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ABSTRACT

Six extracellularyeastglycoproteinsvereprepared from three yeast species in osmotic equilibrium and
unequilibrum envionments and used as non-penetrating crydaedi. Glycoproteinsecretedby the
stran Dipodascus australiensigito growth medium containing NdG8% w/v) werefound to be the
most effective cryoadditives. It was possible to use these glymops alone(without DMSO as
pendrating agent) for the cryoprotection of the studied yeasts.

INTRODUCTION

Many factors that affect the successful freeze preservation of yeast cells have been documdited (1
crucial problem during preservationis to ensure genetic stability. The viability of the cellseraf
preservation may correlate with the extent of protection against dehydration atcesgth the
transition of water to ice crystals (2,3). Survival and stability of all strains preserved in liquid nitrogen (-
196°C) is alwayshigherin the presence of a mixture of paa¢ing and non-pereating cyoprotective
agents (4) than in the presence of non-pratiag cryoagents only 5 The basic featuref non-
penetrating cryoprotective agents is the ability of theitréghilic groupsto bind water, giving riseto a
phenomenon oftedescribedas"bound water" (6). In higher cells, glycoproteins have various functions
such as surface receptors, cell-cell mediators, coemts of theextracelllar matrix, cryoprotectors,
etc. The protein moiety of most glycapteins is the factional part, while the carbohydrate moiety
contribues to the attamment of an adequate rt@ary structure and modifies the gbjarotein molecule
making it more resistant to degradation, and facilitates its secretion (7).

This paperdescribedhe cryoprotective activity of six extracelar yeast glycomteins prepared from
three yeast species cultivated under two different idond.

MATERIALS AND METHODS
Yeast stains

The following psychrophilic spees were usedCandida graminisCCY 29-133-1Candida capsuligena
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CCY 29-143-1) eucosporidium scottiCCY 64-1-1,Phaffia rhodozymaCCY 77-1-1,Leucosporidium
antarcticum CCY 64-3-1, Candida difluens CCY 29-132-1,Sympodiomyces parvuiSCY 73-1-1,
Dioszegia hungaricZCY 18-1-1,Candidafrigida CCY 29-144-1Candida gelidaCCY 29-121-1All
yeast grains weae obtained from the Cuture olledion of Yeass (Institute of Chemistry, SAS,
Bratislava, Slovakia).

Basd cryoprotedive medium

Basa cryomedum consisted of 7g wort extrad, 0.3g yeast &tract (Dfco), 0.5g pepone (Difco) per
100ml of tap waer. The medum wasthreetimes serilized by heaing at 100C for 1h on threeseparate

days.
Cryoadditives

After gerilizaion of the basa cryomedum, DMSO (Fluka, Switzerland) was adde as a penetrating

cryoaget to gve afinal concentration of 10% (v/v) in the first seies of cryomeda. The seond seaies
was prepaed without DMSO. All cryomeda mntained the aude ¢hanol predpitates of the dfferent

extracdlular yeastglycoproteins of three yeast speaes. Thesenon-penetrating ayoageits wee added
before gerilizaion into ayomedato gve afina concentration of 0.27%.

Cultivation conditions for preparation of the extracdlular yeast dgycoproteins

Control condition optimal mineral cultivation medium with 2% glucose contained per |: 4g yeast extrad,
10g (NH).SO,, 1g KH,PQO, 0.2g KHPQO, 0.1g Nag, 0.1g CaC}, 0.5g MgSQ, and 1ml
microelements lution (1.25g HBO; 0.1g CuSQ@ 0.25g Kl, 1g MnSQ, 0.5g FeCk, 0.5g
(NH4)sM070.4, 19 ZnSQO, contained per |). The optima cutivation temperdures used were 28 for
Dipodascus australiensend 17°C for Waltomyces kononenk@ad W. lipofer (Table 1). The cdls were
precutured aegobicdly in the test tubes to the gationary phaseof growth and then cutivated on a
redprocad shakerto the gationary phasein 11 flasks vith 500 ml of optimal minerd medum. After
centrifugdion crude etracdlular gycoproteins wee isolated by predpitation from the supenatant by
addng two volumesof 96% (/v) ethanol and sibsequet centrifugaion. The ethanol predpitate was
disolved in distilled water, dialyzed against distilled water and freeze-died.

To producethe gress onditions, 4% (W. kononenkoé). lipofer) and 8% NaQ (D. australienss), was
addedto the control medum.

Preservation in liquid nitrogen

The cdl suspesion (0.1 ml, 10 - 1€ cdis in 1 ml) and cryoprotedive nedium (0.5 ml) were pipetted
into sterile 2ml polyethylene anpoules Koh-i-noor, Ddean), and rapdly frozen in liquid nitrogen (no
later than 1h after pipetting). Three ampoules wee usedor eat strain as wdl as cyomedum. Cutures
had been stored for one yea. After 1yearof soragein liquid nitrogen, the cutures wee thawedin a
37°C water bath for 30 min. opened, and recutivated.
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Survival of the staage cuture

Quditative evaluaion was peformed by visud saeening of growth on wort agar after spreadng.
Growth was evaluated by 1-3 ciossedor the cuture gown taking into acount optimal time of growth
(1 coss= weak gowth, 2 adosses= medum growth, 3 closses= good growth); the cutures could
maximally reat 3 aosses= 100 %.

Table 1. Desgnation of the dycoproteins desabedin the paper

Strains Glycoprotein desgnation
Name No. % NaCl in cultivation medium
CCY 0 4 8
Dipodascus australiensis 52-6-1 G NG G,
Waltomyces kononenkoe 33-4-2 Gs Gy NG
Waltomyces lipter 33-2-4 Gs Ge NG

NG, not grown.

RESULTS AND DISCUSSION

The six crude glycoproteins were tested to determine their effed on the survival of the 10 psychrophilic
yeast srains goredin liquid nitrogen.

The drains could be dvidedinto three goupson the bass of their suwival ratesin the basa medum
containing DM SO (8) (Figs 1, 2). The strains survived only to a limied extent (to 4%) or did not survive
in the basal medium without any cryoadditive.

Group | comprised strains with the highest survival rates (20 = 6%). These strains were typicd
psychrophilic spedes. Each of them produced some protedive agent such as carotenoid pigment or
dime. The nost suitable glycoprotein cryoprotedants were G,, G, and Gs produced wmder Nad-
inducal stress conditions. Without DMSO (Figs. 1, 2 the most dfedive ayomedum was the
one ontainingThe average swival rate was aout 75%.

Group 1l comprised four strains with lower surviva rates (about 15+ 5%). The strains of D. hungarica
and C. gelidasurvived somewhat, while C. graminisand L. scottii suvivedto the lesser etent.

Group Il comprised the most cryosensitive strains (survival rates 0 - 5%).

In the DMSGOfree eyomedum only small differencesin the pecentageof survival when usng various
glycoproteins were observed. The glycoproteins produced by the strains of D. australiensisunder gress
conditions (8% NaCl in the cultivation medium) had the highest influence on the cryosensitive
psychrophilic yeast spedes (Figs 1, 2. The glycoprotein G2 was the nost effedive for al drains.
The ader of the effedivity of glycoproteinswas>@;, > G > G > G > G,.

The extracdlular yeast d¢ycoproteins producedby the gewusWaltomyceqGs, Gy, Gs and G;) were not
very effedive as cryoprotedive agents. The ability of these cultures to grow at the higher concentration
of Nad is probably depadent on the gructure of the dycoproteins poduced. Duing freeang, the
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resdud solution becomes hypertonic with regad to the intracdlular compartment, and thusthe cdlis ae
sWbjededto afast deceaseof osmotic pressue. The dycoproteins isolated from the 8% NaC medum
were dficient as cyoprotedive agets.

The results of the study of the survival rates will be used to develop experimental protocols that
minimize osmotic dress wvithout the penetrating ayoprotedant DMSO. The apficaion of the above
resuts to another type of eucayotic cdls has éso been descibed(9).
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Fig. 1. Surviva of the strains tested depending on the combination of basal medium (BM) and
nonpenetrating ayoageits with and without DMSO. 1, BM+G; 2, BM+G;; 3, BM+Gg; 4, BM+Gy; 5,
BM+Gs; 6, BM+Gg. Datarepreset the mean pecentagefrom threeindependent experiments
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Group Il (without DMSO):
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Fig. 2. Fig. 1 cont... Suiva of the grainsteded depading on the combination of basa medum (BM) and
nonpenetrating ayoagents with and without DMSO. 1, BM+G; 2, BM+G;; 3, BM+Gg; 4, BM+Gy; 5,
BM+Gs; 6, BM+Gg. Datarepreset the mean pecentagefrom threeindependent experiments
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