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Phospholipid Derived fromHydrocarbons  by Fungi

   MAKoTo  MryAziMA, MiTsuGi IiDA, and  HmosHi  IizuKA
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   Strain no.  250-2, a  hydrocarbon-utilizing filamenteus fungi isolated from oil-polluted
soils, was  identlfied as  an  Aspergiltzas sp,  This organism  grcw  wcll  on  both glucose and

n-alkane  (Cl1.-J16) as  sDle  carbon  and  energy  sources.  The inost  suitable  substrate  for

grewth  was  n-Cl5,  and  for phospholipid formation, n-C!6.

   The  major  fatty acid  in cellular  lipids was  Cl8: 2 acid  (46N60%) in al1 cases.
The  proportion of  odd-chain  fatty adids  was  retatively  high in the cells  grown  on  edd-

chain  n-alkanes.  Phospholipids in cellular  lipid were  phosphatidylcholine (PC), phos-

phatidylserine (PS), phosphatidylinositol <PI), phosphatidylethanolamine (PE>, and

cardiolipin  (CL). CL  especially  was  the  rnajor  phosphelipid in n-all-grown  cells.

The  changes of  phospholipids depended on  the  growth  phases and  substratcs  ln all  cases.

Although  the major  fatty acids  in all phospholipids exccpt  CL  were  CI6: O (1.v58%),
C18:O (6e-66%), and  C18:2 (9e"53%) acids,  those  of  CL  were  C16:O (27ev36%)
and  C18:2  (46tw54%) as  wcre  those  of  cellular  lipids. Fatty acid  composltions  of

phospholipid also  depended  on  the growth  sukstrates  in all  cases.

  Many  reports  have described hydrocarbon
utilization  by bacteria and  yeasts,i} but there
is very  little on  the  utilization  of  hydro-
carbons!-6)  or  on  the eflbcts  of  hydrocarbons
on  the  composition  of  phospholipids in

fungi.7,S) The  quality and  quantity of

cellular  fatty acids  and  phospholipids formed
from hydrocarbons are  greatly influenced by

the  type  of  organism  and  the hydrocarbons
used  as  substrates.

  To  define the lipid biosynthesis of  hydro-

carbon-utilizing  filamentous fungi, we  ex-

amined  the  assimilation  of  hydrocarbons and
the  nature  and  diversity of  the phospholipids
of  a  newly  isolated strain  of  filamentous fungi,

no.  250-2, growing  at  the expense  of  a  homo-
logous series  of  odd  and  even  n-alkanes  as

sole  carbon  and  energy  sources.

         Materials  and  Methods

 Microorganisms  used  We  isolated 49 strains

of  hydrocarbon-utilizing filamenteus fungi from  oil-

polluted soils  in 1979. 0ne  of  these  strains,  no.  250-2,
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grew  more  rapidly  and  formed more  lipid' than  any  of

the  others  on  kcrosene culture.  Because of  this, strain

no.  250-2 was  the  most  suitable  for our  purposg  and

was  identified as  a  species  of  Asperg"ttts in accordance

with  the  methods  described in Ilrusttated Genera  of

Imperfect Fungi  3rd Ed. (l972)9) and  Kin-rui Zrkan

(l978).io)
 Cultivation Strain no.  250-2 was  preincubated
on  potato-dextrrrse-agar slants  for 7 days at  28"C.
Abeut  107 spores  were  inoculated into 60 ml  of  steriIe

mineral  medium  (pH 6.0> containing  1%  of  either
n-alkane  or  glucose. The  composition  of  the mineral

medium  was:  NaNOs,  2g;  KsHP04,  1 g; MgSOr

7H!O, O.5g; KCI,  O.5g; FeSOt7H20,  O,Ol g; and

yeast extract,  5g, in !t of  disti11ed water.  The  n-

alkanes  used  werc  undecane  (n-Cll), dodecane  (n-
C12), tetradecane  (n-C14), pcntadecane  (n-C15), and

hexadecane  (n-Cl16), all of  purity over  99%.  They

were  used  without  further purification.
 The  cultures  were  growri statically  in 300-rn1
Erlenmeyer  flasks at  280C. The  cells  of  each  culture

were  harvested by  filtration, then  washed  suceessively

with  distilled water  and  n-hexan ¢ . The  washed  cell

was  lyophMzed  and  welghed.  The  cells  Sn the  three

growth  phases (lag or  early  log, log, and  stationary>

ofstrain  no.  250-2 wcrc  used  for further analysis.

  Analysis  of  fatty aeids  Cellular lipid was

extracted  with  chloroform-mcthanol  (I:2, vlv)  by  the

methed  of  Allen et aLii}  The  extracted  lipid waS
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methylated  using  5%  methanolic  HCI.'2) Fatty acid

methyl  esters  obtained  were  diluted in acetone,  and

their compositions  were  analyzed  by  gas liquid chro-

matography  (GLC) using  a  Shimndzu  gas chromato-

graph  GC-6AMPTF.  Each  peak  detected was

identifiod by  comparing  of  its retention  time  to those

of  the standard  mixture  of  fatty acid  methyl  esters.

 The  celumn  was  glass tubing  (3 mm × S m)  packed
with  IO%  diethyleneglycel succinate  on  60180 mesh

Chromosorb W  (acid washed  and  silanized), with  the

oven  at  2ooOC, the  iajectien port and  detector, 280"C;
and  the  nitrogen flow rate,  30 mllmfn. The  propor-
tions of  fatty aclds'  were  calculated  by the usual  method

using  a  Shimadzu integrator C-RIA.

 Analysis  of  phospholipids  The  e)tttacted  cel-

Iular lipid was  separated  into lipid classcs  by thin-laycr

chromatography  (TLC) for the  characterization  of

phospholipids (PL).
 The extracted  Iipid was  diluted in chloroform-
methanol  (3: 1, viv),  used  in TLC,  and  developecl by

the  method  of  Touchstone  et  al.iS) The  TLC  plate
was  a  Silica Gel 60 (E. Merck,  Darmstadt, W.

Germany), and  the  solvent  system  was  chloreform-

ethanol-triethylaminewater  (30:3tl:35:8 by  voL).

The chromatograms  obtained  were  exposed  to iodine

vaper  for about  5 min, and  also  detected by  spraying

with melybclenum  blue reagent  by  the  method  of

Dittmer and  Lester.i4}

  For the quantitative analysis,  PL  in the area  cor-

responding  to each  authentic  ?L  was  transferred  with

the silica  gel on  the  plate and  re-extracte[l  with  chlo-

roform-methanel  (3: 1, vlv).  After the evaperation  of

solvent  under  Nt  gas, phospholipids were  estimatecl  by

assaying  the phosphorus  content  of  an  aliquot of  lipid

extract  using  a-modification  of the  method  of  Bartlett.ifi)
The  phosphorus  contents  wcre  multiplied  by 25 to give
the  total PL  content  in dry wcight  of  cells.  Further-

morg  the fatty acid  composition  of  each  phospholipid
was  analyzed  as  described above.-

        Results  and  Discussion

  Growth  and  cellular  fatty acids

The  growth curves  of  strain  no.  250-2 on.

glucose and  on  various  n-alkanes  are  shown

in Fig. 1. The- growth  on  each  n.alkane

indicates that  this organism  can  assimilate'

hydrocarbons as  well  as  glucose. n-C15  was

an  especially  suitable  growth substrate  for'
this orgahisrn.

  On  the other  hands, the previously reported
fungi, Hbrmodembttm hordei,' 3) Cladosporium sp.,3)

Penicillium lilact'num M-56-8,4) Aspergilltts
versicotor  M-15-6,4) and  Cladosporium resinae6,7)

[J. Ferment. Technol.,

grew better on  glucose than  on  hydrocarbons,
so  Aspergittus sp. ne.  250-2 is unusual  among

fungi in its hydrocarbon assimilation.

  The  compositions  of  cellu!ar  fatty acids

are  summarized  in Table 1. In even-chain

n-alkane-grown  cells, the  dominant feature
is that all fatty acids  detectecl and  identified
are  even-chain  fatty acids.  In general, the
major  acids  in these  cells  were  Cl8:2 (48-
59%), C16:O (lpt30%), and  Cl8:1  (l14%)
acids.  n-C16-grown  cells contained  a  slight

higher concentration  (19-30%) ofC16:O  acid

than  others.

  In oddLchain  n-alkane-grown  cells, the

proportions of  odd-chain  fatty acids  (C15:O
and  C17:O acids)  were  only  slightly  increased

(almost 10%  in total).

  These results  suggest  that  cellular  fatty
acids  are  mainly  formed by de nevo  synthesis.

In n-C15-  and  n-C16-grown  cells, fatty acids

rnay  also  be formed by termlnal  oxidatien

and  incerperated into the  cellular  Iipid as

such  or  after  elongation  by C2 units.

:8>8vlEtugg

 

6

          557  10 14

               TirneCdeys)

Fig.I. Growth  on  glucose and  on  various  hydro-

   carbons.  Celrs in three  phases (INS) of  growth
   (1: lag or  early  Iog, 2: log, 3: stationary)  were

   harvested.

   Symbols:  n-Cl1  (O);n-Cl2 (e); n-C14  <A); n-Cl5
   (L); n-C16  (O); glucosc (M).
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CarbonsourcePhase Fatty acid*  (%)

14:O15:O.16:O16:117:O18:O18:!18:218:3

n-Cl1

n-C12

n-C14

n-CIS

n-C16

Glucose

123123123123123123O. 4o.
 sO.
 4O.

 5e.
 3O.
 3O.

 82.
 01.8O.

 1

O.3O.42,

 6O.
 6O.4O.

 5

O.5O.
 5O.
 8O.
 3O.
 4O.6O.

 2
 tO.

 13.
 75.
 25.
 3

 tO.
 8O.5O.

 4O.6O.7

17. 317.
 723.
 016.
 220.
 019,
 817.017.

 41B.
 511.91O.

 211.619.

 -29.
 521
 O16.

 316.
 216.
 7

LOO.
 7O.
 1LOO.4O.5L3O.

 1

3. 5L42.

 1O.5

1.4O.
 9O.
 8

2. 12.6S.

 4L2L21.2O.9O.

 3O.
 34.

 26.
 1B.5O.6

 tO.4O.

 4O.5

3. 5S.
 95.63.

 65.55.83.

 43.
 43.
 12.62.63.33.

 5O.6l.45.

 85.
 54.
 9

6, O4.46.55.

 24.B5.

 46.

 85.
 35.3

 7.88.
 38.68.66.

 36.
 B'13.
 314.
 413.
 9

57.659.
 450.
 256.

 851754.548.

 259.
 059.
 547.652.

 545.
 54EL

 553.
 153.
 348.
 149.
 85L6

5. 44.
 62.
 45.

 42.
 92.
 59.

 13.
 1Z44.53.92.

 58.

 54.0L67.25.

 74.
 7

t: 1ess than  O.1%
*Recorded

 as  percent of  the  total fatty acids  present (including unidentified  aclds).

:eogEco8[Etow.v..-e2g.oa

          1 2 5

             Growth phose
Fig. 2. Contents of  cellular  phospholipid.
   Symbols:  n-Cl1  (O); n-C12  (e); n-a14  <A); n-C15
   (i); n-C16  (O); glucose (-).

  Cellular PL  fbrmation  PL  contents

are  shown  in Fig. 2. PL  contents  ･(mg/

100rng  dry cell)  obtained  from glucose-
grown  cells  and  from n-alkanes-grown  cells

were:  2.6-2.8 on  n-Cll;  2.2-3.8 on  n-C12;

1.8-2.5 on  n-C14;  1.7-3.0 on  n-C15;  3.4--4.7
on  n-C16;  and  2.4-3.7 on  glucose. The  PL

content  of  n-C16-grown  cells  was  significantly

higher than  those  grown  on  the  other  sub-

strates.  Its content  reached  the  maximum

(4.7 mg/10e  mg  dry cells) in early  log phase of

growth, and  then  decreased gradually with

the  passage of  cultivation.  And  it was  two

or  three  times  higher than  that  of  Cladbsporium
restnae.7)

  These  results  suggest  that n-C16  is the  most

suitable  substrate  fbr PL  formation, and  the
decrease of  PL  derived from n-alkanes  will

probably be utilized  for the  biosynthesis of

the  other  cellular  cemponents.

  Components  of  cellular  PL  As
shown  in Table 2, cellular  PL  was  separated

.into five components  as  fo11ows: Pa, PS,
PI, PE,  and  CL.  The  five ¢ omponents  were

generally formed  in cells  grown on  any

substratc,  and  no  other  components  were

detected in this experiment.
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Table  2.
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Thin  layer chromatogram  of  phospholipids obtained  from cellular  lipids.

Rf × 100
Phospholipidauthentic

 n-Clln-C12n-C14n-C15  n-Cl6  glucose

Phosphatidyl-
 choline

Phosphatidyl-
 serinePhosphatidyl-

 inositol

Phosphatidyl-
 ethanolamine

Cardiolipin

10

21

26

29

"

IO

21

25

29

"

9

18

24

29

45

10

22

27

31

47

13

23

27

Sl

47

11

21

25

29

43

11

20

25

29

43

Solvent system;  chloroform:ethanol:triethylamine:water  r=  30: 34:35  :8  (by vol.)

  The  composition  of  PL  is summarized  in
Table 3. In n-Cll-grown  cells, the  major

component  was  CL  (28-55%), and  PE  (21-
35%)  followed. Moreover, in n-C12-grown

cells, the  major  components  were  PE  (23-
32%)  and  CL  (19-31%), and  PI  (l8-22%)
fo11owed. The  variations  ofPL  compositions

depended greatly on  growth phases and  on

substrates  in any  case.  However,  CL  was

a  minor  component  in the cells  of  the fungi
described previously. Therefore, the  high

content  of  CL  in n-Cll-  and  n-a12-gTown

cells  was  characteristic  of  the  phospholipids
in strain  no.  250-2.

  Fatty acid  composition  of  the  isolated
PL  The  fatty acid  profiles ofPL  resulting

from the  growth at  the. expense  of  n-alkanes

are  summarized  in Tab]e  4. The  data of  PL

were  obtained  frorn cells in the stationary

phase ofgrowth,  and  CL  ofn-C15-  and  n-C16-

grown cells were  in the log phase of  growth.
  The  dominant feature is that  all  fatty acids

Table  3.Composition  of  cellular  PL.*

Carbon
      Phase
source

PL  (%)**

PC ps PI PE  CL

n-Cll

n-C12

n-C14

n-C15

n-C16

Glucose

123123123123123123 1. 35.
 914.
 29.
 1

 7. 217.625.

 12L630.

 3ND46.

 1
 8. 826.

 529.
 717.
 1ND

 3.027.
 0

6. 56.
 916.
 32LO16.

 0IL
 118.
 226.
 15.
 033.
 5

 3.763.
 7ND4.67L935.64.231.8

3. 16,
 420.
 6SB.
 422.
 119.
 714.
 818.
 819.
 72.9ND17.

 1ND17.

 1O.54.

 94L6

 3.7

34. 926.
 02LO32.

 123.
 332.
 328.

 824.
 712.
 463.

 528.
 41O.449.

 829.
 110.
 537.

 741.321.2

54. 354.
 828.
 019.43L219.

 213.

 18.932.

 6ND2L8ND23.

 819.
 4ND2L9

 9. 916.
 4

*
 Recorded  as  percent  of  total PL  present.

**  Abbreviations: PC,  phosphatidylcholine; PS, phosphatidylserinc;
  PI, phesphatidylinositol; PE, phosphatidylethanolamine; CL, car-

  diolipin. ND,notdetected.
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PLCarbonsource
       14:O

Fatty acid"  <%)

15:O16:O  16:117:O  18:O18:118:2IB:S

PC

ps

PI

PE

CL

 n-Cl1

  C12
  C14
  C15
  C16glucose

 n-CII

  C12
  a14
  C15
  Cl6glucose

 n-Cll

  C12
  C14
  C15
  C!6glucose

 n-C11

  C12
  C14
  C15
  C16glucose

 n-Cll

  C12
  C14
  C15**
  C16**
glucose

4. 7l.23.

 6O.
 9

O. 92.
 85.
 43.
 62.2

4.912.
 25.
 43.
 84.
 5

5. 42.
 7L48.

 2

1.9O.
 91e.
 81.5

O. 71.35.

 24.5O.

 2

2. 05.
 92.
 24.5O.3l.1O.5O.

 72.76.

 7

  t

  tL2O.3

  t32.
 6

 4. 515.
 821.
 328.
 6Sl.530.

 246.
 016.
 228.
 566.
 127.

 257.
 818.
 920.
 329.
 749.
 128.

 627.
 9O.9

 B. 8
  t26.

 326.
 235.
 527.
 04.048.635.

 8

O.3

4.82.
 9O.
 73.3Ll

3.31.
 11.
 74.6O.22.

 42.

 16.
 9Ll4.

 1
 t1.7O.

 7O.8L94.8

 t1.11.75.13.6

15.716.42L32LB28.

 333.
 0

 6.7
 9. 810.

 318.
 712.
 815.
 7

 5. 922.
 726.
 2IB.
 615.915.

 76.753.

 441.531.I66.

 222.
 4

 7. 79.
 !6.
 7

 2.9
 3.9
 5. 9

8. 1

4. 36.16.6rs.

 o

3. 97.97.89.

 2

13. 3S.

 98.
 6

4. 74.0L35.

 14.85.

 4

52. 7
 9.6tK).

 116.
 526.
 0

 9. 441.630.

 2IL822.524.

 1
 6.724.

 7
  t22.6l9.

 4
 9.416.

 1IB.

 6
  t34.

 325.
 925.
 3

  t52.

 045.
 554.473.

 534.
 645.
 6

3. 3

2. 3

LO

2.7L9

O.6

2. 1L66.

 41.
 2Z6

t;*

**

Iess than  O.1%.
Recorded as  perccnt of  total fatty acids  (including unidentified  acids)

tionary  phase.
Data  ef  n-C1  5 and  n-a16  obtained  were  at iog phase,

of  PL  detected and  identified were  even-

chain  fatty acids.  The  proportion of  C18;O
acid  was  higher (6-66%) in all the  PL  except

CL  (7-9%), as  compared  with  cellular

lipids (less than  6%). Moreover, the  pro-
portion of  C16:O acid  was  much  higher (1-
58%)  including CL  (27-36%) as  high as  that

of  cellular  lipid (IO-30%). The  proportion
ofCl8:2  acid  was  a]so  high (9-53%) especial-

ly in CL  (46-54%) as high as  that  of  ce]lular

lipid (48-60%).
  It is very  interesting that  the rnajor  pro-
portions of  fatty acids  in CL  were  diflbrent
from those  of  the other  PL.

  These results  suggest  that  fatty acid  in-
corporated  preferentially into PL  from n-

alkane  may  be served  by de nevo  fatty acid

biosynthesis in Aspergilitts sp.  no.  250-2.

presentln sta-

  We  found none  ofthe  marked  differences in
the  eflbcts  of  fungi as  compared  with  those  of

other  microorganisms,  yeastsie,i7) and

bacteria.is)
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