per cent
aar'. Appropriate dilutions of the cultures in tryptose soli diluent
(0.1 per cent tryptose and 0.5 per cent NaC in tap water) wae used to
inoculate the plates, utlch were incubated for 4Z hours at 34'C and an addi-
tional 16 hours at rom tempeturo before counting.

A statistical analyosa (Goldschmidt, 1952) to determine v"riability
of viable cell aaa&y awoz,3 cait-nes and anonr plata counts using 1 to 11
fLL.k3 ar 1 to 3 povr platos per flk indicated an iaouracy of * 3.h per
cmnt vith 95 per (tent confidence limits when 3 plates were ued for each of
3 replicate fnasks.

Idditional val*s (figures in purintheee) are given in table II
(results of a typical long-term experiment) to indicate the upper and lower
liodt. of values used in calculatng the mean.

.. .M



2. Xrhlogy

The morphological development of the cultures ws determined by
microsopic wmination of wet-mounts of culture material suspended in
1A0tophenol blu solution (aqueous solution of 20 per cent, each,, lstio
acid and phenol; 40 per cent glycerel; and 0.05 per cent cotton blue stain).

F. STORAZ CONDITIONS

Unless stated otherwise, duplicate 14 day arthroaore cultures wre pool-
ed and stored in liquid suspension at 50C in 8 ounoe Daraglass prescription
bottles (100 al per bottle) closed with rubber-lined screw caps. The bottles
were stored under static conditions and were undisturbed between the monthly
intervals at which viability determinations were audo.

G. DRYING METHODS

Ten al volumes of arthroepore cultures were added to 50 al centrifuge
tabeo containing twelve 5 me glass beads aid centrifuged at 2000 rpm for 1
hour. Speut supernatank medim was removed by aspiration end the packed cells
were resuspended in the various drying mnstrus to be tested. The oantrifuga-
tion and removal of supernatant liquid was repeated. An even distribution of
the packed ceon poste over the inside murface of the centrifnge tnbes was
achieved through movomut of -Ghe glass beads by rotation of the tubeo. The
tubes were then placed over calcium sulfate in a desiccator and the air re-*
moved by asans of a yarn pump. The evacuated desiccator wes placed at 500
for mne week. The dried cultures were resuspended in their original volum
with either freht synthetic mdium, or tryptose saline diluent, and s~uival
wes determined Iry viable plate covnto.

H. FR~ING AND THAWING METH(DW

Arthrospore mltvres in 50 al W.re glass centrifu.ce tubeo (10 al per tube)
we"e placed in a deep freeze chest at -150C or submerged in an aaetone-dry ice
bath at -720C and frozen IM ina. The frozen culture* were placed In the cold
room at 50C, or in incubators at 250C or 370C for thawing. Survivvrl following
freezing aid thawing cycles ws determined by viable plate cunts.

IV, Ex1r=~NTIt W=~TS

A. STORCZ

L1. )!dium, Temperature and Straina

It wae noted that liquid suspensions of Q. 2I=~ arthroopores grown
and st('r-ed in Roessler's synthetic medium remained viable after two years

~ ~ ~t5cr0, whe rease those groun "n stu~ed in complex medium (glucose,,
pept(nflo, yeast autolymate) were nonviable.
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a. Viability It 5*Cand250C

Prslikin~-y studie compared the growth rm.dia, storage tempera-
turee, pre-storage mnppemt., and the strains shown in table I. Three
replicate cmgtuxo* (50 al par culzuro) of fL. Ust v strains Cash or M-21
!t rodent isolate fvca the state of Arizona) were plaoed 1z *,4rag after
the follcwing treataint: (a) untreated (controls); (b) centrifuhged and.
resuspended to the original volume In the corresponding fresh growth medir~a;
(c) supplmented iiaosdiatoly preceding storage with a fiwi level of 2.0 per
cent glucose; and (d) srzpplmented. imeodiately preceding storage with 4

final level of 0.25 pe cent 7east autolysate.

Is seen in table i, the mai factors afes Ang via..Llity 3.uring
storage were the growth sodium and the tanperature of storage. The addition
of glucose to the cultures immdiately bef ore storage, enha.nood the our.ival
to three months storage. Ilthou# this offet 6,4~ not procounced, it was
consistent and occurred in a majority of the cuoltures of both strains grown
in synthetic medium and stored at either 5*c or 250C. The addit~ion of yeast
autolysate had a deleterious effect on the viability of stored cultures.
Cultures gro in the synthetic indium nantaixwd distinctly higher viabi.i-
ties at each storage interval,, and the detrimental effect of the 250C
storage tmperature was not as proiioinoed as in cultures grown in the complex
mdia

a b, Effect of Supplmntation of Cultures Umdlately Bef ore Storage
(1) Strain Cash,* Grown in Roessler's Synthetic Modium

It MA shawn2/ that the ammnium acetate and glucose ontent
of the aedium wae e*36stad during growth of fg. IMMU" by approximtly the
9th and 20th day of incubation respetively. This information, and data in
table I concerning enhanement of storage viability by stpplemnts of glucose
to the cralturs, prompted further investigation of the iiufluenoe of supple-
menting the cultures before storage.

Rapl-4cato ataturer of tkAe Cash strain were grow in syn-
thetic sedium for 21 days (to assure complete art&austion of the glucose and
acniun acetate jontezt of the medium). ?Tripli-'Ate 100 al aliq~uots of the
pooled cultures were a up Lsmentoed ith the originali levels of &aeoniuoa
acetate (nitrogen souceo ), gluoe (carbon source), ar the twio in octZ~na-
tion, with three lef't unup-pantod, as ctre1lz. Ill cultures were stored
at 50C in 8 as proerption bottleos and the viability determin3ed at monthly
intervals.

shown in table II, srvi-val of all culturew we 100 p~er4
cent or m~ore throughout 10 months stora.ge. The glucose supplement wks more
beneficial to Inorniaed atur,.i val than the auita~ acetet suppletnt, .

the Oftects of the two cr"Puia weii &ddil,' when ujid in coubination.

L .....
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c. Effect of Drying and Resuspending in 8 Per Cent Gluco*e an Sur-
vival at 50C

Rplicate cultures of Q. 2LtAU wre centrifuged for 1 hour at
2000 rpm and: (a) resuspended in their own supernatant liquid as controls,
(b) resuspended in C per cent aqueous glucose*, or (c) resuspended in 8 per
cent glucose and dried for one week in an evacuated desiccator arer calcium
sulfate following removal of the supernatant liquid, and ag,in resuspended
in 8 per cent glucose. All cultures were placed in storage at 5T0 and via-
bility assayed at monthly intervals.

As indicated in table III, the control cultures and the undried
cultures resuspended in 8 per cent glucose asintained normal survival of
approximately 100 per cent throughtut 6 months storage. Hoiveer, cultires
subjected to drying before vot storage at 50C, exhibited a steady decrease
in survival to 33 per cent at the end of 6 months, thus indicating a detri-
mental effect of the drying process on storage stabili r of the organism.

In order to ro-examize the detrimental efftct of drying on
storage stability at 50C, replicate esuspended culture f."o on drring
experiments (testing various drying menstrua) were held Zcr 30 dayu at 50C
and asayed for viability. Using the plate counts obtained imdiately
after drying as a base line for 100 per cent reoovmr7, marked decreasee in
viability (44 to 99 per cent) wre noted after 30 days storage at 50C, thus
corb ting the data in table III.

d. Viability at -1500

(1) Effect of Teaperature

Two series of olture@ were gron under standard conditions
for 21 days, placed in 50 al pyrex glass centrifuge tubes (10 al per tube)
PuA centrifuged at ;O00 rpm for i hour. One sriese was resuspended in its
own oupeoiatant liquid and the other in 8 per cent aquecus glucose. Al
aultures were frozen at -150C. Six cultures (three from each series) were
imdiately placsd at 50C to thaw. In order to differentiate between death
due to freezing (and/or thawing) and that due to storage at -150C, viahle
.ounrs ure made on these cultures to establish a survival base line from

uhich the viable counti during storags were expressed as per cent viability.
The remaining cultures wer left at --150C. Three replicates frca each
series were removed from storage at onthly intervals, thawed at -OC, and
assayed for viability.

As noted in table IV, survival of cultures, in the absence
cf added glucose, decreased to lees than 50 per cent at the end of 1 month
storage at -15'C, and progressively decreased to 4 per cent at 6 venths.
Improved survival we noted in cr-ltures resu3anded in 8 per cent 3lucce be-
fore freezing (77 and 53 par cet at I and 6 months, respectively). Hovemvpr,
in neither instance wna the survival at -15T equal to the nrurmal survival of
cultures stored at 5W, (approximateLy 1W0 per cent at 6 months).

*See section on Drying for explanation of the use of 8 per uent aqueous
glucose.

' ~! '7 .... 77. ... . : i mp4  ;.",'! , L .2, iii'' , :: i. < -' il:, : ,, , : : : '
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(2) Effect of the Freezing Process

To determine whether the low temperature of storage, or
the actual process of freezing and thawing resulted in the sub-standard
storage stabilitT at -150c, replicate arthrospore cultures were stored at
5OC following (a no treatment, (b) resuspension in 8 per cent aqueous
glucose, and (c) resuspension in 8 per cent glucose followed by froesirg
at -150C, and thawing at 50C.

As indicated in table V, very little difference in sur-
vival we noted throughout 6 months storage between cultures which were
not frozen and those that had been frozen and thawed previous to storage
at 500 This indicated that poor survival to -1500 storage we duo mialy
to the low temperature of storage rather than to the processes of freesing
and thawing.

2. Culture Age

It washovn that 2. iraM , grown in the synthetic mdim of
Roessler tj a A, reaches mim growth at approimately 10 to 14 days
incubation. To determine the effect of various culture ages on -urv val
ftt 500, four series of arthrospore cultures were grown for 7, 14, 21, or
28 days (inoculated on successive weeks to ntme an the sam day) under
standard oondi'ions. Three replicate cultures from each age group (100 1
per culture) were placed in storage at 50C and assayed for viability at
monthly intervals.

As shown in table VI, survival of the 14, 21, and 28 day cultures
remined constant (73 to 88 per cent) for the first three months, howver,
sximim survival we obtained with the 14 day cultures throughout 9 months
storage. The 7 day cltures demonstrated a progressive decrease in sur-
vil to a 2 per cent level by the third month.

3. Conentrat ion of Cells

Four series of arthrospore cultures were centrifuged and resuspended
in their own supernatant liquid to one half, one, two, and four times the
original culture volum, respectively, resulting in the cell concentrations
shown in table VII. Three replicate cultures (100 al per culture) of each
ooncentration were placed in storage at 50C and assaed for viability at
monthly intervals.

Survival at all concentrations remained at approwdmtely 100 per
cent for the first 5 months. At this point survival of the diluted cultures
decreased at a faster rats than that of the more concentrated cultures, and
at 18 months the concentrated arthrospore suspension alone gave greater than
1 per cent survival.

A. Volum of Culture Stored

It was noted that storage survival wes higher when arthrospore
cultures were stored in 100 ml volumes than when stored in 50 al volumssh/.

I1I !! I I I " . -• , ... ......" I II .. J L.:Um ,..
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This prompted studies of the effects of culture and container volume relation-
ships on storage stability.

a. Varied Culture Volumes in Storage Containers of Identical Capacity

Replicate arthrospore cultures were stored at 50C in 25, 50, 100,
and 200 ml volumes per 8 os prescription bottle as indicated in table VIII. In
gmneral, viability increased directly with culture volume for the 25, 50, and
100 al volumes throughout 14 -months. During the first five months, the via-
bility of the 200 ml cultures we slightly less than that of the 100 ml
cultures, suggesting that other factors may have been involved in the different
levels of viability.

Varying the culture volume within storage containers of identical
cap&oity also caused a variation of (a) the ratio of the culture surface to
culture volume, (b) the ratio of air space to culture volums, (c) the height
of the supernatant liquid above the settled cell lays. during storage, and
(d) the depth of the settled cell layer. Any interpretation of these data
most include all of these relationships, and therefore further emination was
necessary.

b. Varied Culture Volumes Stored Under Conditions of Constant Ratios
of (a) Culture Surface to Culture Volumo, and (b) Air Space to
Culture Volume

Replicate 25, 50, 100, and 200 &l volumes of arthrospore culture
were placed at 5eC storage in 2, 4, 8, and 16 os prescription bottles, respec.-
tively. The various sized bottles had the wa general shape, resulting in
constant culture 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 vas noted
among the various volms of culture, throughout 14 months storage, in con-
trast to the data in table VIII. This suggested that in the previous experi-
mont the air space within the storage containers might have influenced via-
bility to a greater extent than culture volume, since viability varied directly
with an increase in air space to culture volume ratio in the first experiment
(table VIII) but reained the same in the second experiment (table IX) when
the ratio was the same even though the cultur- volume was changed.

c. Oxygen and/or Carbon Dioxide Difrusion During Storage

The data from the two previous experiments indicated possible
effects on viability due to changes in the gareous composition above the
cultures. These changes ight be the result of either shaking or opening
the cultuwes at the monthly plating intervals. This was examined by placing
twelve series of replicate cultures (100 al per 8 oz prescription bottle) in
storage at 50C. Culture ser.es 1 was shaken vigorously and opened at 12
monthly intervals for viability determinations. 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 nonthlv interval, respectively. Culture 0



10

, series 9 through 12 were shaken vigoro usly at each monthly interval, but
opened for plating only at the 3rd, 6th, 9th, or 12th monthly interval,
respectively. Viability determinations were =do on all cultures at the
end of 32 months storage.

As indicated in table I, no significant differene in survival
was noted among (a) cultures shaken and opened at each interval, (b) cul-
tures unshaken and unopened, and (c) culture. shaken at each interval but
unopened (59, 60, 64 per cent, respectively) at the end of 12 months stor-
age.

B. DEMING

Studies at the Naval Biological laboratories and the Screening Branch,
MB Division indicated very poor survival of liquid grown Q. IMLW arthro-
spores to aerosolisation (apprmciaaly -1 per cent or less). Studies in
the Nutrition Branch, MB Division indicated equally poor survival to
lophylization and to drying, alone (< I per cent). This inforation sug-
gested a relationship between the lack of stability to drying and poor
aerosol stability. It was postulated that studies on the individval pro-
oesses involved in 1yophlization (drying, freezing, and redueed pressure),
with the idea of improvement of survival to each, might solve the problea,
or at least greatly improve the stability of Q. jJ " to aerosolisation.

1. Adjuvants

a. Screening of Drying Monstrus

Preliminary experiments with three strains of Q. JI)1I in-
dicated survival to drying of less than I per cent. The improveent of
survival by resuspendfil arthrospore suspensions in various moutrua before
drying vas examined. Arthrospore suspensions of the Cash strain were
centrifuged at 2000 rpm for one hour and resuspended in aqueous selutions
of glucose, sucrose, lactose, peptone, tryptoe, gelatin, sodivm caseinate,
glycerol, and sodium chloride in the levels recorded in table XI. An
cultures were reentrifuged following viability determinations, and the
supernatant liquid man removed by aspiration. The resulting packed cells
were dried over calcium sulfate in an eracuated desiccator at 50C for 1
week, resuspended to the original volu in fresh synthetic medius, and
counted for viability.

As shown in table II, carbohydrates enhanced survival to drying
to a greater degree than protein substances tested, with 8 per cent glucese
--esulting in the highest survival (12 per cent as compared with 0.01 per
cent for the control cultures).

b. Glucose

Replicate arthrospore cultures were resuspended in 0, 8, 12, 16,
20, and 40 per cent aqueous glucose solutions before drying, in order to

D determine the optimum concentration of glucose for enhanctnt of stability
to drying. From the data in table II it appeared that all of the glucose



concentrations tested resulted in essentially equal survival. It usa petb--
lated. that the higher survival resulting from resuspension in 40 per cent
glucose my have resulted from faulty plate counts due to high viscosity of
the glucose solution,

a. Glycerol

Replicate arthrospore cultures vere resuspended in 0, 5, 10, 15,
20, and 40 Me cent aqueous glycerol solutions before drying. As indicated
in table XIpI the use of 5 per cent glycerol resulted in the highest sur-
vival to drying (25 per cent as compared with 0.36 per cent for the control
cultures). The very low survival resulting from the use of 15 to 40 per cent
glycerol my have been due to toxicity of these concentrations.

d. Soviet lMnstruu for the Storage of Vaccines

Favorable results from storage of vaccines in a mnum ce1-

posd o 15percen suros,),. per cent ge~atin, and 0.1 car cent agar wr
reported 'Yy Soviet scientists,/ An investigation of this innstrmm, pertino-
ent to its value as a pro-drying mnntrmu for.Q. AiJ was initiated.
Replicate arthrospore cultures were resuspended in the Soviet incstrmnm, in a
modification of the monstruns in uhich 8 per cent glucose us substituted for
15 per cent sucrose, in 8 per cent glucose, in 15 per cent suez o, and in
their own supernatant liquid, Other studies were carried out, to determine
optimu levels of the various components of the asnstruum, and to evaizate
the addition of glycerol or the substitution of glycerol for glucs in the
modified mnstrn6

As shown in table XI7, highest survival. to drying uas obtained
from Modifications I and II f the Soviet menstruum in which glucose uas sub-
stitutod for suorose (4*5 and 49 per cent, respectively, as ompared with 37
and 0."31 per cobt for the origins1 Soviet mnstrm and the oomtrol cultures,
respectively). Glycerol uas found to be inferior to glucose as a substitute
far sucrose,

2. Culture Age

Replicate arthrospore cmltures incubated. for 7, U4, 21, and 28 days
under standard conditions (inoculated on successive weeks to mature on the
same day) were resuspended in 8 per cent aqueous glucose solution before
drying and evaluated as to the effet of age cn survival.

As indicated in table IT, higher survival us obtained with either
the U4 or the 21 day cultures (29 and 39 per cent, respectively) than with
the 7 or 28 day cultures (U4 and 1.4+ per cent, respectively).

..........
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C'.* FREZIM AM THIWING

1. Ph~vical Studies

a, Tempt of Freezing and Thawing

a aatReplicate 21 da athros Yore cutrso strain Cash we"e froslinin IlI at -1510C (deep fresse comt and at 7-°M (aose-dr ioe bath).

Three a ltuime frou each of the two freezing sethods were thamed at 5°C,
250C, and 370 requiring apprcadntely 8, 1, and 0.5 hours, respectivey,

As shown in table XVI, surv al of cultures frosen at -150C
averaged apprximtely 40 per cent, as compamd with < 1 per cent for
cultures frosen at -7200 Thawing temporatwe had loe offect on survival
than temperature of freezing, with slightly higher recoverles at 50C, than
at .250C or Y7cc szhll freezing at -724C resulte" In equsaly powr survival
as freezing am mI at the s temperature.

Several observatios on the freezing process in the two sethodo
indicated that am than ons factor my have influenced survival to frees-
ing. It va noted that cultures frosen in the acetone-dry ice bath began
freesing 1mediately, fro, the periphery towerd the oenter of the container.
The samples were completely frosen in approudmt2y 1.5 inutes, with an
elevated peak foreing in the center of th ,f'rosen mas. This indicated
possible mechanical stress within the cultures. On the other hand, cultures
placed in the deep-freese chost at -150C remIxed in a liquid super-cooled
state for approzimLtel7 5 hours, at iac tim snap-freezing occurred in a
fraction of a secoId xhen the tubes vere mo.ed for ciration. The im-
faces of these cultures were perfectly mooth and leele It appeared that
freezing wa act.ally quicker at -150C, and tUat physical factors in the
freezing process accounted for differences in swVival at the two tepera-
tures.

(1) Cell Destruction

It ws not possible to establish by adirosopic exanimtion
whether the froesing and thawing process at -7M0 resulted in physical
breakdown of clls. Howevr, meurem nt of col protein oontent of the
supontant liquid of cultures before freezing and after thawing indicated
cellular destruction. Protein determinations (standard bivret ithod) mere
made on the supernatant liquid of 12 replicate 21 day arthroepore cultures.
Six cultures were then frozen at -7210c and the other six at -150C. All
cultures wer thawed imediately at 50C and the protein determinations re-
peated.

As indicated in table XVII, a 20 per cent incease in
protein wa noted in the supernatant liquid after freosing at -72 0C,

*In se of these studies the arthrospores were resuspended in 8 per cent
O g oose because of its beneficial effect on str-vival to drying.

................
.... .. ...
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suggesting a release of cell protein upon rupture of the cell vall. This may

account, in part, for the very low recovery (0.09 pr cent) of spores follow-
ing freezing at -72C. No significant change ,;as noted in the protein content
of the supernatant liquid of cultures frozen at -15aC. The 34 per cent re-
oovery of spores frozen at the latter temperature suggested that a factor(s),
other that rupture of the cell 'wall, my be involved in poor survival to
freezing. This postulation 'was strengthened further by the fact that loss of
viability during freezing at -150C, buit not at-q20*C, could be o~'ercom almost
ccmpletely by resuspension of sporse in 8 per cent aqueous glucose before
freezsing*

(2) Effect of Tazqerature

In order to separate the effect of temspe rature from other
factors reducing the viability of cultures frozen at -723C,, replicate 21 day
srthroapore cultures were resuspended in (a) their own sunernatant liquid and
(b 8 per cent aqueous glucose. Three, cultures from each suspeision weri
frozen at -150C and held at that temperature for one ',our. Three additional
cultures from each suspension were frozen at -150C and placed at -720C
(acetone-dry ice bath) for one hour. A third series from each suspension was
frozen andi held at -72CC for one hour. All cultures were thawed at 50C and
survival determined.

As shown in table XVIII, survival of cultures which were
frozen in their own supernatant liquid at -150C and Min&Wnsd at either -72C
a 10 for one hown was 32 to 39 per cent, as cmpared 'with < 1 per cent feor
the cultures 'which were frozen at -720C, suggesting that temiperature of fre-
ing was more important than the holding seuperature in survival to freezing
and/or thawing. Similar survival relationships were true for cultures resuspend-
ed in 8 per cent glucose before freezing.

b. Repeated Freezing

Replicate 21 day arthrospore cultures were resuspended in (a)
their own supernatant liquid and (b) in 8 per cent aqueous glucose solution,
frozen at -150C. and thawed at 50C. This procedure was repeated a number of
times. Viability determinations were made on the original suspensions and
after each freezing and thawing cycle.

As shown in table XIX, the greatest loss in viability of cultures
frozen in their own supe rpatant liqu'-id occurred after each of the first two
cycles (40 to 50 per cent)~, thereafter a lse'vl!.ng off occurred with a 3 per
cent decrease after each succatisive cycle. Resuspension in 8 per cent glucose
resulted in marked reduction of viability loss so that approximately 50 per
cent of the sports survived 5 freeze-thav cyoles.

0. Volume of Cell Suspension

Experints to determine the offset of repeated freezing and thaw-
ir* erycles (5 to 8) resulted in a reduction in volume of thi 10 ml culture
a.liq. '~s to 2 to 5 m.1 due to the removal of successive 1 ml aliquots for
viability determinations. To determine whether the diminishing culture volum

Oft section C., 2.p a., this report.

MT-
_________ . ___________________________
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0 had any affect on viability to sucoessive freesing and thawing, replicate
arthrospore cultures were dispensed in 5, 10, 20, and 40 al aliquots, twice
frosen at -150C and thawed at 50C. Survival determinatioms after each cycle
(table XI) indicated apprniintely 20 per cent higher suevival of the 20 and
40 al aliquota, than that of the 5 and 10 al aliquots after the first oycle,
but no significant difference among the various volumes following the second
freesing and thawing cycle.

d. Concentration of Cells

RAplicate arthrospore cultures were centrifuged and resuspended
in (a) their .vn supernatant liquid, and (b), (c), and (d) to one half,
twice, and four times the original volume of their supernatant liquid,
respectively, frosen at -150C and thawed at 50C. Very little difference 6
in survival among cultures with concentration levels of from 66 to 750 x 10
spores per ml, a indicated in table XII.

e. Packed Cells Versus Suspended Cell-

A comarison of rnvival to freesing of Packed cells (super-
natant liquid rexoved) and suspended cells ws made by centrifuging
replicate arthrospore cultures, resuspending one half of the cultures in
their own supernatant liquid and the other half in 8 per cent glucose. Ons
half the cultures in each of these two group re recentrifuged and the
supernatant liquid removed. Triplicate cultures from each of the resulting

I four groups (suspensions and packed cells from the culture filtrate and
gluse-suspended cultures) were frosen at -15C and thawed at 50C.

Survival determntion@ (table XII) indicated higher recovery
(40 per cent) of packed cells than that (28 per cent) of cells suspended in
cultue filtrate. Howvsir, this relationship ae not apparent with cells
treat ed with 8 per cent glucose.

f. AIge of Cells

(1) Various Incubation Period@

Replicate arthrospoe cultures were grown under standard
conditions for 7, 14 21, and 28 days, and (a) resuspended in their ovn
sueritant liquid, tb) re uspended in 8 per cent aqueous glucose, and
(Oc)Lluted 100 fold in 8 per cent gluaose. Three cultures rr!o each age
group were frozsen at -150C and thaved at 50C. The freezing and thawing
process was repeated a number of time.

As shown in table XXIII, survival decreased with age in
cultures suspended in their own supernatant liquid, with a distinct line
of damrkation occurring between the U and 21 day cultures. This difference
was not as pronounced in cultures frozen in the presence of glucose,.
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(2) Effect of Spent Medium

To investigate the possibility that the presence or absence of
soms end-product in culture filtrate of young or old cultures produced the
differencos in the survival shown in table XIIV, replicate cultures of strain
Cash were grown for 14 ahd 28 days. Cultures from each age group were resu-
spendod in (a) their own supernatant liquid, (b) supernatant liquid from the
other age group, (c) 8 per cent aqueous glucose solution, and (d) fresh
synthetic mdium (the same diu in which they were grown). All cultures
iere frozen at -150C and thawed at 50C. The freezing and thawing process was
repeated several times.

Several observations were made from the data given in table
XXIV: (a) the younger cells were again more stable that the older cells,
(b) there was no signiioant difference in the effect on survival between the
24 and the 28 day old culture filtrates, and (a) the absence of culture
filtrate (resuspension in fresh medium) more than doubled the surrival in
either age group. The latter observation could either ave been due to Lhe
lack of sow toxic end-product or to an inorsse in the g1moose concentration
(0.11 M) in the suspending fluid.

2. Effect of Adjuvants

a. Glucose

The optimum level of glucose for increasing survval to freesing
use investigated by resuspending replicate cultures of strain Cash in 0, 5,
10, 20, 40, and 80 per cent aqueous glucose solutions, freezing at -150C and
thawing at 50C.

It was evident from data in table UT that glucose imprved the
survival to freezing at -150C (and thawing at 5OC5, and that there wa little
difference among the 5 to 40 per cent levels. It was postulated that the
inconsistent results in experiments I and II were due to (a) poor dispersion
of cells throughout the glucoee solutions (because of the viscosity of the
higher levels of glucose) and/or (b) the resulting loss of cells adhereing to
the inside walls of pipettes. In an attempt to eliminate these factors in
experiment III, the cultures were shaken from 5 to 10 minutes on a Kahn
shaker and the pipettes used in =I-ing the first dilutions for plating were
rinsed out in the diluting fluid tiree times. As shown by the results, a
uniform survival of approxitely 100 per cent ws obtained in experiment III
throughout the range of 5 to 40 per cent glucose ?olution. Similarly, the
control cultures in erperiunt III were higher than those in the first two
experiments.

b. Glycerol

The optimm level of glycerol for increasing survival to freezing
was investigated by resuspending replicate arthrospor. cultures in 0, 5, 8,
10, 20, 30, 40, and 80 per cent aqueous glycerol, freezing at -.150C and thaw-
ing at 50C. As shown in table XXVI, all concentrations of glycerol resulted
in an increase in survival to freezing and thawing, with 20 per cent as the
optimum (83 per cent as compared with 36 per cent for the controls).

,: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ... . ............... '.: :;,,:, ....
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c. Combinations of Glycoe and Glycerol

An investigation of the combined effects on swvival to frees-
ing and thating of glucose and glycerol was made by preparing auspending
mnstrua containing the various levels of these two compounds shown in
table I. Stock solutions of each compound previously showing maximum
protective effect (8 per cent glucose and 20 per cent glycerol) were com-
bined in glucose:glYcerol propormions of 10:0, 9:1, 8:2, etc. Replicate
arthrospore cultures wore resuspended in each of the 31 menstrua, froaen
at -15TC and thawed at 50C.

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.

0

AI
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TABL I. EFFECT OF TWERATURE, JE EDIX, AND SUPPMENT ON SUtP-
VIVAL OF CASH AND M-i1 STRAINS OF .. I TO STORAGE

P cur VLBI r ~
STRAIN, MEDIDM -z 'srvn ms

" AND TRUTWNT 1MO. 2 Mo. 3 NO*

500 250C 54 25C 5C 250C

Cash - cynth@U&o

Control 101 104 106 93 65 14
rah d ~ 118 1.4 122 47 56 25

+ l 0o. 112 109 102 110 76 52
+ Yeat - 752/ 104 107 98 59 55 16

Control 47 < 1 27 - 3I -
Fresh~sj 96 < 1 44 - 3 -
+. 0G boW 63 <1 39 - 16 -

l+ eas - 75U < 34 - 2 -

K-Il. - Smnthtia

Control 93 80 100 62 67 36
Yiresh Msd4yu 112 97 82 63 72 10

+.GVOGW95 104 86 107 89
+Yest 750 72 67 58 39 53

Control 78 33 70 1 58 -
Fresh M0M 111 26 81 < 1 62 -
+Gino"*AW 65 13 51 < 1 49 -
+ Yeat - 752/ 85 20 68 < 1 34 -

a. Mean valu of thre replioast cultures.
b. Sufficient glioome solution added to culture to bring Clumme oonoen-

tration to 2 per .;ant.
o. Sufficient Toast 75 solution added to oulture to bring tat 75 con-

oentration to 0.25 p.r o*no.,

P
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TAMIEVI. EFET OFCULtt ACON SURVIVAL OF MaISAT 50C.

CUTUR C~ ORIGINAL PERCET Vj 4LITTL"CULT-= AG CUN IMo 2 Mo, 3go, 6 No, 9 Mo.

dayx 1 0 6

*28 3"4 75 73 73 52 37

21 316 85 88 82 41 231

34 314 84 88 82 72 5I.

7 250 72 33 2 < 1 < 1

a. Meani values of thre. replicate cultux-es.

I
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-, ~TABIZ XI. ZFFECT OF MRING )6UUM( ON SURVIVAL OF
C. W To M III.

DRING MUTRM16 UMcmaa SURVIAL
Predzryin Postdrying
x .06  z lob

8% Gluse 240 28 12

4.5% Gluoe 304 25 8.2

8% Sucrose 292 34 4.8
A. % Sucrose 241 9.4 5.4

8% lactose 287 3.4 1.2

4% lactoe 282 1.6 0.6

10% Sodim Cai.-te 18 0,2 0.09
5% Sodium Caeinate 179 6.3 3.5

5% Pepton 268 0.2 0.08
S Peptme 289 0.2 0.07

5% Gelatin 249 0.4 0.24
1% Gelatin 151 0.2 0.,3

0.85% RaCi 270 0.1 0.04
Saturated K&C1 346 0.1 0.04

Tryptes Sali e Di n e2/ 292 0.9 0.31
Synthetie Medium /  285 0.5 0.16

5% Glyoerol 283 8.9 3.1

Cultvre Filtrate (Control) 285 0,27 0.01

a. Centrifuged growt resuspended iz the menetrum, recentrifuged, and
the supernatant liquid removed before drying.

b. Yean values of 3-6 crltures (5 experimt).
o. 0.1 per cent tryptoes, 0.5 per cent NaC1.
d. Glucose, aimonium acetate, inorganic salte medium.
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T" 1. FFCT OF RZSUSPESNION IN OLUOS3 ON SMVYJML
OF 2. 2KI= TO IILTIN.

DRYING VIABLE COMA/
dNSTRM ----ryi-- td Iig

% Glu.e z 1 4  z 104 %

0 286 0.23 0.06

8 309 151 50

12 306 176 57

16 315 172 55

20 316 16 52

40 239 166 69

a. Mean va3mes of duipioate oult m.

H 0



'PART XMII XMFCT OF RESUSFEIS ION IN QL!CZOL ON SURVIVAL
OF 2. DOTT TO D~tING.

NMRUMx IAWj Pout143n SURVIVAL

% G3yoerol xlz mb

*0 290 10 o.36

5256 64* 25

10 300 3 5 12

15 238 6 3

20 16 4# 2

40 232 1 0.7

a. Mean valime of tbree replicate cmlturov.

7-
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TARTE 1V. FFET OF BZSUSPM oN IN SoMT MTRUM ON SURVIAL
or Q. TO MfING.

DIYING E oSTRU, SURVIVAL

.1*dyingPoutdrying

X 106  x 10 6

Culture Filtrate Z72 0.85 0.31

Soviet YAntrznk /  300 110 37

- Mification I . / 292 131 45
Modification II /  31 :L;5 49
Modification IMla/  254 21 8
Nodification IVZ/ 236 92 39

Glucose 8% 290 105 36

Surse 15% 253 19

G23'oel 3% 2W0 .64 23

Gelatin o. 19 0.75 0.38

Gelatin 13% 252 3.7 1.50

G0a2tin 2.5% 208 1.31 0.63

Agar 0.1 336 0.83 0.25

*Agar 0.2% 2U4 65

&gwr 0.3% 302 50 17'

a. Mean valus. of 3 to 18 cultuzs, in 6 separate experiants.
b. 15 per cent sucrose, 1.3 per cent golatin, and 0.1 per cent agar.
a. 8 per cent gauose, 1.3 per cent gelatin, and 0.1 per oent apr.
d. 8 per cent gluc4se, 0.7 per oent gelatin, and 0.05 per oent agar.
e. 5 per cent glynerol, 1.3 per cent gilatin, and 0.1 per cent agar.
f. 8 per cent gluooso, 5 per cent glFerol, 1.3 per oent glatin, and

0.1 per cent agar.
g. 0.2 and 0.3 per cent did not permit drying af thee cultures, thus

resulting ia the high suirvival in these cultures.

a.!~ -
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TABLE IV. EFFECT OF CULTURE AGE ON SMVIVAL OF .
TO DRYING.

AG OF CULTRE VILBI. ... 5 .. SRVIVAL

28 190 2.6 Lit

21 236 92 39

14 272 78 29

7 14O 20 4

a. Han vluse of duplicate cutmres suspended in 8 per
cent glucco.

IN0

~r N ' . . .. ' L !
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TAMlE XVI. M=YIC OF MMfZ3310 AND ThALING ON SUVIVAL Or

I6!mO or mThO or viwBz COWI'LS"7TA
?R=ING TRAWMI Prf"i Poat-thowIM

Aotm(p)300 0.53 0.2

Dry-Io Incubator 0 i600
(250C)300.6.0

Bath (.72M) Umbao 300 0.05 0.02

* oUd-oin 274. 4 52

Deep __ _ __30_ __ _ _ __ _ _ __ __)_ _ _ _

In5cb)o 274, 200 35

(1c) Insubatov 27+ u0s 40

a. Yhezi va1l.a of tripliaete 't1qot.
b. fraon ow-inase (not kiefl fromm).

I
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TABLE XVII. EFMT OF THflRLTMZ OF FR=IUG ON RFlEAS OF

FEING POMIN IN SUFMJILT JT L
TEKRUTNRR SUMMIALPreftessing Iea

-7206 208 .5 0.09

a. )Esz Tamou of sil napl3A.

t[
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TABLE MVIII. I FZCT OF TWER MA OF PBXMZING ON SUHV1AL
or a. DanU.

MMRTFlUU1 Prefressig Postfrteaing mIA

PF nd en ad 0u 1m
Fitrate ,O183

elda fe I
S-per V 3722 81

1w ..mm at -156C C r4 2 32Filrate

and8 er ot

1 How at -720 Gboe26

hTen am4 C'm.tue :326 0106 04CU
Filtrate 3600

Hold for 1
8 Pe ent 32.4 0.38 0,12Har t -724C olnoode O.801

a. Mean values for thre replioste cultures.

M
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TABIZ II.SMTRMIL OF Q,.. TO RZPEA=D FRUIM

FCUG~ iILFL NM OF Is SZE1 AM TUiWI1; GCL; /'
33WSTU!M COmI 1 2 3 4 5

*290 50 1a 7 4* 0.6

aPur Cent 250 93 72 65 58 43
Gluoseo

a. hAn awvival va1in of three "pliosto cmdare.

7T 
7
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TAMZE X. Z371CT OF CtJTMI VOIE ON SURVIAL OF M=

VOLC Or ORIGfUL go, OF PF22ZING AND TRAW1NG ec;;;LEI

LL~t~1 C~NT1 2

5 356 43 25

10358 4.3 25

20 328 62 22

40 3261 2

a. IMser awvival valiu for tbzre ?.p34at. m~1twes.

77



TAME! XII. EM= CT OFCELL coNiCENMTATION ON £MVIVAL MP~ ~z
To FEmZIING (-1500) AN~D THAW=3 (WC).

- z ILBIR A StqVIAL

21 750 206 2

3X272 94 35

*I2u4 39 29

+166 27 '

a, plum awo1 of tbres replicate cult=*@*
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* TABIE 111*CWIPRISOX 0F SURVIAL OF PACKED CZLL AND MEWI~
CLI8 CF TO FR=lING (-150C) AND TR*MNG (50C).

FREIG CONDITION VIAZZ3I M/ZI IA
I6SMTRUU OP CELTS F~rs kitre

x UP xlob%

Supudd230 65 2

*Filtrate Paked
(Filtrate 264 107 40

a rCn upne 258 n6 84

Gluees PWckedI (GlU004. 254 34 72t a, Mean value* for throe replioate cultures.

-7-I M"...



T&BIR 11111. IFUT OF AM3 OF CZLIE ON 8VIVAL OF 0.2I TO
MI'Mzo (-.50c) AN MWAIN (50cT

PF=KING A(Z CF ORIGINAL VD. M OFM~ AND THAWING CYCIMS/,
MTUMfl CLLS cotmlI 1 2 3 A 5

days. 0 % % % % %

7 335 53 -19 3 0.8

2ntw 4 320 41 8 11 8 2

Fitae21 328 is 6 3. 0.5 (0.3

28 370 i 3 1 0.3 -

07 2.89 45 39 33 24 19
CuI1.vz Djinted

14 3.10 75 56 51 46 36
100-Fold Is

21 3.64 1# 7 34 28 28
8% Glioee.

28 2.94~ 50 41 33 30 -

14 304 84 59 60 56 4
Cultu. Roma-,
spnded in 8 % 21 320 61 53 36 36 36

28 320 /5 .38 31 29 -

* a. loan survival1 va1lqa for tbree rsplimt. cultures.
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TAM XXIV. 37PCT OF CUMT1Z AM2 ON SURVIVAL OF D. = TO
FMZINO (-250C) AIM THAWIG (5C).

AM OF FRZIMG ORIGINAL NO. OF FZING AND THUAW CYCiZ;W
CEI MEINSTRUM COUNT 1 2 3 4

dzM 6  % %'

U4Dar Culture 256 26 9 3 2
Filtrate

28 Day Cultuxe3 2
14 Filtrate 2

Cet 282 85 63 2v 22
Glucose

28 Day Cultre 7 20 5 1 0.6
Filtrate

14 Dr Cult re 218 17 3 0.5 0.3
28 Filtrate

a er cet 232 66 45 32 28
Oiuccee

Fresh17 3. sdiu 222 56 28 17/ 12

a. Maan survival valuw for three repliate cultures.

I

I1
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TABlE XXVI. ErT=F~T OF GIZCr''OL OF SRVIVIL OF p~cTI TO
FRMZI33 (-150C~) AN~D TRLWIMqG (50C.

ORIGNA AVERACM
WSFRUIM COUH''L SURMiAL SURVIVL

% Glyorol w2b%

0 280, 258, 342 34v 37p 36 346

5 332 68 68

826o, 262 62,63 63

10 328 75 75

20 112, 152, 304 84, 84,8ft 83

30 312 81 81

140 70,14p,26 /*6,690 6

80 250 6

a. Value frou separate siprimuts, Each value represents the
&nof 3 *&Ap1.s.



TABIZ MXVI. COKB=~ VnfCT OF GIDCOO AND G~lCMRL 01* SMR'IVAL 0F
g.. IS TO ?BZEIII (-150C) AND TEMIN (50C).

PEKEINO MKITRM VIARlE COUNT SR A
GIyeo w~in~ Prefrossioa Pofr.su

20 0 224 212 95

18 0.8 258 192 7

16 1.6 252 228 87

14 2.1 250 208 83

*12 3.2 286 21.2 85

10 40e 290 7A6 85

1'48 266 262 9

6 5.6 320 268 87

46j4 324 271# 85

2 7.2 322f2 93

A0 8.0 298 306

0 0 310 226 37
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The following general ooncluicna W be stated from the resulte of
this Stulyt

I. Optixm storage stability at 'v oota d with 4-day ol
arthroiports suppiamuted with glucose avd amonim acetate or ham sted
fr" synthetic medius and resuspended in 8 per oent glucose.

. 2.W The ratio of the air space to cmlture volm within the storage
container ma oritical, with best stability obtained at a ratio of 1, or
les than 1.

,/'Disjtrbanoe of the storage containers (i.e., shaking or open.-
ing) during storage bad no effect on viability.

R.Eepwpengion of afthreppame in urk4e~~uo e inze.n
Increased survival to drying, freezing and thawing, and aeroeoliuatione

5' During the freesixg and thawing cycle, the temperatcre of
freesing wae awe critical for survival than the temperataxr of thawing.
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