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All,TRACT. The ability of the yeast Candida lipolytica 4-1 to oxidize and utilize various pure aliphatic 
hydrocarbons occurring in gas oil was studied. I t  was found that the given strain of Candida lipolytica 
oxidized n-alkanes without adaptation, starting with heptano, and utilized them for growth, starting with 
nonane. Isoalkanes with a single methyl group in the side chain were also oxidized and utilized for growth, 
but less than the corresponding n-alkanes. The site of the methyl group in the isoalkane chain influences 
it8 oonversion to biomass. Branched cbaln~ at both ends of the isoalkane molecule prevent its utilization 
for growth of Oandida lipolytica. 1-olefines are also oxidized and utilized for growth, though less than the 
corresponding n-paraffins. Alks~laromatic hydrocarbons are oxidized from amylbenzene up to deeylbonzene, 
which is utilized only slightly for growth of the yeast. 

Gas  oil con t a in ing  1 0 - - 2 0 %  n-a lkanes ,  
o r  para f f ins  i so la ted  f r o m  gas  oil, are 
a su i t ab le  c a r b o n  source  for  the  culti-  
v a t i o n  of  y e a s t s  o f  the  genus  Candida 
( C h a m p a g n a t  et al., 1963a, b). I n  culti-  
v a t i o n  of  t h e  y e a s t  Candida lipolytica 
on gas  oil m e d i u m ,  we found  (Dosts et 
aZ., 1968a) t h a t  the  first  deg raded  were  
n - a l k a n e s  w i th  a molecule  con ta in ing  
a smal l  n u m b e r  o f  c a r b o n  a t o m s  (C10 to  
C17), while  those  wi th  a large n u m b e r  
(C18--C25) were  ut i l ized in the  l a te r  
phase  of  f e r m e n t a t i o n .  Dur i ng  the  de- 
g r a d a t i o n  of  h igher  n -a lkanes  the  f reez ing  
p o i n t  o f  gas  oil dec reased  r ap i d l y  w i t h o u t  
a co r r e spond ing  b iom as s  increase.  

T h e  a i m  of  th is  s t u d y  was  to  ve r i fy  
w h e t h e r  the  d a t a  o b t a i n e d  in a h igh ly  
c o m p l e x  s u b s t r a t e  also app l i ed  to  the  
use o f  ind iv idua l  p u r e  n -a lkanes .  I n  ad-  
d i t ion ,  we i n v e s t i g a t e d  the  r e l a t ionsh ip  
b e t w e e n  the  ox id iza t ion  a n d  u t i l i za t ion  
o f  o the r  t y p e s  of  h y d r o c a r b o n s  b y  Can- 

dida lipolytica. We p a i d  special  a t t e n t i o n  
to  h y d r o c a r b o n s  p r e sen t  in gas  oil in 
s ignif icant  quant i t i es ,  e.g. a l k y l a r o m a t i c  
h y d r o c a r b o n s ,  s l ight ly  b r a n c h e d  i sopara f -  
fins a n d  1-olefines, as a n y  ox ida t i on  of  
these  subs t ances ,  w i t h o u t  u t i l iza t ion,  
could lead  to  serious de t e r io r a t i on  o f  t he  
qua l i t y  o f  b iological ly  depara f f in ized  
gas  oil. 

MATERIALS AND METHODS 

Microorganism. W e  worked  wi th  the  
s t r a in  Candida lipolytica 4-1 used  in pre-  
v ious  s tudies  (Dosts et al., 1968a, b). 
Th is  s t r a in  was  i so la ted  in the  oil-fields 
of  Sou the rn  M o r a v i a  a n d  was  a d a p t e d  
b y  con t inuous  cu l t i va t ion  unt i l  i t  was  
r e s i s t an t  to  a h igh  su lphu r  c o m p o u n d  
concen t r a t i on  ( 1 . 5 - - 2 %  su lphur)  in gas  
oil a n d  g rew on c o m p l e t e l y  inorgan ic  
m e d i u m  con ta in ing  h y d r o c a r b o n s ,  wi th-  
ou t  the  add i t ion  o f  organic  n i t rogen  
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compounds. The strain Candida lipolytica 
4-1 is maintained by regular passage on 
wort agar slants. 

Nutrient media. For studying the rate 
of oxidation of individual pure hydro- 
carbons we prepared a Candida lipolytica 
4-1 culture by cultivation on inorganic 
medium containing glucose: glucose -- 
25 g; KH2P04 -- 7 g; MgS04 -- 0.2 g; 
NaC1 -- 0.1 g; NH4CI -- 4.5 g; tap 
water -- up to 1,000 ml; pH -- 5. 

The medium was poured in amounts 
of 50 ml into 500-ml culture flasks and 
was sterilized in an autoclave at  0.8 kp/ 
/cm 2 for 20 minutes. 

The composition of the growth medium 
for studying utilization of the various 
hydrocarbons was the same as above, 
except tha t  glucose was replaced by the 
relevant hydrocarbon, which was added 
to the flasks under non-sterile conditions 
in amounts of 0.5 ml/50 ml nutr ient  
medium. 

I f  hydrocarbons are solid at  normal 
temperature, we first dissolved them in 
squalane, which is known not to be 
oxidized by Oandida lipolytica. The con- 
centration of the test  hydrocarbon in 
the nutr ient  medium was 1 ~/o- 

Cultivation methods 

Preparation of Candida lipolytica 4-1 
suspension for measuring the rate of 
hydrocarbon oxidation 

Culture flasks containing nutr ient  me- 
dium were inoculated with a culture 
from a wort agar slant and were culti- 
vated on a reciprocating shaker apparatus 
at  30 ~ C. After 24 hours the yeast  cells 
were centrifugated washed with 2/15 
phosphate buffer at  pH 6 and resus- 
pended in glucose-free mineral medium. 
The suspension was again shaken at 
30~ to ensure complete dispersion of 
the residual carbon substrate. After 2--3 
hours the yeast  cells were again centri- 
tug ed, washed twice with phosphate 
buffer and resuspended in the same 
buffer to give a concentration of 2 --3 mg 

eells/ml suspension. This limited endo- 
genous respiration of the culture, while 
preserving its oxidative act ivi ty for 
hydrocarbons. 

Preparation of Candida lipolytica 4-1 
suspension for measuring the rate of 
synthesis of biomass 

Inoeulum was prepared similarly to 
the yeast  cell suspension for measuring 
the rate of hydrocarbon oxidation. Young 
(24-hour) cells grown on glucose medium 
were washed with buffer, starved, washed 
again and suspended in buffer to form 
a dense suspension containing 3--4  mg 
yeast cell dry weight/ml. The whole 
process was performed under sterile con- 
ditions. Flasks with medium containing 
the individual test hydrocarbons were 
inoculated with 1--2 ml inoculum and 
cultivated on a reciprocating shaker ap- 
paratus at  30 ~ C. Evaporat ion of some 
low-boiling hydrocarbons was prevented 
by incubating at  slight atmospheric 
overpressure. Each culture flask was 
sealed with a rubber stopper pierced by 
a glass tube connected by rubber 
tubing, and cotton wool filter, with 
a 20-liter glass bottle sealed by a rubber 
stopper with two perforations. The sec- 
ond inlet was connected with the outflow 
of another bottle higher than  the first 
one and filled with water. Any decrease 
in overpressure in the culture flasks was 
automatical ly compensated by an inflow 
of water from the higher bottle into the 
empty  bottle connected with the culture 
flask. Samples were collected at given 
intervals to determine dry  weight, re- 
sidual nitrogen and the pi t .  

Analytical methods 

D~terminat ion of rate of hydrocarbon 
oxidation 

The rate of oxidation of hydrocarbons 
by a resting Candida lipolytica 4-1 culture 
was measured manometrieMly in a War- 
burg apparatus at  30 ~ C. We used War- 
burg vessels with one side arm and 
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a central funnel and filled them as fol- 
lows: into the side arm we pipet ted 
substrate (hydrocarbon), either concen- 

t r a t e d  (0.2 ml) or as a stable hydrocarbon 
emulsion in phosphate buffer (1 ml) 
prepared by  sonication (solid hydro- 
carbons were predissolved in squalane). 
Into the central space we pipetted 1 ml 
of a resting yeast  cell suspension (dry 
weight 2- -3  mg) and 1.8 (or 0.8) ml 
1/15 ~ phosphate buffer at  pH 6. Into 
the central funnel we pipetted 0.2 ml 
20% KOl4 and inserted a small piece of 
folded filter paper to ensure quicker ab- 
sorption of the C02 formed. Oxygen 
consumption was read at 10-minute 
intervals for 1 --2 hours. Absolute oxygen 
consumption on the individual hydro- 
carbons was expressed as Q02 of the 
culture. 

The dry weight of the resting yeast  
cell suspension was determined from the 
difference between the dry weight of 
a 1 ml yeast  cell suspension in buffer 
and of 1 ml pure buffer, after drying in 
glass cuvettes at  105~ to constant  
weight. 

Determination of increase in amount  of 
biomass 

The biomass dry weight was de- 
termined gravimetrically by  filtering 
a measured amount  of culture medium 
containing yeast  cells through porous 
G4 flit; the sediment on the frit was 
washed with acetone and petroleum ether 
so as to clear the cells of any remains 
of the fermentation medium still adhering 
to them and was then dried at 105 ~ C to 
constant  weight. 

Ammoniacal nitrogen was determined 
in the fermentation medium by  t i tration 
after distilling from a Markham appar- 
atus (Markham, 1942), using an indicator 
according to Ma and Zuazaga (1942). 

The increase in the yeast  cell biomass 
was calculated indirectly, from the de- 
crease in the amount  of ammoniaeal 
nitrogen in the fermentation medium 
during cultivation. The amount  of nitro- 

gen, multiplied by  the factor 6.25, gives 
the amount  of protein in the yeast  cells. 
Since Candida lipolytica dry biomass 
contains about  50~ protein, the amount  
of nitrogen consumed during fermen- 
tation, multiplied by  the factor 12.5, 
corresponds to the amount  of biomass 
formed in a given volume of fermen- 
tat ion liquid. 

Changes in the p H  during cultivation 
of the yeast  cells in growth medium were 
controlled by  measuring in an electron 
tube  pH-meter ,  using a glass and a calo- 
mel electrode. 

Preparat ion of pure hydrocarbons 

Because of the large number  of hydro- 
carbon standards prepared we give only 
the general outlines of the various meth- 
ods of synthesis, wi thout  describing the 
individual techniques in detail. A survey 
of the preparation techniques, together 
with the puri ty characteristics of the 
products, is given in Table 1. 

In most cases the initial raw materials 
were available alcohols, which were 
treated either directly or after conversion 
to the corresponding bromides by  the 
following basic methods: 

(1) by  direct hydrogenation of alcohols 
on sulphide catalysts (Landa & Mosteck~, 
1955; Landa et al., 1957a; Landa & Weis- 
ser, 1957b; Landa et al., 1959; Landa 
& Weisser, 1956); 

(2) by  hydrogenation of olefines ob- 
tained by  dehydrat ion of alcohols (Brooks 
et al., 1954; Edgar  et al., 1929) prepared 
by  Grignard's reaction (Bls 1961; 
Gr~gnard, 1926) on Raney ' s  nickel; 

(3) by  hydrogenat ion of olefines pre- 
pared by  Grignard's reaction from the 
relevant alkylmagnesium bromide and 
allyl bromide on Raney ' s  nickel (Asinger, 
1942; Suida & Drahowzal, 1942; Kazan- 
sky et al., 1947); 

(4) by  the Wurtz  and Wurtz-Fit t ig  
reaction (Fahim & Mustafa, 1949; Fail- 
lebin, 1924, Lavina & Shusherina, 1955; 
Wooster, 1932). 

For  synthesis of some hydrocarbons 
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we chose other techniques, or obtained 
them by  chemical purification of crude 
hydrocarbons available on the home 
market. 

The prepared hydrocarbons were sub- 
jected to final purification by  recti- 
fication in a column 150 cm long and 
1.5 cm in diameter fitted with a heating 
jacket  and filled with stainless spirals 
with a triangular profile, of  the Helipac 
type,  which displayed 40 TP  effective- 
ness. All hydrocarbons whose boiling 
point  was lower than 320 ~ C were rectified 
m this column at  normal pressure. 
Hydrocarbons  with a higher boiling point 
were rectified in vacuo in a Vigreux 
column of the same dimensions. The 
rectification products were finally t reated 
by  percolation through a J P  3 act ivated 
silica gel column. 

The pur i ty  of the completed hydro- 
carbon standards was controlled by 
comparing boiling point -- and for 
high-boiling hydrocarbons freezing point 
and the refractive index -- with the 
tabular  values (Obolentsev, 1953). The 
quant i ta t ive criterion of pur i ty  was gas 
chromatographic analysis done in a type  
])-ACI Research Chromatograph (Messrs. 
Carlo Erba), using an insulating detector 
and a capillary column with an internal 
diameter  of 0.2 mm, moistened with 
Apiezon L. The nitrogen (carrier gas) 
flow was maintained at  0.2 ml/min, with 
a division ratio of 1 : 400; the hydrogen 
and air (auxiliary gas) inflow was main- 
ta ined at 20 and 325 ml/min respectively. 
The temperature  of  the detector  was 
150~ and the temperature  of the 
column was modified according to the 
boiling point of the given hydrocarbon. 
Under  these conditions the H E T P  of the 
capillary column was 0.32 mm and the 
separat ion factor 170, determined for 
heptane at 60 ~ C. 

The pur i ty  of alkylaromatic hydro- 
carbons was further controlled chromato- 
graphically in a column 2 m long and 
with an internal diameter of 2 mm, filled 
with Chromosorb W (60--80 mesh) 

moistened with Carbowax 20 M. The 
aim was to confirm tha t  these hydro- 
carbons were not  contaminated by  al- 
kanes formed as side-products during 
the Wurtz-Fit t ig  reaction, whose boiling 
point, in some cases, is very similar to 
tha t  of alkylaromatic hydrocarbons.  

The results obtained with pure syn- 
thetically prepared n-alkanes were veri- 
fied by  isolating individual n-alkanes of 
equivalent pur i ty  directly from gas oil. 
The group o f  alkanes was isolated with 
urea in the usual way  from R-315 gas 
oil supplied by  Messrs. Slovnaft  (distil- 
lation range 210--350 ~ C, n-alkane con- 
tent  18.6~/o w/w). The released n-alkanes 
were fractionated by  distillation in the 
40 ~ C range and individual pure n-alkanes 
were isolated from the fractions by  
preparative chromatography.  Chromato- 
graphic separation was done in a model 
P Frak tovap  preparative chromatograph 
(Messrs. Carlo Ebra) in columns 2 m 
long and with an internal diameter of 
10 mm, filled with Chromosorb W 
(30--60 mesh) moistened with 10~/o 
Apiezon L (for Cg--Cls hydrocarbons) or 
with 10~/o methylsilicone polymer SE-30 
(for C14--C16 hydrocarbons).  Two fold 
preparation yielded C9--C16 n-alkanes of 
the following purity:  

nonane 99.2% 
decane 99.1 ~ 
undecane 99.2 ~/o 
dodecane 99.3% 
tridecane 98.3 ~/o 
tetradecane 99.5 ~ 
pentadecane 99.4% 
hexadecane 98.70/o 

The impurities accompanying these 
standards were mildly branched iso- 
alkanes transferred during urea isolation; 
they had similar boiling points and could 
not  be separated in the slightly active 
preparat ive columns. 

RESULTS AND DISCUSSION 

Oxidation of  hydrocarbons by  the yeast  
Candida lipolytica 4-1 
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Fig. 1. Oxidation of pure n-alkanes by Candida 
lipolytica 4-1. y: Q% values expressed in percentage 
form after deducting endogenous respiration values; 
oxidation of nonane = 100~'o. x: Individual hydro- 
carbons, denoted by number of carbons in molecule. 

Oxidation of the various n-alkanes by 
Candida lipolytica 4-1 is illustrated in 
Fig. l, which shows tha t  pentane and 
hexane were not oxidized. The first signs 
of oxidation appeared in heptane. Nonane 

and decane were oxidized the most 
rapidly. With higher n-alkanes, the  rate 
of oxidation fell as their molecular weight 
rose. 

No differences were found in the rate 
of oxidation of synthetical ly prepared 
and natural  n-alkanes isolated from gas 
oil, with the exception of undecane and 
trideeane. If  prepared synthetically,  these 
n-alkanes were oxidized much more 
rapidly than  the same paraffins isolated 
from natural  material, al though their  
degree of puri ty  was 99.9% . On removing 
the traces of the initial alcohols used for 
synthesis by further repurification, the 
oxidation values of both types of n- 
-alkanes were the same. 

Alkanes with a short side chain con- 
sisting of a methyl  group were also 
oxidized, but at  a significantly lower 
rate than  the corresponding n-alkanes. 
The number of methyl  groups influenced 
the oxidation rate; Qo2 of alkanes with 
a single methyl  group in the side chain 
was about  10 ~ 02 mg dry weight/ 
/60 rain, while Qo2 of alkanes with 
a methyl  group at both ends was only 
half this value. 

Table 2. Rate of oxidation of pure hydrocarbons by Candida lipolytica 4-1. Activity (Q%), after deducting 
endogenous respiration, is expressed in ml 02 consumption]hour]rag yeast cell dry weight 

Hydrocarbon Qo~ Hydrooaxbon 

Pontane 0 
]-[exane 0.5 
Heptanu 5.3 
Octane 32 
Nonane 101 
Decane 94.4 
Undecane 76.8 
Dodecane 67 
Tridecane 49.3 
Tetradeeane 46 
Pentadecane 48.2 
Hexadocane 46 
Heptadecanc 43.8 
Octadecane 41.6 
Nonadecane 30.6 
Eicosane 30.6 
Heptene- I 3 
Octene - 1 0 

Q0~ 

Decene- 1 43 
Undecene- 1 76 
Trideeene- 1 132 
Tetradecene - 1 29.7 
I-Iexadecene- 1 32.6 
Ostadecene-1 23.7 
Nonadecene- 1 25.2 
2-methyldodecane 10 
3-methyltridecane 8.8 
2-methyttetradecane 92 
8-mothylpentadecane 10.3 
2,11-dimethyldodecane 4.3 
2,13-dimethyltetradecane 6.5 
Amylbenzene 7.3 
Hexylbenzene 23.2 
Heptylbenzene 18.8 
Octylbenzene 28.4 
Decylbonzene 25.8 



The ability of Candida lipolytica 4-1 
to oxidize hydrocarbons of the alkyl- 
aromatic series is very interesting. We 
tested the homologous series from ethyl- 
benzene to decylbenzene. The first signs 
of oxidation appeared in amylbenzene. 
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Fig. 2. Growth  of  Candida lipolytica 4-1 on pure  
n-alkanes, y: Biomass  af ter  70 hours '  cult ivation,  
expressed in percentage form; g rowth  on hexa- 
decane = 100%. x: Individual  hydrocarbons ,  de- 
noted  by  n u m b e r  of  carbons  in molecule. 

Alkylaromatic hydrocarbons with a side 
chain of less than five carbons in their 
molecule were toxic for the yeast  cells, 
as seen from the decrease in endogenous 
respiration of a resting yeast  cell sus- 
pension compared with the control. The 
benzene nucleus evidently has a positive 
effect on the oxidation of hydrocarbons 
with 5--7 carbons in the side chain. 
Pentane was not oxidized, while measur- 
able oxygen consumption by Candida 
lipolytica cells was found in the presence 
of amylbenzene. Similarly, benzyl- and 
heptylbenezene were oxidized more rap- 
idly than the corresponding n-alkanes. 
This effect was not manifested in alkyl- 
aromatic hydrocarbons with a longer 
side chain. 

1-olefines were oxidized by Candida 
lipolytica more slowly than the cor- 
responding n-alkanes, the only exception 

being tridecene, which was oxidized 2.5 
times more rapidly than tridecane. Mid- 
dle and high molecular weight 1-olefines 
were oxidized, analogical to n-alkanes. 
The first 1-olefine to be oxidized was 
1-decene. 

Table 2 shows the rate of oxidation 
of the individual hydrocarbons by Can- 
dida lipolytica, expressed as Qo~. 

Growth of Candida lipolytica 4-1 on 
hydrocarbons 

Fig. 2 illustrates the growth of Candida 
lipolytica 4-1 on the various n-alkanes. 
The first n-alkane to be utilized was 
nonane, 45% of which -- in relation to 
hexadecane -- was converted to biomass. 
Biomass synthesis increased with the 
molecular weight of the n-alkanes up to 
hexadecane, over 85% of which was 
converted to biomass. Higher hydro- 
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Fig. 3. Growth  of  Candida lipolytica 4-1 on iso- 
alkanes,  y: Biomass af ter  70 hours '  cult ivation,  
expressed in percentage form, b iomass  on hexa-  
dccane ~ 100%. x: Individual  isoalkancs and  
n-alkanes,  denoted by  n u m b e r  of  carbons  in mol- 
ecule. 2-Cz2 - -  2-methyldodecano;  3-C1s - -  3-mothyl- 
tridecane; 2-C14 - -  2-methyl te t radecane;  8-C15 
8-methylpentadceanc;  2,11-C12 - -  2,11-dimethyl.  
dodecane; 2,13-C14 - -  2,13-dimcthyltotradecane;  
CIs - -  n-tr idecane; C 1 4  - -  n-tet radecane;  Cz5 - -  
n-pentadecane;  Cze - -  n-hexadecane.  
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carbons had practically the same con- 
version coefficient as hexadecane. Iso- 
alkanes, which have a methyl  side chain, 
were utilized for biomass synthesis less 
than  the corresponding n-alkanes. The 
amount  of biomass formed depends not  

'o]1 I 

c7: c ~  Clo= c11: c]3: c~: c16: r 

Fig. 4. Oxidation of pure 1-olefines by Candida 
lipolytica 4-1. y: Qot values expressed in percentage 
form after deducing endogenous respiration values; 
oxidation of tridecane = 100%. x: Individual 
1-olelines, denoted by number of carbons in mole- 
cule. 

only on the size of the alkane molecule, 
but  also on the site at  which it branches. 
Isoalkanes whose chain branches at  both 
ends (2,13-dimethyltetradecane, 2,11-di- 
methyldodecane) were not utilized at  all, 
isoalkanes branched at  one end (2- 
-methyldodecane, 2-methyltetradecane) 
gave about 25--40% less biomass than  
the corresponding n-alkanes and the 
biomass yield on 8-methylpentadecane 
was only 20~/o compared with the amount  
of biomass formed on hexadecane, which 
has the same molecular weight. (Figs. 
1, 2, 3.) 

Although alkylaromatic hydrocarbons 
are oxidized, they  are not utilized by 
Candida lipolytica 4-1 for growth. Among 
all the alkylaromatic substances tested, 
a minute increase in the amount  of bio- 

50. 

I I I I  
c~ cff clo = c1~ c d c d c16 = %r cls: 

Fig. 5. Growth of Candida lipolytica 4-1 on pure 
1-oletines. y: Biomass after 70 hours'  cultivation, 
expressed in percentage form, growth on octa- 
decane = 100%. x: Individual 1-olefines, denoted 
bv number of carbons in molecule. 

mass was found only when decylbenzeno 
was used as the carbon substrate. This 
increase was only 5% compared with the 
yield obtained in cultivation on hexa- 
decane. 

The first 1-olefine capable of utilization 
was decene. As with n-alkanes, biomass 
synthesis rose with the molecular weight 
of the olefines. The maximum yield was 
obtained on octadecene. Comparison of 
the yields on 1-olefines with those on 
n-alkanes shows tha t  the former are 
utilized less than  the latter for biomass 
formation. With lower 1-olefines the 
difference amounted to as much as 85% 
and with higher 1-olefines to about 250/0. 
The smallest difference -- about 5% -- 
was found in growth on octadecane or 
octadecene (Figs. 4, 5, 6). 

Experiments investigating the rate of 
oxidation and the utilization of n-alkanes 
and 1-olefines by Candida lipolytica con- 
f rmed  tha t  the oxidation of hydro- 
carbons and their conversion to biomass 
were not directly correlated. The finding 
tha t  hydrocarbons with a small molecule 
were oxidized rapidly, but were utilized 
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for cell synthesis less than middle and 
high molecular weight paraffins and 
1-olefines is in agreement with the results 
of previous experiments (Dost~lek et al., 
1968) in which we studied the successive 
degradation of n-alkanes in gas oil. The 

1001 ~ �9 -l  

8O 

C11 = ClT CT3= CT3 C16: CI 6 Cl8:C18 Ct9: Clg 

Fig. 6. Growth of Candida lipolytica 4-I on n-alkanes 
and  l-olefines, y: Biomass af ter  70 hours '  culti- 
vat ion,  expressed in percentage form; growth on 
hexadecane = 100~o. x: Individual  l-olefines and  
n-alkanes, denoted by number  of carbons in mol- 
ecule. C ~ -  undeeene-l ;  C~ - - t r i d e c e n e - l ;  C~ - -  
hexadecene-1; C~-~ - -  oota~teeene-1; C ~  - -  nona- 
de~ene-l;  Cll - - u n d e e a n e ;  C l a -  tridecane; C 1 6 -  
hexadecane;  C I a -  octadecane; C19 - - n o n a d e c a n e  

occurrence of alkanes which were oxidized 
by  the yeast,  but  on which it was unable 
to grow (heptane and octane), was very  
rare. In synthetically prepared alkanes, 
even minute impuri ty  (0.1~/o) -- usually 
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