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ABSTRACT 

The effects of formaldehyde on the growth of two strains of fodder 
yeasts Candida diddensii 74-10 and Candida tropicalis R-70 were investi- 
gated using the method of continuous cultivation under conditions of 
carbon limitation and at dilution rates of 0.1/h and 0.25/h. The results 
indicate that formaldehyde induces a decrease in the yield of biomass, 
but stimulates the synthesis of protein and RNA. The authors studied the 
activities of the following enzymes: NADPH-linked glutamate dehydro- 
genase, NADH-linked glutamate dehydrogenase, alanine dehydroge- 
nase, glutamine synthetase, and glutamate synthase, which are utilized 
in nitrogen metabolism. The data obtained showed an increase in the 
activity of the glutamate dehydrogenase pathway of ammonium assimi- 
lation. It was also established that formaldehyde caused considerable 
changes in the micro-organisms at the higher dilution rate. 

Index Entries: Formaldehyde; Candida tropicalis; Candida diddensii; 
nitrogen metabolism; protein; continuous cultivation. 

INTRODUCTION 

Acid wood hydrolisates or other wastes of plant origin can be used 
in some cases as culture media for the cultivation of fodder yeasts. In 
addition to reducing sugars, acid wood hydrolisates also contain 
formaldehyde, furfurol, organic acids, and other substances that cannot 
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be completely separated. Thus, it is interesting to study their effects on the 
growth and protein synthesis of fodder yeasts. On the other hand, 
formaldehyde is a common product of the chemical industry that is often 
dispersed in ecosystems and because of its toxic and mutagenic properties, 
it represents a certain ecological hazard (1). Therefore, formaldehyde degra- 
dation by bacteria and yeasts has been a subject of many recent studies (2). 

Formaldehyde can be assimilated by methylotrophic micro-organisms 
via the serine pathway by the ribulose monophosphate cycle or by the trio- 
kinase pathway as a sole source of energy. 

It is known that when the formaldehyde content in the cell is 
increased it cannot be metabolized efficiently by inclusion in the ribulose 
monophosphate pathway, so it acts as an inhibitor. Formaldehyde is also 
an inhibiting agent when the activity of formaldehyde dehydrogenase is 
low and limits the consumption of formaldehyde as a substrate. This same 
behavior was found in nonmethylotrophic yeasts that did not use 
formaldehyde as a carbon source. 

The object of the investigation were yeasts, which are very suitable mod- 
els for investigation of the influence of formaldehyde on eucaryotic cells. 

The aim of this study was to explain some aspects of the influence of 
formaldehyde on yeast growth, protein content, and the activity of some 
enzymes of nitrogen metabolism. 

MATERIALS AND METHODS 

Microorganisms and Cultivation 

Two strains of fodder yeasts were used in our investigations, Candida 
tropicalis, R-70, with a fermentative type of metabolism (registered in 
National Bank for Industrial microorganisms and cell cultures, Sofia, 
Bulgaria, No NBIMCC 2083) and Candida diddensii, 74-10, with an oxidizing 
type of metabolism (registered in National Bank for Industrial microor- 
ganisms and cell cultures, Sofia, Bulgaria, No NBIMCC 2340). 

In order to study the influence of formaldehyde on the different stages 
of yeasts' growth, the method of continuous cultivation was used. This 
method gives the opportunity to study the physiological responses of the 
micro-organisms to changes in the conditions of cultivation (i.e., addition of 
inhibitor) without changes in other parameters. The cultivation was 
achieved in chemostat with carbon limitation and at two dilution rates--of 
0.1 h -1 and of 0.25 h q. The experiments were carried out in a fermentor 
(Ancum 2, Russian Academy of Sciences) with a working volume of 1.5 dm 3 
at 38~ pH 4.0, aeration I dmB/min.dm 3 and agitation speed of 800 rpm. 

Nutrient Medium 

The control growth medium contained (g/dm 3) glucose-13, 
(NH4)2SO4-3.0, MgSO4 �9 7H20-0.7, NaC1-0.5, CaCI2-0.1, KH2PO4-1.0, 
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K2HPO4-0.1, biotine-0.04 mg /dm 3 and microelements (mg/dmg)-MnSO4 �9 
7 H 2 0 - 0 . 4 ,  C u S O  4 �9 5H20-0.4, ZnSO 4 �9 7H20-0.04, FeSO4-0.2. For experi- 
ments 0.02% or 0.04% formaldehyde was introduced in the fermentor 
nutrient media. 

Analytical Methods 
After establishing a steady state, the yeasts were analyzed for the 

content of protein by Kjeldhal's method and the content of RNA by the 
method of Smith and Thannhauser (3) and Schneider (4). The yield of bio- 
mass and the yield of protein were calculated from 100 g glucose. The 
protein synthesizing ability was calculated using the equation: A = pro- 
tein content(%)/RNA(%) �9 D(h-1). The rate of substrate assimilation was 
estimated using the equation: Q = D (So - S1)/X, where: So and $1 are the 
glucose content (g /dm 3) at the entrance and at the exit of the fermenter, 
respectively, X is the amount of cells (g /dm 3) and D is the dilution rate 
(h-l). In order to investigate the impact of formaldehyde on the assimila- 
tion of nitrogen by yeasts, the amounts of the following enzymes were 
estimated: NADPH-dependent  glutamate dehydrogenase EC 1.4.1.4 
(NADPH-GDH), NADH-dependent glutamate dehydrogenase EC 1.4.1.2 
(NADH-GDH), glutamate synthase EC 1.4.7.1 (GOGAT) and glutamine 
synthetase EC 6.3.1.2 (GS) using the method of Ferguson and Sims (5), 
and alanine dehydrogenase EC 1.4.1.1 (ADH) by the method of Burk and 
Pateman (6). 

With the purpose of estimating these activities the cells were dis- 
rupted by a single passage in a mechanical disintegrator for 15 rain. The 
obtained material was centrifuged at 14,000g for 30 min. The protein in the 
crude extract was determined by the method of Lowry (7). 

RESULTS AND DISCUSSION 

When investigating the influence of a given inhibitor of growth, it is 
of great importance to choose the correct concentration, i.e., a concentra- 
tion allowing the attainment of steady state. It was shown by Pilat and 
Prokop (8) that 0.01% formaldehyde is the minimum concentration limit 
above which formaldehyde acts as an inhibitor of yeasts' growth and 
0.08% is the limit above which it acts in a bactericidal manner. Some of the 
preparatory investigations were carried out employing concentrations of 
formaldehyde from 0.005 to 0.08%. At 0.005%, significant changes in the 
growth were not observed, whereas at 0.08% it was impossible to reach a 
steady state. The concentrations used in the present work (0.02 and 0.04%) 
caused a decrease in the yield of biomass and increase of residual glucose 
in the culture media. This results allow us to consider the obtained cultures 
as inhibited ones. 

When Candida diddensii 74-10 were cultivated in medium with 0.04% 
formaldehyde at D = 0.1 h -1 the quantity of biomass decreased about 20% 
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Table 1 
Effect of Formaldehyde on the Growth and Protein Content of C. diddensii 74-10 

1. Biomass, 8/dm3 
2. Yield of biomass, % 
3. Rate ofsubstrate 

assimilation, h ~ 
'4. Protein, % 
5. Yield of protein, % 
6. RNA, % 
7. Protein - synthesizing 

ability, h -1 

D = 0.1 h -1 D = 0.25 h -1 
Control Formaldehyde Control [ Formaldehyde 

0.02 % 0.04 % 0.02 % 0.04 % 
8.14 6.85 6.50 7.84 7.12 3.95 
61.0 58.0 56.0 63.5 63.0 56.0 
1.3 1.5 1.8 3.8 3.9 4.2 

34.4 47.6 31.6 33.7 36.2 34.2 
23.6 28.6 15.1 21.9 21.9 15.0 
3.70 4.80 1.98 3.34 6.29 1.97 
1.14 0.99 1.59 1.02 1.43 1.73 

and the yield of biomass decreased by 10% (Table 1). The amount  of resid- 
ual glucose in the culture med ium increased to 1.5 g / d i n  3. This is an indi- 
cation that the yeast population is inhibited under  these conditions, since 
the content and yield of biomass from 100 g of added glucose decreased. 
The decrease was a result of the impact of formaldehyde  and was not  
because of the lack of substrate. These observations allow the conclusion 
that the cells were  in a state of unspecific stress. Under  these conditions, 
there was an increased substrate loss, which is necessary for the preserva- 
tion of the cell's vital functions, and the rate of substrate assimilation 
increased by 11.3%. There are many  investigations that prove that the 
energy spent on the reduction of some preservatives or inhibitors is not 
available for growth (9,10), consequently tension emerges in the adapta- 
tional and reserve mechanisms of cells under  conditions of stress. 

Along wi th  these c o m m o n  symptoms of the impact  of unspecific 
inhibitors, each of them can cause specific changes. In the investigations at 
0.02% formaldehyde ,  together  wi th  the common  symptoms related to 
unspecific inhibitors an increase of RNA and protein content in the cell 
(i.e., activation of protein synthesis), was also observed. This is probably a 
specific change, caused by formaldehyde.  The protein-synthesizing ability 
of C. diddensii 74-10 also increased. For this reason, it is supposed that the 
increased protein content is caused by the larger number  of ribosomes and 
their higher activity. In previous studies on the influence of formaldehyde 
on the ultrastructure of the same strains, that a piling up of ribosomes in 
the cell was shown (11). These conclusions may be linked to the s tudy of 
Pilat and Prokop (8) where  0.005% formaldehyde caused some stimulation 
of C. boidinii 11Bh growth.  The higher  concentrat ion of fo rmaldehyde  
(0.04%) caused a decrease of the protein and RNA content. 

For the cultivation of Candida tropicalis R-70 in the presence of 
formaldehyde,  increases in the protein and RNA content were observed 
even at the higher concentration of formaldehyde (0.04%) (Table 2). This is 
probably because of the better ability of the strain Candida tropicalis R-70, 
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Table 2 
Effect of Formaldehyde on the Growth and Protein Content of C. tropicalis R-70 

. 

2. 
3. 

, 

5. 
6. 
7. 

Biomass, ~/dm ~ 
Yield of biomass,. % 
Rate of substrate 
assimilation, h -1 
Protein, % 
Yield of protein, % 
RNA, % 
Protein - synthesizing 
ability, h -1 

D = 0.1h -'r 
Control Formaldehyde 

7.95 
61.6 
0.16 

36.0 
23.0 
3.2 
1.0 

0.02% 0.04% 
7.5 6.50 
61.0 56.6 
0.18 0.19 

38.0 41.0 
22.0 20.0 
3.3 4.0 
1.0 0.85 

D = 0.25 h=r 
[ Control Formaldehyde 

0.02% 0.04 % 
7.14 4.40 3.40 
57.0 41.0 38.0 
0.44 0.57 0.66 

26.0 30.0 37.9 
14.3 14.0 15.0 
2.8 6.3 7.6 
2.13 1.05 1.0 

having a fermentative type of metabolism, to adapt to the inhibitor's action. 
Comparing the results for the influence of formaldehyde at the two 

different dilution rates it was established that the changes in the investi- 
gated parameters are more considerable at the higher dilution rate 0.25 h -1. 
Consequently, in both strains, different changes were observed depending 
on the dilution rates at the same formaldehyde concentration. Both strains' 
cells were more stable at the lower dilution rate. A similar conclusion was 
reached by Chanet et al. (12), who showed that S. cerevisae cells are more 
stable in a stationary phase. Similar results were observed when treating 
cells with heat and alkylizing agents (13). However,  formaldehyde's  influ- 
ence has yet another explanation: according to some studies, formalde- 
hyde  interacts with free amino-groups,  result ing in the formation of 
amino-methylol compounds,  which afterwards can react with nucleotides 
(14). Thus, the different effects of formaldehyde can be regarded as a result 
of the different pull of free amino acids in the cells. As the amino acid pull 
is larger in the exponential phase compared with the stationary phase, the 
changes are more considerable at the higher dilution rate, respectively at 
higher growth rate. 

The results ment ioned  so far clearly demonstra te  formaldehyde 's  
ability to shift cells away from their normal physiological state. In order to 
retain their vital functions a series of unspecific compensatory and adapta- 
tional changes occur within the cells, one of which is probably the activa- 
tion of protein synthesis. This is why  the focus was on the investigation of 
formaldehyde 's  influence on the activity of some enzymes of nitrogen 
metabolism. 

For C. diddensii 74-10 the changes observed were typical for growth 
under conditions of carbon limitation when protein synthesis is activated 
(Table 3). At D = 0.1 h -1 and 0.04% formaldehyde, NADPH-GDH increased 
1.8 times, whereas at D = 0.25 h -1 it increased 5.9 times. Under these condi- 
tions, the activity of ADH at both rates decreased five times. Hence, the glu- 
tamate dehydrogenase pathway of nitrogen assimilation is activated while 
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Enzymes 
n mole.m~-lmin -1 

1. N A D P H  - GDH 

2. NADH - GDH 
3. GS 
4. GOGAT 
5. ADH 

NADPH-GDH-NADPH-linked 

Table 3 
Effect of Formaldehyde on the Enzyme Activities of C. diddensii 74-10 

D = 0.1 h -1 D = 0.25 h -1 
Control Formaldehyde Control Formaldehyde 

0.02 % 0.04% 0.02% 0.04% 
421.00 765.00 765.00 497.00 642.00 2361.0 

87.90 28.00 28.20 35.50 44.80 35.0 
0.41 0.84 0.37 0.10 0.50 0.30 
33.10 47.70 103.10 38.80 71.30 325.00 
35.40 9.17 6.17 19.70 16.50 4.90 

Glutamate dehydrogenase, NADH-GDH- 
NADH-linked Glutamate Dehydrogenase, GS-Glutamine Synthetase, GOGAT- 
Glutamate Synthase, ADH-Alanine Dehydrogenase. 

the alanine dehydrogenase activity is decreased. Although the activity of 
GS increased, it is less probable that the GS/GOGAT system was activated. 
The very low activities of GS in conditions of nitrogen excess (as was the 
case with the experimental setting at carbon limitation) may explain this. 

For C. tropicalis R-70, an activation of the glutamate dehydrogenase 
pathway of nitrogen assimilation was observed also (Table 4). The activity 
of NADPH-GDH at D = 0.25 h -1 increased nine times. In both strains, 
regardless of the different type of metabolism, a considerable increase in the 
activity of NADPH-GDH was observed when the culture was exposed to 
the influence of formaldehyde. At D = 0.1 h -I, glutamate synthase activity 
was not observed, even at the lower formaldehyde concentration, whereas 
at D = 0.25 h -1 the activity of GOGAT decreased. These facts show that the 
GS/GOGAT system was not activated in this case either. Povereny et al. 
(14) report similar results and mention the ability of methanol-assimilating 
micro-organisms to assimilate ammonia via the glutamate dehydrogenase 
pathway and not via the glutamine syntethase and glutamate synthase 
pathways. It is supposed that formaldehyde causes activation of the gluta- 
mate dehydrogenase pathways of ammonia assimilation in nonmethanol- 
utilizing yeasts. 

The changes observed in the activities of the enzymes, except for the 
NADH-GDH, are similar to the changes occurring in the cells when  the 
growth rate is increased, for example, at a higher dilution rate or under  
better nutritional conditions NADH-GDH activities increased in response 
to the addition of formaldehyde to C. tropicalis R-70 i.e., catabolic processes 
are activated (15,16). This effect is not clearly seen with C. diddensii 74-10, 
an increase of NADH-GDH activity only at D = 0.25 h -1 and 0.02% formal- 
dehyde was noticed. 

Formaldehyde 's  impact on both strains causes similar changes in 
the activities of the investigated enzymes; the exception being GOGAT. In 
the strain having the fermentative type of metabolism-C, tropicalis R-70, the 
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Table 4 
Effect of Formaldehyde on the Enzyme Activities of C. tropicalis R-70 

D = 0.1 h -1 ] D = 0.25 h -1 
Enzymes Control Formaldehyde [ Control Formaldehyde 

mole.m~;-lmin -1 0.02 % 0.04 % 0.02 % 0.04 % n 

1. NADPH- GDH 45.20 309.20 284.40 334.00 2856.0 917.00 
2. NADH- GDH 17.90 16 .50  51.30 14.00 18,00 40.0 
3. GS 0.09 1.22 0.25 0.48 0.57 4.00 
4. GOGAT 20.10 n.d.* n.d.* 69.00 30.00 25.00 
5. ADH 9.34 6.50 4.90 7.50 2.70 3.00 

n.d.*--not detected 
NADPH-GDH-NADPH-linked Glutamate dehydrogenase, NADH-GDH-NADH- 

linked Glutamate Dehydrogenase, GS-Glutamine Synthetase, GOGAT-Glutamate 
Synthase, ADH-Alanine Dehydrogenase. 

37 

activity of G O G A T  is not  p resen t  or s h o w s  a t endency  to decrease,  whi le  in 
the strain hav ing  an oxidizing type  of metabolism-C,  diddensii 74-10, the 

activity of G O G A T  increases. 
To summar ize ,  the p resen ted  results  indicate  that  f o r m a l d e h y d e  at 

the u sed  concentra t ions  (0.02% and 0.04%) causes  a decrease  of the bio- 
mass  yield,  changes  of pro te in  content  in C. diddensii 74-10 and  C. tropicalis 
R-70 and  activates catabolic processes  as wel l  as the g lu tamate  dehydroge -  
nase p a t h w a y  of a m m o n i a  assimilation. 
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