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Aim. The influence of two types of colloidal particles, mineral (based on modified nanosilica) and
composite (based on starch hydrogels and modified nanosilicas) on the activity of yeast cells was
investigated. Methods. The structure of interfacial water layers in the system of yeast cells/nanosilica was
studied by NMR spectroscopy in combination with a water freezing technique. Results. It was found that
Highly Dispersed Silica (HDS) strongly influences the structure of the interfacial water layers in the
dehydrated cells. Conclusions. Modified silica stimulates the vital processes in yeast cells.
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In tro duc tion. Re cently a great at ten tion has been paid
to in ves ti ga tions of in ter ac tions of mi cro or gan isms
with highly dis persed ma te ri als ca pa ble to in flu ence es -
sen tially phys i o log i cal ac tiv ity of mi crobe pop u la tions
via changes in the in ten sity and di rec tion of bio chem i -
cal pro cesses, pro lif er a tion rate of mi cro or gan isms and
bio mass growth. In some cases a de crease in the met a -
bolic ac tiv ity of mi cro or gan isms due to their in ter ac -
tion with nanocomposites is of great  bio tech no log i cal
sig nif i cance since it fa vors their sur vival in the
anabiosis state [1-3]. How ever, it is known that phys i o -
log i cal ac tiv ity of microorganisms can be enhanced
due to their contact with solid materials [2-4].

The aim of this work was to study an  in flu ence of
two types of col loi dal par ti cles,  min eral (mod i fied
nanosilicas) and com pos ite (pre pared with starch
hydrogels and mod i fied nanosilicas), on the vi tal ac tiv -

ity of sus pended Saccharomyces cerevisiae yeast cells,
and to an a lyze  the  struc ture of  in ter fa cial wa ter lay ers 
in a model sys tem “yeast cells – nanosilica “

Ma te ri als and meth ods. Mod i fied silicas were
based on highly dis persed sil ica (HDS) (spe cific sur -
face area S = 300 m2/g, pi lot plant at the O.O. Chuiko
In sti tute of Sur face Chem is try of NAS of Ukraine,
Kalush) and silochrome (S = 120 m2/g,
“Khimlaborreaktiv” Ltd, Ukraine) mod i fied by
aminopropylmethylsilane (“Aldrich”, USA) and
phosphitic acid (“Aldrich”) with ap prox i mately one
third of silanols sub sti tuted with
aminopropylmethylsilyl groups. Macroporous
(APMSm.p.) silochrome and highly dis persed sil ica
(APMSh.d.) with aminopropylmethylsilyl functionalities 
were syn the sized as de scribed else where [5]. One of
pro tons in the amino groups of APMSh.d was sub sti tuted 
with phos pho ric acid res i due; i.e. the sil ica sur face was
of ba sic (APMSh.d.) or acidic (phos pho rus-con tain ing
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sil ica) char ac ter. The con cen tra tion of sur face
functionalities was con trolled by element analysis (C,
H, P, N) [6]. 

Po tato starch (“Khimlaborreaktiv” Ltd, Ukraine)
was used as biopolymeric col loi dal par ti cles. To cre ate
nanocomposites, starch hydrogels (4-50 wt% of
biopolymeric phase) were mixed with HDS at  the 
starch to  sil ica ra tios  of 9:2, 7.8:1, 1.4:1, 1:1.4, and 1:3. 
The hydrogels were pre pared with care ful stir ring pow -
der-like com po nents and cer tain amounts of wa ter.
Then the mix ture was heated to 87 oC with in ten sive
stirring.

Yeast cells (“Enzim”, Ukraine) were cul ti vated in
8 % glu cose so lu tion (so lu tion for in jec tions,
“Farmak”, Ukraine) at 28 oC. While ana lys ing  yeast
cells growth the num ber of cells was con trolled. The so -
lu tion tur bid ity and car bonic acid  gas  elim i na tion  de -
pend on the num ber of cells, that can be es ti mated ac -
cord ing to a known pro ce dure [7,8]. The aque ous so lu -
tion (0.1 l) con tain ing 8 % of glu cose was put in a 0.25 l
flask, 1 g of dried yeast was added, and then the flask
was blanked with a stop per hav ing a built-in bib. As a
re sult of fer men ta tion, car bon di ox ide was formed in
the flask and evap o rated freely, there fore the mass of
the re ac tion ves sel de creased that can be de ter mined
quan ti ta tively. Firstly, the flask with a sam ple was
weighed us ing a VLKT-500 tech ni cal bal ance with ac -
cu racy of ±0.01 g. The re ac tion ves sel was weighed pe -
ri od i cally to find the weight of CO2 elim i nated. The
num ber of cells was counted by means of a mi cro scope
in the  Goryayev cam era. The sus pen sion tur bid ity was
mea sured trough the op ti cal den sity us ing a KFK
photocolorimeter at l = 670 nm and the op ti cal length
of 0.1 cm using a red filter with the maximum of pass
band at 670 nm.

To study the char ac ter is tics of wa ter in cells and
sus pen sion, the 1H NMR spec tros copy with
layer-by-layer freez ing-out of wa ter was used to re cord
the sig nal of un frozen wa ter [10-15]. It is pos si ble to de -
ter mine ther mo dy namic char ac ter is tics of in ter fa cial
wa ter lay ers us ing this method since changes in the
melt ing point of ice de pend on the sur round ings. The 1H 
NMR spec tra were re corded us ing   Varian 400 Mer -
cury (USA) spec trom e ter of high res o lu tion with the
prob ing 90o pulses. The tem per a ture was con trolled by
means of a Bruker VT-1000 de vice. Rel a tive mean er -

rors were ±10% for [the] 1H NMR sig nal in ten sity and
±1 K for tem per a ture. To pre vent supercooling of the
stud ied sys tems, the mea sure ments of the amounts of
un frozen wa ter were car ried out at heat ing the  sam ples
pre lim i nar ily cooled to 210 K [10,13,15]. The 1H NMR
spec tra re corded here in clude the sig nals only of
nonfreezable mo bile wa ter mol e cules. The sig nals of
wa ter mol e cules from ice, as well as pro tons from the
ma te ri als, do not con trib ute  to  the 1H NMR spec tra be -
cause of  the  fea tures of   mea sure ment tech nique. The
chem i cal shifts of pro ton res o nance (dH) of intercellular
wa ter were mea sured in air (with CHCl3 as outer stan -
dard, dH = 7.26 ppm) or CHCl3 me dium. Chlo ro form can
dis solve rel a tively small quan tity of wa ter (<0.6 wt% at
T < 295 K). There fore one can as sume that wa ter dis -
solved in chlo ro form does not strongly con trib ute  to  the
to tal 1H NMR sig nal. Note wor thy,   that the use of CDCl3

al lows us to de ter mine ac cu rately the dH val ues of bound
wa ter , to avoid  het er o ge neous broad en ing of the NMR
sig nal and to re duce    the mo lec u lar ex change be tween
wa ter clus ters bound to dif fer ent ac tive sites [10-15].

Re sults and dis cus sion The re sults of mea sure -
ment of the bio met ric in di ces of nanosilica in flu ence on 
the vi tal ac tiv ity of yeast cells are shown in Fig. 1. If a
cer tain amount of yeast cells is an aque ous sus pen sion
with  fixed quan tity of nu tri tive ma te rial (glu cose), the
growth of yeast cells can be char ac ter ized by sev eral
stages [9]. The first one is a lag-phase when the cells ad -
just to a new me dium. This stage of de vel op ment is rel -
a tively short and does not ex ceed a few hours. The sec -
ond  stage  is an ex po nen tial phase when the growth of
col ony takes place  along  with ac cu mu la tion of cell
bio mass and steady elim i na tion of gas eous car bon di -
ox ide be cause of   bioactivity of cells. The third one is  a 
sta tion ary  phase  when the cells col ony de grades with
de creas ing con cen tra tion of nu tri ents and ac cu mu lat ing 
prod uct of cell me tab o lism (eth a nol). At this stage the
body of the cells is de stroyed .

For all the sys tems con tain ing sil ica sim i lar changes 
are ob served in the curves of gas re lease and bio mass
in crease. The ini tial stage of the pro cess (up to 5 h) is
char ac ter ized by pro lif er a tion and re spi ra tory ac tiv ity
of the cells, and no lag-phase was reg is tered. There fore, 
in the pres ence of nanosilica  the  cells adapt ex tremely
quickly to the me dium, be gin to di vide  and have  great
re spi ra tory ac tiv ity. Af ter 40 h   ( in  the ex po nen tial
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phase),  min i mum re spi ra tory ac tiv ity is ev i dent rel a -
tive to the con trol 8 % glu cose so lu tion with out ad di -
tions (Fig. 1, a) which is due to a de crease in the vol ume 
of gas re lease for phos pho rus-con tain ing sil ica (sam ple
2) de spite  rather  in ten sive pro cess of cell pro lif er a tion
(Fig. 1, b). On sub se quent in cu ba tion of the cell sus pen -
sion, the gas re lease in creases again and its ab so lute
max i mum is for the sam ple 2 for in cu ba tion time of
90 h, which is larger than that for other sam ples. Then
the gas re lease rate de creases for all the sam ples be -
cause of eth a nol ac cu mu la tion in the solution, the
decrease in glucose content, and destroying  of a great
number of   cells.

No stage of rel a tive de crease in in ten sity of re spi ra -
tory ac tiv ity of yeast cells is ob served af ter 30 to 60 h of
in cu ba tion as well as for the con trol sam ple (sus pen sion 
of yeast cells in glu cose so lu tion). This can be ex -
plained by the fact that this stage is con di tioned by the
pres ence of sil ica par ti cles. Both mod i fied and un mod i -
fied silicas are char ac ter ized by high ad sorp tion ca pa -
bil ity to  biopolymer mol e cules and cell ob jects [1-3].
Dur ing prep a ra tion of sam ples the sil ica par ti cles and
cells seem to   form sta ble ag gre gates with struc tures
cor re spond ing to min i mal Gibbs free en ergy of the cells 
– wa ter – sil ica sys tem. Just in such ag gre gates cells can 
trans form from the anabiosis to ac tive func tion ing. Sil -
ica par ti cles can af fect the cell adapt abil ity to the me -
dium and pro mote their quick re pro duc tion. Nev er the -
less, at bio mass growth the cells newly formed change

the sta bil ity of cell – sil ica ag gre gates and they (af ter
reach ing some break ing point of the col loi dal sys tem)
be gin to form new ag gre gates of an other com po si tion
be cause of changes in the state and  ther mo dy namic pa -
ram e ters of the col loi dal so lu tion. The re spi ra tory ac tiv -
ity of cells can slow down when they lose con tacts with
the sur face cor re spond ing to the min i mum in the mCO2

(t) plot  (Fig. 1, a). When the sus pen sion re ar ranges to
the end, the cell respiratory activity increases again and
can exceed the initial one because of interaction with
mineral particles.

It should be noted that the curves of gas re lease and
bio mass growth do not co in cide. Thus, in the pres ence
of nanomaterials the num ber of cells de creases as com -
pared to that in the con trol sam ple whereas their re spi -
ra tory ac tiv ity in creases. Thus nanodispersed ma te ri als
are ca pa ble to in ten sify es sen tially the vi tal pro cesses of 
cell cul tures and to en large the  rate of glu cose re pro -
cess ing with out any con sid er able ef fect on the rate of
cell di vi sion. It is the most ev i dent for the phos pho -
rus-con tain ing sam ple that is prob a bly conditioned by
its acidic properties.

In or der to con firm the as sump tions stated, the ef -
fect was ex am ined for nanocomposites pre pared on the
ba sis of silicas and starch gels af fect ing the vi tal ac tiv -
ity of yeast cells. Starch can form sta ble biocolloidal
sys tems with silicas (sil ica core- starch shell par ti cles)
[16], there fore it can be ex pected that biocomposites
with cells can form com plex ag gre gates in the sus pen -
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Fig. 1. Dynamics of gaseous carbon dioxide release in the process of yeast fermentation (a) and biomass increase of yeast cells in the
presence of modified silicas (b): 1 - control; 2 - phosphorus-containing silica; 3 - APMSm.p.; 4 - APMSh.d.; C

CO2
 is the relative concentration of

CO
2
 with respect to the control sample; n - is the number of cells in cm3.



sions. In these com pos ites cell mem branes should con -
tact with the biopolymer shells of min eral par ti cles
rather than with the sil ica cores, i.e., di rect cell-sil ica
con tacts are pre vented at the initial stages of
incubation.

Fig. 2 shows the ef fects of  starch hydrogel with sil -
ica ad mix tures on gas re lease of yeast cells. Cov er age
of min eral par ti cles with the biopolymer shells re sults
in re duc tion of cell ad ap ta tion to the cul ture me dium.
Nev er the less a to tal quan tity of CO2 formed in  the sam -
ples stud ied ex ceeds the con trol value by 15-30 % that
tes ti fies  to  the stim u lat ing ef fect of nanooxides on the
vi tal ac tiv ity of yeast cells in these sam ples (see Ta ble).
A sec tion of the ki netic curves re lated to the re or ga ni za -
tion of the col loi dal sys tem re mains for these sam ples (as 
for that with sil ica but with out starch) due to ac cu mu la -
tion of cells bio mass fol lowed by a rel a tive de crease in
their re spi ra tory ac tiv i ties. The stage of cell col ony deg -
ra da tion is dis placed to wards lon ger time and is not ob -
served at cho sen in cu ba tion du ra tion (140 h).

Bionanocomposites of any type have a stim u lat ing
im pact on the cell fis sion in con trast to the ini tial ox ides 
(Ta ble). The max i mum bio mass growth (29-33 %) is
ob served for highly dis persed with the
aminoprpylmethylsilyl groups (Ta ble, sam ples 14 and
15). Changes in the con cen tra tion ra tio be tween  min -
eral and biopolymeric com po nents in the
nanocomposites do not re sult in sys tem atic vari a tion  of  

their bi o log i cal ac tiv i ties. How ever it was shown pre vi -
ously [16] that this ra tio can strongly in flu ence the
conformational state of starch macromolecules. Prob a -
bly, the stim u lat ing ac tion of nanosilicas on yeast cells
oc curs if the starch mol e cules are dis placed by the cells
at the sil ica sur face, and the conformational state of
starch molecules becomes insignificant.

To elu ci date pos si ble rea sons of the stim u lat ing ac -
tion of silicas on the yeast cell vi tal ac tiv ity, the ef fects
of nanosized par ti cles on wa ter state within the con tact
zone were stud ied in the model sys tem with highly dis -
persed sil ica – yeast cells be cause such in ter ac tions can
re sult in con sid er able changes in the cell metabolism.

The 1H NMR spec tra of wa ter in par tially de hy drated 
yeast cells (Fig. 3, a, b – sam ples 1 and 2, re spec tively),
sil ica pow der (pre pared by dry ing aque ous sus pen sion)
con tain ing 4 wt% of bound wa ter (Fig. 3, c, sam ple 3),
and the com pos ites con sist ing of a dried mix ture of yeast
cells and sil ica  (2 : 1)  in clud ing var i ous quan ti ties of
bound wa ter (Fig. 3, d–f, sam ples 4-6)  were de tected..
The mea sure ments were car ried out in  a   weakly po lar
chlo ro form me dium which con sid er ably re duced the
NMR sig nal width and al lowed us to de ter mine the
chem i cal shifts of pro tons in bound wa ter, as well as  to 
sta bi lize the wa ter state both in yeast cells and at the in -
ter face of cell – highly dis persed sil ica par ti cles.

The wa ter sig nals in yeast cells (Fig. 3, a, b) con -
tain ing 11 to 27 wt% of wa ter are ob served as a sin gle
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Fig. 2. Dynamics of CO
2
 release in the fermentation process in the suspension of yeast cells with additions: 1 - control; 2 - starch (7,8): HDS

(1): water (138.8); 3 - starch (7,8): HDS (1): water (72); 4 - starch (7.8): HDS (1): water (12.2); 5 - starch (1): HDS (3): water (30); 6 - starch
(1): HDS (1.4): water (20); 7 - starch (1.4): HDS (1): water (14); 8 - starch (4.5): HDS (1): water (16); 9 - starch (1): APMSh.d. (3): water (30);
10 - starch (1): APMSh.d. (1.4): water (20); 11 - starch (1.4): APMSh.d. (1): water (14); 12 - starch (4.5): APMSh.d. (1): water (16).



sig nal  at dH » 1.3 ppm. All wa ter in cells is bound, i.e. it
un der goes a strong dis turb ing ef fect of the sur round -
ings, which cor re spond to the sur face of struc tural el e -
ments in side cells and biopolymeric sub stances trans -
formed to the solid state on de hy dra tion. The chem i cal
shift of pro tons in the in ter fa cial wa ter is con trolled by
the num ber of hy dro gen bonds per a wa ter mol e cule as
well as by the strength of the hy dro gen bonds for wa -
ter-wa ter and wa ter-sur face functionalities.

Tak ing into ac count the fact that the num ber of  wa -
ter-wa ter hy dro gen bonds can be more than that of wa -
ter-sur face ones ( each  wa ter mol e cule can form four
hy dro gen bonds) and the strength of these bonds al most 
does not dif fer, one can as sume that the chem i cal shift
of pro tons in wa ter is con trolled, first of all, by the co or -
di na tion num ber of wa ter mol e cules [10-12]. If the lat -
ter changes from 0 to 4, the dH value changes from 1.3 to 

7 ppm [12]. Thus intracellular wa ter is weakly as so ci -
ated (each wa ter mol e cule forms less than one hy dro -
gen bond as pro ton-do nor) or char ac ter ized by strongly
disturbed hydrogen bond network.

A few sig nals are ob served in the 1H NMR spec tra
of the sil ica pow der (pre pared by dry ing of the aque ous
sus pen sion) con tain ing about 4 wt% of wa ter (in
deuterochloroform me dium). The sig nal from strongly
as so ci ated wa ter ad sorbed on sil ica sur face at dH =
4.2-4.8 ppm is the most in ten sive. The dH value tes ti fies
that each wa ter mol e cule takes part in the for ma tion of
2.5 hy dro gen bonds on av er age. This is  the  wa ter with
par tially de stroyed ice-like struc ture typ i cal for both
liq uid wa ter and   most of bi o log i cal ob jects con tain ing
bound wa ter. The sig nals at dH = 7.26; 5, and 1.3 ppm
are linked to the pro tons in CH groups of
non-deuterated chlo ro form pres ent as an ad mix ture,
OH groups of wa ter in nanodrops dis persed in the chlo -
ro form phase or weakly-as so ci ated wa ter, re spec tively.

For the com pos ite sys tems con tain ing cells and sil -
ica (Fig. 3, d-f) de hy drated un der the same con di tions as 
sil ica sus pen sion (its spec trum is shown in Fig. 3, c) at
CH2O = 12 wt%, more than 90 % of the to tal quan tity of
bound wa ter be longs  to weakly as so ci ated one. Nev er -
the less, un like the sam ple 1 (Fig. 3, a), when fixed wa -
ter quan ti ties are added to the sam ple 3 (Fig. 3, b), an in -
ten sive sig nal of strongly as so ci ated wa ter is reg is tered
at smaller con cen tra tion of bound wa ter than it takes
place for par tially de hy drated cells (Fig. 3, b, e, f). In the 
sam ple 5 (Fig. 3, e) above 30 % of wa ter is weakly as so -
ci ated whereas in the sam ple 6 (Fig. 3, f) above 20 % of
the total quantity of bound water is weakly associated.

Thus, HDS strongly in flu ences the struc ture of in -
ter fa cial wa ter lay ers in par tially de hy drated cells.
When sil ica nanoparticles con tact with cell sur face not
only a de crease in con cen tra tion of bound wa ter takes
place caused by cell-sur face in ter ac tions [10], the dis -
place ment of bound ary wa ter and de hy dra tion of both
sur faces,   but also  the  changes in the struc ture of in ter -
fa cial wa ter. The most part of wa ter lo cal ized at the
cell-sil ica in ter face trans forms from strongly as so ci ated 
wa ter to weakly as so ci ated one. There fore, sil ica par ti -
cles at the cell sur faces can strongly in flu ence the pen -
et ra bility of the cel lu lar mem branes since weakly as so -
ci ated wa ter pres ents a weak bar rier for both po lar and
non-po lar sub stances and pro motes the cel lu lar me tab o -
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Samp
le

Silica
Cell number

(%) to
control **

1 control 100,0

2 Phosphorus-containing silica 90,6

3 APMSm.p. 96,0

4 APMSh.d. 83,1

5 starch (7.8)*: HDS (1)*: water (138.8)* 125,9

6 starch (7.8)*: HDS (1)*: water (72)* 131,2

7 starch (7.8)*: HDS (1)*: water (12.2)* 116,4

8 starch (1)*: HDS (3)*: water (30)* 120,4

9 starch (1) *: HDS (1.4) *: water (20) * 122,5

10 starch (1.4) *: HDS (1) *: water (14) * 108,8

11 starch (4.5) *: HDS (1) *: water (16) * 121,5

12 starch (1) *: APMSh.d. (3) *: water (30) * 123,8

13 starch (1) *: APMSh.d. (1.4) *: water (20) * 118,2

14 starch (1.4) *: APMSh.d. (1) *: water (14) * 133,5

15 starch (4.5) *: APMSh.d. (1) *: water (16) * 129,3

 *Weight ratio of components;
 **control sample corresponds to the suspension of cells in the 8 %
solution of glucose.

 Influence of modified silicas and their composites with starch
on yeast cell fission



lism pro cesses. This ac ti vates the vi tal func tions of the
cells and re sults in strengthening gas release and
biomass growth   observed experimentally.

Rea son ing from the re sults ob tained, one can draw
a con clu sion on the con sid er able stim u lat ing in flu ence
of mod i fied silicas and re lated nanocomposites on the
vi tal ac tiv ity of Sac.cerevisiae yeast cells. The mech a -
nism of this ef fect is quite  com pli cated. It is con di -
tioned, to all ap pear ance, by the tran si tion of the wa -
ter-or ganic sys tems lo cated at the cell-sil ica in ter faces

into a clus ter state char ac ter ized by the pres ence of
weakly as so ci ated wa ter. This is a pe cu liar state of the
ma te rial where in ter fa cial wa ter be comes eas ily per me -
able for both po lar and non-po lar or ganic sub stances
that pro motes the cel lu lar me tab o lism pro cesses. Nev -
er the less, de spite the re spi ra tory ac tiv ity of cells in -
creases in case of the use of both nanosilica and re lated
nanocomposites, the re pro duc tive performance of cells
increases only at   utilizing starch-silica
nanocomposites. 
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Fig. 3. 1H NMR spectra of water bound in (a, b) partially dehydrated yeast cells; (c) silica powder prepared by drying of the aqueous
suspension; (d-f) dehydrated composites at cells:silica = 2:1 at different content of water.



Thus, ap pli ca tion of bionanostimulators gives an
op por tu nity to con trol dif fer ent as pects of cel lu lar me -
tab o lism di rected to both   cell bio mass growth and in -
ten si fi ca tion of the  fer men ta tion pro cess. These prop -
er ties of nanosized biostimulators can be uti lized in var -
i ous biotechnological processes.

Ò. Â. Êðóï ñêàÿ, À. À. Òó ðî âà, Â. Ì. Ãóíü êî, Â. Â. Òó ðîâ

Âëè ÿ íèå âû ñî êî äèñ ïåð ñíûõ ìà òå ðè à ëîâ íà ôè çè î ëî ãè ÷åñ êóþ

àê òèâ íîñòü äðîæ æå âûõ êëå òîê

Ðå çþ ìå

Öåëü. Èçó ÷èòü âëè ÿ íèå íà æèç íå äå ÿ òåëü íîñòü ñóñ ïåí çèè
äðîæ æå âûõ êëå òîê Saccharomyces cerevisiae äâóõ òè ïîâ êîë -
ëî èä íûõ ÷àñ òèö – ìè íå ðàëü íûõ (ìî äè ôè öè ðî âàí íûõ íà íîê ðåì -
íå çå ìîâ) è êîì ïî çèò íûõ (ïðè ãî òîâ ëåí íûõ íà îñíî âå
ãèä ðî ãå ëåé êðàõ ìà ëà è ìî äè ôè öè ðî âàí íûõ íà íîê ðåì íå çå ìîâ).
Ìå òî äû.  Â ìî äåëü íîé ñèñ òå ìå äðîæ æå âûå êëåò êè–íà íîê -
ðåì íå çåì ñ èñ ïîëü çî âà íè åì 1Í ßÌÐ ñïåê òðîñ êî ïèè â ñî ÷å òà -
íèè ñ ìå òî äè êîé âû ìî ðà æè âà íèÿ æèä êîé ôàçû èñ ñëå äî âà íà
ñòðóê òó ðà ìåæ ôàç íûõ ñëî åâ âîäû. Ðå çóëü òà òû. Óñòà íîâ ëå -
íî, ÷òî âû ñî êî äèñ ïåð ñíûå ìà òå ðè à ëû ñó ùåñ òâåí íî âëè ÿ þò íà 
ñòðî å íèå ïå ðå õîä íûõ ñëî åâ âîäû â äå ãèä ðà òè ðî âàí íûõ êëåò -
êàõ. Âû âî äû. Ìî äè ôè öè ðî âàí íûå êðåì íå çå ìû ñòè ìó ëè ðó þò
ïðî öåñ ñû æèç íå äå ÿ òåëü íîñ òè äðîæ æå âûõ êëå òîê.

Êëþ ÷å âûå ñëî âà: 1Í ßÌÐ ñïåê òðîñ êî ïèÿ, ãèä ðà òè ðî âàí -
íîñòü, íå çà ìåð çà þ ùàÿ âîäà, ìî äè ôè öè ðî âàí íûå êðåì íå çå ìû,
ñóñ ïåí çèè äðîæ æå âûõ êëå òîê.

Ò. Â. Êðó ïñüêà, À. À. Òó ðî âà, Â. Ì. Ãóíü êî, Â. Â. Òó ðîâ

Âïëèâ âè ñî êî äèñ ïåð ñíèõ ìà òåð³àë³â íà ô³ç³îëîã³÷íó àê òèâí³ñòü 

äð³æäæî âèõ êë³òèí

Ðå çþ ìå

Ìåòà. Âèâ ÷è òè âïëèâ íà æèòòºä³ÿëüí³ñòü äð³æäæî âèõ
êë³òèí Saccharomyces cerevisiae äâîõ òèï³â êî ëî¿ äíèõ ÷àñ òè -
íîê – ì³íå ðàëü íèõ (ìî äèô³êî âà íèõ íà íîê ðåì íå çåì³â) ³ êîì ïî -
çèò íèõ (ïðè ãî òîâ ëå íèõ íà îñíîâ³ ã³äðî ãåë³â êðîõ ìà ëó òà
ìî äèô³êî âà íèõ íà íîê ðåì íå çåì³â). Ìå òî äè. Ó ìî äåëüí³é ñèñ -
òåì³ äð³æäæîâ³ êë³òèíè–íà íîê ðåì íå çåì ç âè êî ðèñ òàí íÿì 1Í
ßÌÐ ñïåê òðîñ êîï³¿  ó ïîºäíàíí³ ç ìåòîäèêîþ âè ìî ðî æó âàí íÿ
ð³äêî¿ ôàçè äîñë³äæå íî ñòðóê òó ðè ì³æôàç íèõ øàð³â âîäè. Ðå -
çóëü òà òè. Âñòà íîâ ëå íî, ùî âè ñî êî äèñ ïåðñí³ ìà òåð³àëè ³ñ-
òîò íî âïëè âà þòü íà áó äî âó ïå ðåõ³äíèõ øàð³â âîäè â äåã³äðà -
òî âà íèõ êë³òè íàõ. Âèñ íîâ êè. Ìî äèô³êî âàí³ êðåì íå çå ìè ñòè -
ìó ëþ þòü ïðî öå ñè æèòòºä³ÿëü íîñò³ äð³æäæî âèõ êë³òèí.

Êëþ ÷îâ³ ñëî âà: 1Í-ßÌÐ ñïåê òðîñ êîï³ÿ, ã³äðà òèâí³ñòü, íå -
çà ìåð çà þ ÷à âîäà, ìî äèô³êî âàí³ êðåì íå çå ìè, ñóñ ïåíç³¿
äð³æäæî âèõ êë³òèí.
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