ROCZNIKI GLEBOZNAWCZE T. XXVI, Z. 2, WARSZAWA 1975

3. KOSINKIEWICZ, J. LUBCZYNSKA, M. STANKIEWICZ

THE EFFECT OF THE HERBICIDE CIPC
ON RHODOTORULA GLUTINIS CELLS !

Institute of Agricultural Chemistry
Soils Science and Microbiology Agricultural
University of Wroctaw, Poland

It had been known before [2, 8, 9, 10] that the herbicides of the
carbamates group strongly affect physiology of microorganisms. The
aim of the present work was to gain an insight into the action of the
herbicide CIPC (isopropyl-N/3-chlorphenyl carbamate) on the cells of
soil yeast Rhodotorula glutinis, as a model of soil microflora. Attention
has been paid to the following questions: the effect.-of the CIPC on the
growth of the cells, the pigment production by yeast, the content of
nuc1e1c acids and lipids, the sorption of some dyes by the cells and the
penetratwn of the CIPC into the cells. The action of the herbicide CIPC
on the yeast cells with the action of the detergent of sodium taurocho-
late has been compared.

METHODS

The yeast strain Rhodotorula glutinis, isolated from soil [10] in the
Rider medium, during 1-6 weeks, was cultivated at 30°C. The herbicide
CIPC, technically pure (50% of active ingredient), in the dose of 100 ppm,
or CIPC analytically pure, in the dose of 50 ppm, or sodium taurocholate
of 10 ppm was added to the culture medium. The growth of yeast cells
was determined nephelometrically.

The pink pigment produced by yeast has been obtained from the
cells by means of extraction with 96% ethanol and determined spectro-
ohotometrically.

! The work supported partially by the Committee of Microbiology, IInd
Department of Polish Academy of Sciences.
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The determinations of nucleic acids content in the yeast cells with
different methods were carried out. The yeast cells after 2-4 weeks
of incubation were harvested by centrifugation, washed twice with
phosphate buffer pH 7, once with distilled water and dried in vacuo
at 0°C. Dried cells were disintegrated mechanically by grinding with
acid-washed sand for 20 min at 5°C, then DNA was isolated according
to the Kirby method [7] and determined gravimetrically. The nucleic
acids (RNA + DNA) were also isolated by the method of Marmur {12]
or the method of Schneider [15]. Then the RNA amount was de-
termined colorimetrically by the method of Mejbaum [13] and DNA
by the method of Dische [6] modified by Burton {4]. The content
of nucleic acids (RNA + DNA) was determined spectrophotometrically.
The microscopic observations of nucleoids of the yeast cells have been
carried out according to the method of Tulasne Vendrely [3].

Intracellular lipids of the yeast cells were obtained using the method
described by Deinem a [5] and determined gravimetrically.

The effect of CIPC and sodium taurocholate on the sorption of some
dyes by the yeast cells was determined by the following method:

The cells were harvested by centrifugation, washed twice with phos-
phate buffer of pH 7 and suspended in the water solution (0,001%) of
a dye. Each sample contained the same number of yeast cells. After
half an hour the cells were centrifuged and the quantity of a dye in the
supernatant was determined spectrophotometrically. The following dyes
have been used: Janus green, methylene violet, acridine orange, neutral
red, trypaflavine, methylene blue, erythrosine and eosine. In the next ex-
periment the yeast cells in the medium without the herbicide, were
incubated for 16 days. Then the yeast cells were centrifuged and suspend-
ed in the suspension of the CIPC technically pure in the doses of 1000,
10 and 0,1 ppm, or in the solution of sodium taurocholate in the doses
of 1000 and 100 ppm. After an hour the yeast cells were centrifuged
and their sorption ability of methylene blue was determined. Simul-
taneously the microscopic observations of the yeast cells coloured with
methylene blue were carried out.

To test the penetration of CIPC into the yeast cells, the yeast have
been incubated in the media containing CIPC technically or analytically
pure in doses 100 and 50 ppm, respecfively. After 1-2 weeks of in-
cubation the cells were centrifuged and washed twice with ethanol
(96%), to remove the CIPC from their surface. Then, the air-dry cells
were weighed and the quantity of CIPC were determined according to
the Lowen’s method [10]. The presence of CIPC in the yeast cells was.
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determined biologically with buckwheat test by the method described
by Sobieszczanski [14] and by thin layer chromatography accord-
ing to the method of Abbot [1].

RESULTS AND DISCUSSION

CIPC technically pure in the dose of 100 ppm inhibited the growth
of yeast, while the CIPC analytically pure in the dose of 50 ppm de-
layed it (Fig. 1). Sodium taurocholate in the dose of 10 ppm showed
only a slight effect on the growth of yeast.
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Fig. 1. The effect of CIPC and sodium ///-" )
taurocholate on the growth of yeast 7
1 — control cells. Cells influenced by: 2 —
CIPC technically pure in the dose of 100 ppm,
3 — CIPC analytically pure in the dose of [25
50 ppm, 4 — sodium taurocholate in the dose
of 10 ppm
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It was observed that the yeast cells in the presence of CIPC, or
detergent in the dose of 100 ppm, did not produce the pink pigment
very characteristic for the control cells (Fig. 2). The yeast cells in the
medium with sodium taurocholate in the dose of 10 ppm produced this
pigment, but after 4 weeks of incubation they lost it, while the loss of
pigment in the control culture was noted after about 6 weeks.

The amount of the nucleic acids, isolated from the yeast cells in-
fluenced by CIPC analytically pure, was about 4 times less than the
control (Fig. 3). The quantitative determinations of RNA and DNA show-
ed that in the cells incubated in the presence of CIPC there were less
RNA and less DNA (Table 1). The microscopic observations confirmed it.

The determination of intracellular lipids of the yeast cells showed,
that the CIPC caused the decrease of the lipids content (Table 2). It was
also found that the cells influenced by CIPC were about 2,5 times lighter
than the control cells (Fig. 4). This could be explained by the change
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%
Object
RNA DNA
Coztxol cells 100 100
Cells influenced by CIPC anmslytically pure 74,4 17,4
Cells influenced by CIPC technically pure 96,0 21,5
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Tabdble 2
The amount of intracellular lipids in the yeast cells

Intracelluler lipids
18/
Object
1 g wet weight

of cells %

Control cells 0,0326 100
Cells influenced by CIPC analytically pure 0,0081 25
Cells influenced by CIPC technically pure C,0143 4

of cellular structure caused by this herbicide. The cells influenced by
CIPC absorbed more of some dyes than the control cells. The methylene
blue was absorbed to the most extent (Fig. 5). The number of living
cells incubated in the presence of CIPC was not smaller than the number
of control cells, so the increase of absorbed dye by the cells influenced
by CIPC could be concidered as a result of this herbicide action. It was
worth noting that all the dyes absorbed by the cells to a greater degree

Fig. 4. The efect of CIPC on dry weight
of yeast cells

1 — control cells. Cells influenced by: 2 —

CIPC technically pure in the dose of 100 ppm,

3 — CIPC analytically pure in the dose of
50 ppm

1 L L | 1 i 1

I 5 6 7 8w
Ory weight of cells (mg)

belonged to the basic dyes. Two acid dyes: eosine and erythrosine were
not absorbed by the cells incubated in the medium with CIPC. This
could be explained by some changes of electrostatic surface charge of
the cells influenced by the herbicide. The quantity of the methylene —
blue absorbed by the cells depended on the age of the cells (Fig. 6).
Maximal methylene blue sorption was after 2 weeks of incubation, but
the cells influenced by CIPC absorbed 20% more of the dye, while the
cells influenced by sodium taurocholate 15% more then control cells. The
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Fig. 6. Sorption of methylene — blue by
yeast cells after different incubation time
explanation as in Fig. 1

yeast cells incubated in the control medium without the herbicide and
treated with CIPC or sodium taurocholate for an hour, showed also the
increase in the methylene blue sorption, but to a smaller degree (Fig. 7).

Generally, the effect of CIPC on the dye sorption by the yeast cells
was similar to the effect of the sodium taurocholate, but the herbicide
was affected stronger than the detergent.

It was found that CIPC penetrated into the yeast cells. After 16 days
of incubation the yeast cells contained 9.5 pg of CIPC technically pure
or 5.0 ug of CIPC analytically pure in 10 mg of dry weight. The presence
of CIPC in the yeast cells was also indicated by thin layer chromato-
graphy and biologically with buckwheat test (Fig. 8).
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Fig. 7. Sorption of methylene blue by

yeast cells treated for an hour with

CIPC technically pure or sodium tauro-
cholate. Cells influenced by

1 — CIPC in the dose of 0,1 ppm, 2 — CIPC

in the dose of 10 ppm, 3 — CIPC in the dose

of 1000 ppm, 4 — sodium taurocholate in the

dose of 1000 ppm, 5 — sodium taurocholate in
the dose of 100 ppm

Fig. 8. Penetration of CIPC into yeast
cells determined by buckwheat test. Cells
treated with

1 — ether extract from control cells, 2 — ether
solution of CIPC technically pure in the dose
of 100 ppm, 3 — ether solution of CIPC analy-
tically pure in the dose of 50 ppm, 4 — ether
extract from the cells influenced by CIPC tech-
nically pure in the dose of 100 ppm, 5 — ether
extract from the cells influenced by CIPC ana-
lytically pure in the dose of 50 ppm, 6 — water
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CONCLUSIONS
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1. The CIPC technically pure, which is being applied in agriculture,
affects stronger the growth of yeast than the CIPC analytically pure.
2. The yeast cells in the presence of the CIPC, both technically and
analytically pure, do not produce the pigment.
3. The CIPC, both technically and analytically pure, causes the

changes in the cellular structure.

4. The action of the herbicide CIPC technically pure on the sorption
of methylene blue by yeast cells is similar to the action of the de-

tergent, however, the herbicide action is stronger.

5. The CIPC penetrates in the cells but CIPC technically pure does

that to a greater degree.
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WPELYW CIPC NA KOMORKI DROZDZY RHODOTORULA GLUTINIS

Instytut Chemii Rolnej, Gleboznawstwa i Mikrobiologii
Akademii Rolniczej we Wroctawiu

Streszczenie

Badano wplyw herbicydu CIPC — preparatu technicznie czystego (50% sub-
stancji aktywnej) i analitycznie czystego, na komoérki drozdzy glebowych Rhodo-
torula glutinis.

Dziatanie herbicydu poréwnywano z dziataniem detergentu taurocholanu sodu.
Stwierdzono, ze CIPC technicznie czysty w iloSci 100 ppm hamowal wzrost drozdzy,
podczas gdy CIPC analitycznie czysty oraz detergent opdzniaty podziat komérek.

Komoérki drozdzy hodowane w obecnc$ci herbicydu lub detergentu w ilosci
100 ppm nie produkowaly rézowego pigmentu, charakterystycznego dla kultury
kontrolnej. Herbicyd powodowal zmiany w budowie komoérki, jak zmniejszenie
sie ilosci kwas6w nukleinowych, zwlaszcza DNA, oraz ilo$ci lipidébw wewnatrz-
komoérkowych. Komoérki drozdzy hodowane w obecnosci herbicydu zar6wno tech-
nicznie, jak i analitycznie czystego byly okolo 2,5 raza lzejsze od komoérek kon-
trolnych. Ponadto stwierdzono, ze CIPC technicznie czysty powodowal znaczne
zwiekszenie ilo$ci sorbowanych przez komorki barwnikéw zasadowych, a zwlaszcza
blekitu metylenowego. Wplyw detergentu na zwiekszenie sie sorbcji blekitu me-
tylenowego byl okolo 10 razy stabszy.
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Stwierdzono, ze herbicyd przenika do komoérki drozdziy, przy czym preparat

technicznie czysty znajdowano w iloSci okolo 2 razy wiekszej od ilo§ci CIPC
analitycznie czystego.

B. KOCMHKEBUY, d. JIOBUYMHBCKA, M. CTAHKEBHY

BJIVAHUE I'EPBUIIMIA HA KJETKU JPOX KEWM RHODOTORULA GLUTINIS

Cenbckoxo3dyicTacliHaa akajgeMusi, Bpounas, IToasma

Pe3zwme

WUzyyany Bruanue repbuumaa CIPC, TeXHUMUYCCKM M aHaJIMTHYECKM YMUCTOrO
Ha KJeTKM OYBEHHBIX apoixxzkert Rhodorula glutinis.

JlericTBue repbuiMaa CPaBHMBAJK C JACTEPreHTOM TaypoxoJiaT HaTtpua. Ycra-
HOBJIeHO, uyTo 100 ppm CIPC TexXHEMYECKM YUCTOIC 3aJCPKMBANMU POCT IPOXKIKEl,
TOrJla KakK aHaxautuyeckyu urctblt CIPC M JACTCPTEeHT 3aMEUNsM JeJieHMe KJIEeTOK.

KneTku IpcxKIKelr MHKyOMpoOBaHHIbie B NPUCYTCTBMY Tepbuuuia uIM AeTepreHTa
¢ xoHuenrpauueyt 100 ppm He OPOM3BOAMIM PO30BOTO MUIMEHTa, O4YeHb XapakTep-
HOTOQ JJIsT STUX MMKPOOPIaHMZMCB.

Tepbuumupa CBI3BIBAJ M3MEHE!ST B CTPYKTYPE KJETOK, B YaCTHOCTM CHUIKAI
KOJIMYECTBO HYKJEMHOBBIX KMCJOT, B IepPByI0 ouepelb DNA, a Takmxe JIUIUIOB.
Bec KieTCK MHKYOMPOBAHHBIX B IIDUMCYTCTRBIM repOuLkfa, KakK TEeXHUMYECKM TakK
¥ aHAJIUTUYECKM YUCTOTO, OBLII Ha OKOJO 2,5 pa3a MCHbIIEe, UeM BeC KOHTPOJBLHBIX
KJIETOK.

YcTaHOBJIEHO Tak¥Xe, uyTO TexHMyecky yuctblyi CIPC noBbIlLiaj KOJUYECTBO
CCHOBBIX Kpacurejeli CcOpb6MpOBaHHBIX KJIETKaAMM JIPOXKIKel, 0CODEHHO MeTHJIIeHEeBOM
CUHE.

JeiicTBMe JeTepPreHTa Ha IOBbILIeHMe copbuMyM MeTUJIeHEeBOi CHUHE) O0Kas3aJjocCh
Ha oxkoJio 10 pa3 ciuabee.

YcTaHOBIIEHO, YTO TrepbMLMi NPOHMKAET B APOIKIKERYIO KJETKY, OAHAKO KOJM-
YyeCTBO TeXHMUYECKM YMCTOTO IIperapaTa B K:eTkax 6bino Ha okoJio 2 pa3a 6oibiue,
4yeM KOJIMYECTBO aHaJIUTHMycCcKy uyrictoro CIPC.






