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Abstract. A variety of conditions of cryopreservation were evaluated in order to define a single procedure for freezing the amebae of pat-
hogenic Naegleria and Acanthamoeba. The average best conditions for freezing the three species studied were: 1x10° exponentially gro-
wing amebae/ml of freezing medium consisting of 12% dimethylsulfoxide, 20% heat-inactivated bovine calf serum, 4% glucose, in Mix
ameba medium; 30 min equilibration at 23° C (room temperature), followed by 60 min at —20° C, with storage at —~70° C. Under these
conditions viability after 1 month of freezing was 53% for Acanthamoeba castellanii, 64% for Naegleria fowleri, and 66% for Naegleria

australiensis. After 12 months of freezing, viability was 39% for A. castellanii, 47% for N. fowleri, and 53% for N. australiensis.

Pathogenic free-living amebae belonging to the gene-
ra Acanthamoeba and Naegleria cause serious infection
of the eye and the central nervous system (CNS) (revie-
wed by John 1993). Species of Acanthamoeba may
produce a chronic CNS infection known as granuloma-
tous amebic encephalitis or an eye infection referred to as
Acanthamoeba keratitis. Naegleria fowleri is responsible
for a rapidly fatal infection of the CNS called primary
amebic meningoencephalitis.

Cryopreservation has become a routine feature of the
microbiology research laboratory. Unfortunately, there
are only a few reports that deal with the cryopreservation
of pathogenic free-living amebae (Simione and
Daggett 1976, Kilvington and White 1991).
The cysts of free-living amebae are more readily frozen
than the trophozoites; however, by using a cryoprotectant
amebae may be frozen and stored at ultralow temperatu-
res. The purpose of this study was to evaluate a variety of
conditions of cryopreservation of amebae and develop
a single procedure for freezing pathogenic Naegleria and
Acanthamoeba.

MATERIALS AND METHODS

Amebae and cultivation. The amebae used in this study were
Acanthamoeba castellanii (EI-212), isolated from the environ-
ment in Oklahoma; Naegleria australiensis (PP-397), isolated
from the environment in Australia and kindly supplied by Johan
De Jonckheere; and Naegleria fowleri (LEE), isolated from pa-
tient cerebrospinal fluid in Virginia and originally supplied by
Clifford Nelson. All are pathogenic to mice by intranasal instilla-
tion and produce fatal CNS infection.
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Amebae were grown axenically in Mix ameba medium (John

1993), an equal mixture of Balamuth’s (1964) and
Nelson’s (1970) media consisting of 0.55% Panmede liver
digest, 0.50% proteose peptone, 0.25% yeast extract, and 0.30%
glucose in Page’s ameba saline (0.12 g NaCl, 0.004 g MgSOs.
7H20, 0.004 g CaCl2.2H20, 0.142 g Na2HPO4, 0.136 g KH2PO4
per liter of distilled water) (Page 1988) supplemented with 4%
bovine calf serum and 1 ng/ml hemin. Amebae were cultivated in
25 cm? polystyrene tissue-culture flasks (Corning Glass Works,
Corning, New York). Cultures were inoculated with 1x10° ame-
bae and incubated at 37° C.
Freezing and viability. Exponential growth-phase amebae were
used for freezing and were rinsed twice with fresh Mix ameba
medium while in the tissue-culture fiasks and then suspended in
the freezing medium which was different for each experiment and
so is described in the footnotes of each table. One-ml quantities of
amebae in freezing medium were dispensed in cryogenic vials
(Corning), placed at —20° C for 1h, and stored at—70° C in an ultra-
low temperature freezer (Harris Manufacturing Co., North
Billercia, Massachusetts).

The cryoprotectants that we tested were dimethylsulfoxide
(DMSO), glycerol, hydroxyethyl starch (HES), polyvinylpyrroli-
done m.w. 10,000 (PVP-10), polyvinylpyrrolidone m.w. 40,000
(PVP-40), and bovine serum, both fetal and calf. All except bovi-
ne serum were purchased from Sigma Chemical Co. (St. Louis,
Missouri). Fetal bovine serum (FBS) and bovine calf serum (BCS)
were purchased from KC Biological, Inc. (Lenexa, Kansas).

Amebae were rapidly thawed by placing the cryovials in
a37° C water bath. Viability was determined by exclusion of 0.4%
Congo red prepared in deionized water. The Congo red solution
was mixed with equal volumes of amebae in freezing medium and
viability was assessed by light microscopy. Viable amebae appe-



ared as pale blue and nonviable cells were reddish brown. We also
evaluated viability staining with 0.4% trypan blue and 1% neutral
red and found Congo red to be superior for distinguishing live and
dead amebae. Each percent viability listed in the tables and figu-
res is the average viability for 1,800 amebae (three counts of 200
cells for each of three cryovials).

RESULTS AND DISCUSSION

The cryogenic preservation of live cells eliminates the
need for continuous passage which invariably leads to
genetic variation. With the pathogenic free-living amebae
there is a loss of virulence associated with prolonged axe-
nic cultivation. In this report we examine a number of con-
ditions of cryopreservation of amebae in order to describe

Table 1. Viability of pathogenic free-living amebae frozen with
various cryoprotectans 2.

Amebae
A. castellanii N. australiensis N. fowleri  Average of

Protectant? (EI-212) (PP-397) (LEE) 3 species
10% DMSO 474481 313160c 451488 413
10% glycerol ~ 37.947.4 1.0£0.3 1.6£0.6 13.5
90% FBS¢ 28.5£11.0 0.1£0.1 3.911.0 10.8
6% HES 232107 0.240.2 1.0+0.6 8.1

6% PVP-10 22.616.0 0.7404 0.540.3 79

6% PVP-40 16.8+1.2 0.210.2 0.210.2 57
90% mediume  2.1%1.1 0 0.8£04 L0

# Percent viability was determined 1 month after freezing.

b The freezing medium consisted of the following: % cryoprotectant (see Materials and
Methods), 40% FBS (heat-inactivated), and Mix ameba medium making the balance
of 100% with a cell concentration of 1x10¢ amebae/ml.

¢ Greatest % viability.

¢ Freezing medium was 90% fetal bovine serum plus 10% Mix ameba medium.

¢ Freezing medium was 90% Mix ameba medium plus 10% FBS.

Table 2. Viability of pathogenic free-living amebae frozen with
various concentrations of DMSO .

Amebae
A. castellanii N. australiensis N, fowleri  Average of

% DMSQOP (BI-212) (PP-397) (LEE) 3 species
0 143433 0.6 21423 55

2 15.8+10.2 9.9+0.9 6.412.4 10.7

4 23.8184 8.246.9 157418 159

8 25244.8 29.3+1.6 33.744.0 294

10 25.9+4.9 37.245.3 317459 31.6

12 2514249 433163 38.245.3¢ 35.5¢

16 33.2415.0c  39.345.0 249413 325

@ Percent viability was determined 1 week after freezing.

bThe freezing medium consisted of % DMSO, 40% FBS (heat-inactivated), and
Mix ameba medium making the balance of 100% with a cell concentration of 1x106
amebae/ml.

¢ Greatest % viability.
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a single procedure for freezing pathogenic Naegleria and
Acanthamoeba. The conditions that we evaluated were the
kinds and concentrations of cryoprotectants, kinds and
concentrations of bovine serum, cell concentration, glu-
cose, freezing schedules, and phase of ameba growth.
The purpose of a cryoprotectant is to minimize cell
damage caused by the formation of ice crystals within the
cell. As the water outside the cell freezes the salt con-
centration increases and osmotic flow draws water out of
the cell allowing it to dehydrate and not form ice crystals.
Although it is not known how cryopreservatives actually
protect cells, they are able to freely penetrate membranes,
dissolve electrolytes, and prevent water from freezing at
0°C (Anonymous 1986). Of the cryopreservatives
examined only DMSO was able to effectively protect all

Table 3. Viability of pathogenic free-living amebae frozen with
various concentrations of FBS 2.

Amebae
A. castellanii N. australiensis N, fowleri  Average of
serum® (ELI-212) (PP-397) (LEE) 3 species
0 18.648.7 6.713.7 15.0+4.0 134
10 22.146.2 69.313.9 35.914.4 424
20 39.1£10.1 7208260 54.312.6° 55.1¢
40 29.8+12.5 578426  40.8£11.6 428
80 40.8£109  53.6£6.0 39.247.0 44.5
100 47.5£11.5¢ 0.9£0.9 24110 169

a Percent viability was determined 1 week after freezing.

b The freezing medium consisted of 12% DMSO, % FBS (heat-inactivated), and
Mix ameba medium making the balance of 100% with a cell concentration of
1x10° amebae/ml.

°Greatest % viability.

Table 4. Viability of pathogenic free-living amebae frozen with
various bovine sera 2.

Amebae
A. castellanii N. australiensis N. fowleri  Average of
serum® (E1-212) (PP-397) (LEE) 3 species
Fetal bovine ~ 20.8+10.1 56.047.9 346483 371
(not heat-
inactived)
Fetal bovine  36.5+10.5 72.045.0 39.7+4.0 494
(heat-inactived)
Bovine calf 42.741.6¢ 80.417.6¢ 40.313.2 54.5
(not heat-
inactived)
Bovine calf 362419 78.748.0 68.514.1¢ 61.1¢
(heat-inactived)
# Percent viability was determined 1 week after freezing.
bThe freezing medium consisted of 12% DMSO, 20% FBS bovine serum, and
68% Mix ameba medium with a cell concentratjon of 1x10° amebae/ml.
¢ Greatest % viability.
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three species of amebae, producing an average of 41%
protection (range 31-47%) (Table 1). Glycerol, FBS,
HES, and PVP were able to afford protection to A. cas-
tellanii but not to N. fowleri or N. australiensis. Glycerol
and DMSO are the cryoprotectants most commonly used
in freezing protozoa. Hydroxyethyl starch and PVP have
been used less frequently but have been shown to be
effective cryoprotectants with certain organisms (Leef
et al. 1979, Minjas and Townson 1980). The
amount of DMSO that produced the greatest viability was
12% for N. fowleri and N. australiensis and 16% for
A. castellanii (Table 2). Others have used 5% (White
and Kilvington 1991, Simione and Daggett
1976) and 7.5% (W arhurst etal. 1980) DMSO for the
cryopreservation of N. fowleri. Entamoeba histolytica has
been frozen with 5% (Diamond et al. 1961), 10%
(Gordon etal. 1969,Bosch and Frank 1972), and
15% (Diamond 1964) DMSO.

The protective action of serum in cryogenic preserva-
tion is well known. Mammalian cells are routinely frozen
with FBS and DMSO with the amount of FBS ranging

Table 5. Viability of pathogenic free-living amebae frozen at vari-
ous cell concentrations 2.

Amebae Amebae
Cell A. castellanii N. australiensis  N. fowleri  Average of Freezing A. castellanii N. australiensis N, fowleri  Average of
concentration®  (EI-212) (PP-397) (LEE) 3 species scheduleb (EI-212) (PP-397) (LEE) 3 species

from 10-40% to as high as 90% (Hu 11 1983). In the pre-
sent study we found that viability was greatest with 20%
FBS for N. fowleri and N. australiensis and 100% for
A. castellanii (Table 3). Additionally, we obtained grea-
ter viability with bovine calf serum than fetal bovine
serum and with heat-inactivated than non-heat-inactiva-
ted serum (Table 4).

The cell concentration that resulted in the greatest via-
bility was 1x10 amebae/ml of freezing medium and ave-
raged 67% for the three species (range 45-84%)
(Table 5). The average viability for the three species was
less at 1x10% amebae/ml] and least at 1x107 amebae/ml.
Cell concentration and the kind of cryoprotectant
(Table 1) were the only two variables on which all three
species of amebae exhibited complete agreement —
DMSO was the best cryoprotectant and 1x10° amebae/ml
was the best cell concentration. Glucose has been used
together with DMSO for freezing trypanosomes (Polge
and Soltys 1960) and amebae (Diamond 1964).
Dimethylsulfoxide is a rapidly penetrating protective
agent and glucose is a slowly. penetrating agent.

Table 7. Viability of pathogenic free-living amebae using various
freezing schedules 2.

1x10° 36.3+4.3  58.8%13.1 574463 50.8
1x106 451443 83.943.0c  TLOH0.T¢ 66.7¢
1x107 33.310.1 63.749.7 20.244.8 39.1

# Percent viability was determined 1 week after freezing.

bCell concentration was amebae/ml of freezing medium which consisted of 12%
DMSO0, 20% BCS (heat-inactived), and 68% Mix ameba medium.

¢ Greatest % viability.

Table 6. Viability of pathogenic free-living amebae frozen with
various concentrations of glucose 2,

Amebae

A. castellanii N. australiensis N, fowleri  Average of
% glucose® (EI-212) (PP-397) (LEE) 3 species

0 279445 54.643.5 36.313.2 396
2 498872 5924120  313iL5 46.8
4 547450 59.616.2¢ 41.942.7 52.1¢
8 37.9+1.8 29.119.4 51.3+2.6 394
10 40.118.5 29.848.3 56.243.6¢ 420
12 263129 204162 3564147 274
16 16.643.2 6.7+4.8 18.3+1.7 13.9

a Percent viability was determined 1 week after freezing.

® Glucose was added to the freezing medium to give the desired concentration, Freezing
medium consisted of 12% DMSO, 20% BCS (heat-inactived), and 68% Mix ameba
medium with a celi concentration of 1x10° amebae/ml.

¢ Greatest % viability.

13.243.5 42.245.9 11.3+2.4 22
23.449.6 75.2¢1.0¢ 20.1444 426
212434 733409 30.2£7.4¢ 43.6°
7.1£1.3 521439 18.418.0 259

o 0w

» Percent viability was determined 1 week after freezing.
® Freezing schedules wete:

A B C D
30 minat 23°C X X
60 min at -20° C X X
Directlyto-70°C X X X X

Freezing medium was 12% DMSO, 20% BCS (heat-inactivated), and 68% Mix ameba
medium with a cell concentration of 1x10¢ amebae/mi.
¢ Greatest % viability.

Table 8. Viability of pathogenic free-living amebae frozen at vari-
ous phases of growth 2.

Amebae
Phase of A. castellanii N. australiensis N fowleri  Average of
growth® (EI-212) (PP-397) (LEE) 3 species

Exponential 429197 733439 32.243.5 49.5¢
Stationary 29.314.4 52,5119 41.240.5¢ 41.0
Decline 25.7£1.6 179408 347432 26.1

» Percent viability was determined 1 week after freezing.

b Freezing medium was 12% DMSO, 20% BCS (heat-inactived), and-68% Mix ameba
medium with a cell concentration of 1x106 amebae/ml.

¢ Greatest % viability.
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Diamond (1964) found that glucose enhanced the pro-
tective effect of DMSO in freezing Entamoeba invadens,
a pathogenic ameba of reptiles. Our results concur
(Table 6). Greatest viability occurred with 4% glucose for
A. castellanii and N. australiensis and 10% glucose for
N. fowleri. An increase in glucose beyond the optimum

Average best conditions [77] Individual best conditions
80 +
= 604
= 1
0
il
>
B D=
20 +
o

A. castellanii N. australiensis N. fowleri

Amebae

Fig. 1. Viability of pathogenic free-living amebae frozen using
average best conditions for the 3 species and individual best con-
ditions. Freezing conditions are those listed in Tables 1-8, except
with A. castelanii (E1-212) 80% serum was used rather then 100%
(Table 3). Percent viability was determined | week after freezing.

o ’ .

] A castellanii N. australiensis [l N fowlert
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% Viability
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Fig. 2. Viability of pathogenic free-living amebae frozen for
12 months. Freezing conditions were average best conditions:
1x100 exponentialy drowing amebae/ml freezing medium consis-
ting of 12% DMSO, 20% heat-inactived bovine calf serum, 4%
glucose, in Mix ameba medium; 30 min equilibration at 23° C fol-
lowed by 60 min at -20° C and storage at -70° C.
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resulted in decreased viability. For routine freezing of
pathogenic free-living amebae we prepare the freezing
medium by adding glucose to Mix ameba medium so that
the final concentration is 4%.

The freezing schedule that resulted in the greatest via-
bility was one in which amebae were mixed with the fre-
ezing medium, placed in cryovials, and allowed to equi-
librate at 23° C (room temperature) for 30 min. Cryovials
were transferred to —20° C for 60 min and then stored at
—70° C (Table 7). Viability was least when amebae were
transferred directly to —=70° C after mixing in the freezing
medium. The second lowest average viability was for
amebae equilibrated at room temperature (23° C) and
then transferred to —70° C. Viability was greatly enhan-
ced by storage at —20° C for 60 min before transfer to
~70° C. Prior equilibration at room temperature only
slightly increased viability. Others have also reported the
efficacy of stepwise freezing of N. fowleri.
Kilvington and White (1991) used -20° C for 60
min, followed by —70° C for 60 min, and storage at —196°
C (liquid nitrogen). Simione and Daggett (1976)
used room temperature for 30 min, followed by -55°
C for 60 min, and storage at —155° C (vapor phase of liqu-
id nitrogen). Warhurst etal. (1980) used 23° C for 15
min, followed by —50° C for approximately 75 min, and
storage at —196° C.

The average best viability was achieved with cells that
were frozen during exponential growth (Table 8), follo-
wed by amebae in stationary-growth phase and finally
decline-phase amebae. Viability was greater for amebae
frozen in a medium that was a composite of their indivi-
dual best conditions (Tables 1-8) as compared to the free-
zing medium that represented the average best conditions
for the three species combined (Fig. 1). Nonetheless, the
average viability was 53% for the three species (range
41-63%) for the average best freezing medium.

Fig. 2 illustrates the percent viabilities of the three spe-
cies at specific intervals during 12 months of freezing.
Although viability decreases with time, it appears that the
greatest decrease occurred during the first 6 months of
freezing. The overall reduction in viability at 12 months
of freezing was 19% for N. australiensis and 27% for
N. fowleri and A. castellanii. Viability at 1 year of free-
zing was 39% for A. castellanii, 47% for N. fowleri, and
53% for N. australiensis. Using the greatest percent via-
bilities from each of the eight tables and the two figures,
the overall average viability for the three species was 45%
for A. castellanii (range 27-54%), 54% for N. fowleri
(range 30-71%), and 66% for N. australiensis (range
31-84%). Others have reported 8% viability (Kil-
vington and White 1991) and 63% intact cells
(Simione and Daggett 1976) for N. fowleri frozen
for 14 days and 7 days, respectively.



In summary, the average conditions that were optimal
for the cryopreservation of the three species of pathoge-
nic free-living amebae studied are: 1x106 exponentially
growing amebae/ml of freezing medium consisting of
12% DMSO, 20% heat-inactivated bovine calf serum,
4% glucose, in Mix ameba medium; 30 min equilibration
at 23° C (room temperature), followed by 60 min at
—20° C, with storage at —~70° C. Under these conditions
viability was 53% for A. castellanii, 64% for N. fowleri,
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