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INTRODUCTTON

Yeasts occurring in substrates with high sugar content sucll a3
honey, jams, Jellies, syups, dried fuits ad fruit concentrates ae
usualy referred to as osmophilic yeasts or osmnoduric yeasts. Osmo
phihic yeasts are those which proliferate in an enviroment of high
osmotic concentRation, whike osmoduric yeasts are those which tolerzte
but do not multiply in environments of high osmotic concentration.
Much of the interest in osmophilic yeasts has been due to their 1ole in
the spoilage of the previously mentioned high sugar content foods.
The common dominator of all these foods is the low water content in
relation to oganic matter. This low water ratio may be achieved
eit.her bya drying process or by the addition of large amount of solute.

Scott (1957) discussed the relationship between osmotic pressuIe,
vapor pressure, eguilibriun relative Humidity and wate' activity. The
equilibriumn relative humidity of a solution is the humidity at which
the rates of evaporation and condensation are equal and obviously
wil vary with the amount and type of material in the solution, which
in tun affects the water activity. Water activity is numerically
equal to the corresponding relative humidity R.H. expessed as a fun­
ction, i.e., R.H./100, It has been demonstrated by Shachinger and
Heiss (1951) and English (1953) that it is the overall water activity
of the medium, and not the nature or the amount of carbohydrates
present. which controls the growth of these yeasts under such condi­
tions of high suger content.

The puIpose of the present studies howeve1, is to show how the
water activity of the growth medium as egulaed by either glucose
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or sucIose can affect botl the protein content, And the diffeIent
fractions of polysaclarides in the sugar osmotolerant yeast Saccharo­
mices mells.

Materials ad. Metiods

Test organism : The yeast used in these studies was isolated
from 8 spolied sample of Appke jelly. It can grow on up t8 80% (w/v)
gluco3e concenttration. At 2% level, glucose Lut not sucrose, maltose
or lctose wa5 fermented. It readily assimilates glucose but poorly

.ssimilates maltose and sucLose, while lactose was not assimilatedة 
It does not assimilate nitrate. Cells are mostly oval, while vegetA­
tive gnowth by lateral budding, with no pseudomycelium fommation.
It forms a hittle ring but no pellicle. Ascospores are oval or spherical
mostly one per ascus, 2.3 may He found. 'The yeast was identified as
Sccclua'omvyces mellis acording to the pocedures presented by LoddeY
and Kregerwan Riذj (1952).

GIowth edium : The yeast was grown in 100 ml portions in
250 ml capacity Erlenneyer flasls at the desired suga concentra­
tion, using a basal mediumn composed f م 0.5% peptone, 0.3% yeast
extract, 0.2% HHP0, and 0.05% MgS0,7.H,0, initial pH 6.5. Suga
solutions and basal medium were sterilied separately aad then aep­
ticly mixed. 'The water activity of the growth medium was 1egula­
ten using either glucose or sucrose according to the table, pIesented
by Scott (1957). When sucr'ose was used to Tegulate tle water acti­
vity of the medium gluco:e was added at 1% concentration. Inocula­
ted flasقak were incubated at 28£ for three days.

WAshing of cells : Cehls wene harvested by centrifugation at
5500 r.p.m. for 15 minutes, (media with very high concentrations 0f
sugars were first diluted witl water to help easy centrifugation of
cells). After three times washing with distilled water, cells were
lyophilized and kept in a desiccatoL over caleium chloride.

Protein analysis : 100 mg portions of lyophilized cells were trans­
ferred to 15 ml capacity glass centifuge tubes. 4 ml of 0.5N NaOH
solution were added. 'Tubes were then put in a boiing water bath
for 8 minute3. After alali digestion, cells were centrifuged for 10
min. at 6500 rp.m. The cell residue was washed twice with 3 ml
portions of cold 0.5N NaOI solution and the combined supernatants
were brought up to 10 ml. Protein analysis was run using Tolin
Ciocalteu method, LowIy et a]. (1951). Bovine albumin was used
as a standard. Absorbancy of samples was 1ead colorimetricaly at
550 mu.
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Carbohydrate Analysis : Guantitative deteImination of the dif­
ferent fractions of cellular polysaccharides togethey with the totl
carbohyd1ete content ras carried out using the procedure describel
by Chung and Nickerson (1954). 50 mg portions of lyophilized yeast
cells were used. Anthrone reagent was used for colorimetrie deter­
mination of carbohydrates. Standard mannose solution was used for
mannan detemmination, while standand glucos solution was used for
the rest of EAmples.

Reswlts amd, Discussio8

Fig. 1 presents levels 0f alkali extactable proteins of the yeast
when grom on media the water activity of which was regulated either
by glucose alone, or by sucrose leeping the glucose level at 1%. In
both cases, one notes the complete similarity in the stimulatory efTect
of he water activity of the medium on levels of alkali extractable pro­
teins with a peakr at about 0.91 water activity. On the other hand,
a reciprocal relationship is notieed between levels of alkrali extractable
proteins and levels of the totAl yeast carbohydrates as a function of
the wate1- activity of the medium. Yeast cells grow in the presence
of sucrose at 1% glucose level shoed lower levels of carbohydrate
than yeast grow in the presence of glucose aloe.

Fig. II and III show the levels of each fraetion of the yeast poly­
saccharides when sucrose and glucose mere used to regulate the water
activity of the growth medium respectively. In both cases, complete
similarity could be noticed for each fractiion of polysaccharide. The
trichloroacetic acid extractable carbohydrates which constitute moمص ­
nucleotides, oligosaccharides and phosphorylated sugars [Chung and
Nielrerson 1954), show a very small increase in their levels as the
mater acbivity of the gTowth medium decreases, with a small peak at
about 0.97 water activity. As the water acbivity of the medium dec-

reases, an initial rise in the glycogen levels is noticed with a peak at
about 0.985 rater activity, followed by reduction in these levels at
lower water acbivities. Also, a reciprocal relationship could be no­
ticed between levels of both glycogen and mannan. However, levels
of both compounds at 1ow water activities approximate those for cells
grown at high water activity. Glucan levels seem to be directly
affected by the reduction in the water acivity of the growth medium.

According to Chung and Nickerson (1954), synthesis of glucan
and mannan by different strains of Saccharomyces species growing
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on ghucse contaiing media, proceeds via the formAtion of glucose
aid mainose1- phosphates respecively. Both in tur are formed from
hexos6و- - phosphate. Therefore, the observed reduetion in levels 0f
glucan at low water activities presumably might be due to the develop­
ment of metabolic lesions at one or more steps during the synthesis
of glucan from glucose-1-phosphate.

Glucan and mamnan have already been shown to ccur in cell walls
of Sucharomees species Kessler and Nickerson (1959), and any
change in the ratio of these polysaccharides will presumably afrect
the physicochemical properties of the yeast cell wall, Dunwell et al.
(1961). 'Therefore. possible alterations in the physicochemical pro­
perties 0f the yeast cell wall when grown at different levels of water
activity, cAn be presumed in reference to the noticed difTerece in
the ratio of both giucan and mannan obtained in the present studies.
Tyis needs fuNther investigations. However, the stimulatory efrect
of lower values of water activity on levels of eellular proteins, could
not be explained in relation tg the yeast sugar osmotolerance.

Symdry

The sugAr osmotoleYant yeast SacchdrowGes mnelis 1as grown
on mediA the water activity of which was regulated either by glucose

,arbohydrates were found to decreaseب ucrose. Levels of totalن ي 
while leyels of alkali extRactable proteins incIease in the yest cells
s the wzter aEtivity of the growth medium decreases. Reciprocalة 
relationship has been found between levels of glycogen and mannan
unDer the sAme conditions. Glucan levels however, were found to be
directly affected by the reduction of the vater activity of the growth
medium.

At low vAlues of water- activity, A possible development of meta­
bolic lesion at one or more steps during glucAn synthesis from glucose
1-phosphate wجs presumed. Als0, a possible alteration in the phy­
sicochemical properties of the yeast cell wall was presumed, due to
the noticed variation in ratios between glucan and mannan levels, vhen
cells wyere grown at different water activities.
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Fi٤. 1

Th٥ efect of the water activity of the growا medium on Levels of botb alkلد i-
eRtracuable proteins and totAl cellular carbohydrates in 5EeeHمr 1ye ;lLو

.ram '$ mEl '2s١٥ا-
Open cirlcs and squares represent levels 0f alkali-eRtractable proteins when the

water activity of the mediصu Was regulated by Gluese And sucrose respecLively.

Closed ب circles and squares represent levels of total carbohydrates when the activity
of thc medium was regulated by glucose and sucrose respectively.
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Legered to Fig. II

2he efTect o2 water activity of the rowth ع mediصu ns rcgulated by sucroعs on teve!  و
o1 tbe diferent polysaccharide fractions in cells of Scchwaroryccs mrellts.

Open circles and sauarc3 rpresent lewels of mannan and glycogen respectively.
CHosed circles and squares reprsent 1evels of cold TCA-eRtractable carbohydrates and

.lucan respectivelyع 



20
 ج

9٥ع
 سه

 ج15
o
 ى{

{ م م٥
 لنا ة
 ن5 ت= افا

095 م؟

214

090 085
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LEcend to Fig. II

The efect of water actiwity of the growth meDium as Tegulatcd Dy Plucose on levels
of the differert polysacharide fractions in cslls of saceharen٣«s mnelis.

Open circles and sauars represent leve!s of mannan and glycogen respcctively.
Closed cIrcles and squares represent Ievels ot cold TCA-extractable carbohydrates, and
glucan respectively.


