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S U M . M  A R Y  

A P s e u d o m o n a d  w h i c h  g r ows  on  h e x a n e  as  sole c a r b o n  sou rce  was  i s o l a t e d  f r o m  soil  
b y  e n r i c h m e n t - c u l t u - e  t e c h n i q u e .  Cell-free,  so lub le  e n z y m e  p r e p a r a t i o n s  of  t h e  
o r g a n i s m  c a t a l y z e  t h e  o x i d a t i o n  of ~4C-labeled o c t a n e  to  r a d i o a c t i v e  o c t a n o i c  ac id .  
A pyrid;-~ ° n,zc'.zctZ-dc '~c r " .qu '~ :d  ~v; t h i s  o v e r a l l  c o n v e r s i o n  in c h a r c o a l - t r e a t e d  bac-  
t e r i a l  e x t r a c t s ,  n - O c t a n o l  a n d  o c t a l d e h y d e  were  i d e n t i f i e d  as  p r o d u c t s  of  o c t a n e  
o x i d a t i o n  a n d  t h e  p r e s e n c e  in  t h e  e n z y m e  p r e p a r a t i o n s  of  D P N - d e p e n d e n t  d e h v d r o -  
g e n a s e s  a c t i n g  on  o c t a n o l  a n d  o c t a l d e h y d e  w a s  d e m o n s t r a t e d .  

I N T R O D U C T I O N  

T h e  a b i l i t y  of a v a r i e t y  of  ae rob i c  m i c r o o r g a n i s m s  to  u t i l i ze  pa ra f f i n s  a n d  o t h e r  h y d r o -  
c a r b o n s  has  b e e n a b u n d a n t l y  d o c u m e n t e d ,  as  d e s c r i b e d  in c o m p r e h e n s i v e  r ev i ews  ~-a. 
P r i m a r y  o x i d a t i o n  p r o d u c t s  h a v i n g  t h e  s a m e  c a r b o n  s k e l e t o n  as  t h e  h y d r o c a r b o n  
s u b s t r a t e s  h a v e  b e e n  i den t i f i ed  in o n l y  a few cases ,  h o w e v e r ,  a n d  t h e  d i s cus s ion  of  
s u c h  e x a m p l e s  will  be  l i m i t e d  to  t h e  a l i p h a t i c  a l k a n e s .  M e t h a n e - u t i l i z i n g  b a c t e r i a  
a p p a r e n t l y  p r o d u c e  m e t h a n o l ,  f o r m a l d e h y d e  a n d  f o r m a t e  4, 5 a n d  a lso  h a v e  been  s h o w n  
t o  c o n v e r t  e t h a n e  to  a c e t a l d e h y d e  a n d  a c e t a t e ,  p r o p a n e  to  p r o p i o n a t e  a n d  a c e t o n e ,  
a n d  b u t a n e  t o  b u t y r a t e  a n d  b u t a n o n e  s. STEWART e t  a l .  7 c a r e f u l l y  i den t i f i ed  c e t y l  
p a l m i t a t e  a s  a p r o d u c t  of  h e x a d e c a n e  m e t a b o l i s m  in c u l t u r e s  of  a G r a m - n e g a t i v e  
c o c c u s ;  a t m o s p h e r i c  o x y g e n  p a r t i c i p a t e s  d i r e c t l y  in t h e  p roces s  as  s h o w n  b y  mO in- 
c o r p o r a t i o n  i n t o  t h e  w a x  to  t h e  e x t e n t  of  75 %- T h e y  i n t e r p r e t e d  t h e i r  d a t a  t o  i n d i c a t e  
t h a t  c e t y l  p a l m i t a t e  is f o r m e d  f r o m  c e t y l  a l coho l  a n d  p a l m i t a t e ,  a n d  x - h e x a d e c y !  
h y d r o p e r o x i d e  w a s  s u g g e s t e d  as a poss ib le  i n t e r m e d i a t e .  STEWART AND KALLIO a h a v e  
o b s e r v e d  t h a t  c u l t u r e s  of  t h e  coccus  a lso  u t i l i ze  o t h e r  l o n g - c h a i n  h y d r o c a r b o n s  t o  
p r o d u c e  w a x e s  in w h i c h  t h e  a l coho l  h a s  t h e  c o r r e s p o n d i n g  c a r b o n  s k e l e t o n  b u t  t h e  
a c i d  m o i e t y  is p a l m i t a t e ,  or  in one  case,  s t e a r a t e .  

A so lub l e  e n z y m e  s y s t e m  c a p a b l e  of  o x i d i z i n g  o c t a n e  t o  o c t a n o a t e  w a s  d e s c r i b e d  
in a p r e l i m i n a r y  r e p o r t  b y  BAPTIST AND COON a a n d  is t h e  s u b j e c t  of  t h e  p r e s e n t  p a p e r .  
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ENZYMIC H Y D R O C A R B O N  OXIDATION 4x 

T h e  enzyme  sys tem,  ob ta ined  f rom a soil P s e u d o m o n a d  grown on hexane  as so!e 
ca rbon  source, yields n-oc tanol  a n d  oc ta ldehyde  as i n t e rmed ia t e  p roduc t s  and  con ta ins  
D P N - d e p e n d e n t  dehydrogenases  ac t ing  on these  c o m p o u n d s  as well as the  enzyme(s)  
p rov id ing  the  ini t ial  ox ida t ive  a t t a c k  on the  hydroca rbon .  To our  knowledge  there  
h a v e  been no o the r  descr ip t ions  of cell-free enzyme  p r e p a r a t i o n s  a t t a c k i n g  a l iphat ic  
a lkanes  o ther  t h a n  the  repor t  b y  SENEZ AI~D AZOULAY 1°,11 t h a t  cell-free e x t r a c t s  of 
a P s e u d o m o n a d  which oxidizes Iaeptane to  h e p t a n o a t e  tz ca ta lyze  t h e  " d e h y d r o -  
g e n a t i o n "  of paraffins.  Spec t ropho tome t r i c  evidence was  p resen ted  by  these  invest i -  
ga to r s  for the  reduc t ion  of D P N  or  pyocyan in  in the  ex t r ac t s  u n d e r  anaerobic  con- 
di t ions ,  b u t  evidence for the  fo rma t ion  of the  pos tu l a t ed  olefin or o ther  ox ida t ion  
p roduc t  in ceil-free ex t r ac t s  was n o t  provided.  

MATERIALS AND M E T H O D S  

Isolation and culture of bacterial strain 

A b a c t e r i u m  which grows on technica l  g rade  n -hexane  as ca rbon  source was  
isolated f rom mixed  soil samples  by  e n r i c h m e n t  cu l tu re  technique .  The  o rgan i sm has  
been t e n t a t i v e l y  ident i f ied by  Dr. J .  B. DAVIS of the  Magnol ia  P e t r o l e u m  Co. as a 
s t ra in  of Pseudomonas oleovorans, a b a c t e r i u m  prev ious ly  i sola ted  f rom m a c h i n e  shop  
c u t t i n g  oil a n d  descr ibed by  LEE AND CHANDLER 13. Our  s t ra in ,  wh ich  is different  
f rom the  P. oleovorans obta inab le  f rom t h e  Amer ican  T y p e  Cul tu re  Collection, also 
grows on n-hep tane ,  n -oc tane  a n d  n -nonane  a n d  weak ly  on  n -pen tane ,  b u t  no t  on 
cyc lohexane  or m e t h y l b u t a n e .  T h e  o rgan i sm grows well on L-leucine as sole ca rbon  
source,  b u t  enzyme  ex t r ac t s  p r e p a r e d  f rom such cul tures ,  t h o u g h  r ich  in  f l -methyI-  
c ro tony l  caxboxylase  x4, are a p p a r e n t l y  devo id  of the  hydroca rbon-ox id iz ing  sys tem.  

T h e  o rgan i sm was g rown in 3-1 F e r n b a c h  flasks con ta in ing  a b u f f e r - s a l t  so lut ion 
m a d e  by  dissolving x g (NH4)aSO 4, I g KHzPO4,  x g N a I H P O  4, 0.2 g MgSO 4, o.o2 g 
CaCI~, a n d  o .o i  g FeC13 in I 1 of water .  H e x a n e  was  suppl ied  i n t h e  gas  phase  b y  
p lac ing  a smal l  open con ta ine r  of hexane  inside the  cu l ture  flask. The  flask was  
inocu la t ed  ~4th  Io  ml  of a cu l ture  previous ly  g rown in the  s ame  m a n n e r  and  was  
a l lowed to  s t a n d  w i t h o u t  ag i t a t ion  3 - 4  days  a t  r o o m  t e m p e r a t u r e .  U p o n  cent r i fu-  
ga t ion  t - 2  g of cells, wet  weight ,  were  o b t a i n e d  per  flask. Aera t ion  or the  add i t ion  
of yeas t  ex t r ac t  to  the  m e d i u m  (o.z g/l) gave  fas ter  g r o w t h  b u t  did  no t  resul t  in 
an  increased con ten t  of hydroca rbon-ox id i z ing  enzymes  as j udged  by  the  convers ion 
of [I-~4C]octane to  rad ioac t ive  o c t a n o a t e  in cell-free ex t rac t s .  

Preparation of hydrocarbon-oxidizing enzyme system 

T h e  packed  cells were  d ispersed in z vol. of o . I  M po ta s s ium p h o s p h a t e  buffer  
(pH 7.8) and  s u b m i t t e d  to  a pressure  d rop  f rom I5  0oo lb/ in  z to  a tmosphe r i c  pressure  
w i t h  use of a F r ench  pressure  cell. Al te rna t ive ly ,  t h e  packed  cells were  g round  for 
3 rain a t  o ° in a m o r t a r  wi th  twice the i r  we igh t  of a l u m i n a  (Alcoa A-3o5), and  the  
resu l t ing  pas te  was  d ispersed in a vo lume  of p h o s p h a t e  buffer  twice the  weight  of 
t h e  we t  cells. Broken-cel l  p r epa ra t i ons  m a d e  in e i ther  of these  ways  were k e p t  for 
20 rain a t  o ~ a n d  t h e n  cen t r i fuged  a t  2o0oo × g forzo:  rain. T h e  s u p e r n a t a n t  solut ion,  
con ta in ing  the  hydroca rbon-ox id iz ing  e n z y m e  s y s t e m , : w a s  k e p t  frozen u n t i l  used.  
Typ ica l  ex t r ac t s  con ta ined  a b o u t  40 m g  pro te in]ml .  I n  the  crude e x t r a c t ; a c t i v i t y  

: :  . 
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was re ta ined  on prolonged ~ ~  iJm rate frozen state.  Af ter  par t i a l  purification the  
sys t em is less stable,  ibm rnmttt~-l~r,t~etedi b y  the  addi t ion of ascorbate.  

Estimation of enzyme ac~izn~, 

The overal l  conver~3icm ~ ~ - u ~ ~ o c t a n e  to radioact ive  oc tanoa te  was t aken  as 
a measure  of the  ae~kt33. " ~ot ~ ~nn~nae sys tem.  The  following componen t s  were 
incuba ted  for I h a t  ~5° ;,in :r~ ffmd] ~rdkune of I .o  ml" 7 ° pmoles  po tass ium phospha te  
buffer  (pH 7.o), x tan0te. [ ~ k ~ n t t l l a n e  ~ (~Sffooo counts/min//~mole) dissolved in 0.0 5 m! 
e thanol ,  5 ° t m o l e s  a l i e ~ m r i i ~ .  ~ ~e .  bacter ia l  enzyme  p repa ra t ion  to be tested.  
The  m i x t u r e  was  C.hen : a m t t ~ m f i w ~  zo,% sulfuric acid (about  o.z5 ml) and  ex t rac ted  
b y  shaking  wi th  ether ,  Lam~l t~ae ~ li~yer was  then  ex t rac ted  ~fith 0. 5 ml  of di lute  
K O H  solution. An a l i ~ u m  ,at ~ afltatine solut ion conta in ing  radioact ive  oc tanoa te  
was dried on a p laneh~t  am~l ~ ~  The  counts  repor ted  have  been corrected to  
zero thickness.  I n  t y l e R 1  ~e~nmimmlt~ f r o m  8 t o  3 2 % of  the  o c t a n e  w a s  c o n v e r t e d  

to  oc tanoa te  in t h e  tares~mee <~ff ~ m d b  bacter ia l  ex t r ac t  (Io mg  protein)  under  the  
condi t ions  described. ~ ltmmmdh~ ~ [~Eovides a rough measure  of the ac t iv i ty  of the  
overa l l  hydrocarbon-o :~ /~h i t~  ~mmsmnm • ~ , s t em.  F o r  fu r the r  s tudies a more  accura te  
m e t h o d  for e s t i m ~  ,rbotlih ~ommmmld a n d  oc tanoa te  has  been devised, as will be 
described in t h e  secon{l ~ ~ ~ series. 

[x -~C]Oetanewas~mmrdtmm~t~n~ the  Volk Radiochemica l  Co. ; the  rad ioac t iv i ty  
was  de t e rmined  in a ~ m i ~ t ~ a l l i i l h ~ i ~  eo tmter  and  expressed as the  count  expected  
in an  end-window 'Gcig~r ~mmlmr t ~ n ~  the  k n o w n  efficiency of bo th  ins t ruments .  
This  p repa ra t ion  eont~ir~.~t mo nad~aet~ve acidic mater ia ls ,  for no significant a m o u n t  
of r ad ioac t iv i ty  was  ~ e ~ r ~ l ~ l l ~  firth, aqueous  alkali.  Impur i t i e s  readi ly  oxidizable 
to  acids were also l_ar-gdl?¢'atl~r~:. ~ l ~ z o i o n g e d  t r e a t m e n t  of the  octane wi th  alkal ine 
or acidic p e r m a n g a n a t e  ~ , m ~ - t m a e e s  of :*C-Iabeled acidic mater ia ls .  

Py r id ine  n u e l e ~ i ~  ~ m ~ e ~ ~  commercia l ly .  Technical  grade  n-hexane  was 
ob ta ined  f rom Phi l f i t~  l t ~ d k a m n  ~o ,  The protein concent ra t ion  of c rude  enz~mae 
solut ions was  e ~ ~ e f l ~ 3 , t l t t e g m o e e d i x r e  of LOWRY et al. ~, whereas t ha t  of purified 
p repara t ions  was eslfim___m~II ~Wrmttmphotometrically according to  the  me thod  of 
WARBURG AXD CIKRI~r~'~tl~.. 

RESULTS 

Oaane oxidation to,oatanmO:e ~a ~ ~ .  extracts 

I n  p re l imina ry  re~ammmim~ iii w a s  found t h a t  a suspension of whole bacter ia l  
cells readi ly  oxidized [zv~C~_~mtm~ t~, CO z whereas cell-free ex t rac t s  accumula t ed  a 
rad ioac t ive  s u b s t a n e e ~ m i o a t ~ t l e  l ~  e the r  f rom acid solution and  in t u rn  ex t rac tab le  
f rom e ther  in to  . a q u e o n s , ~ l i . ' l I ~ i i ~  organic acid was identif ied as octanoic  b y  paper  
a n d  co lumn c h r m m t t ~ .  

The  R p  values,eft tribe u m t t m ~ m  mficL on paper  c h r o m a t o g r a m s  in several  solvent  
sy s t ems  were  t hose  ~ ~  {dr a~ ~__~trated f a t t y  acid hav ing  more  t han  6 and  less 
t h a n  9 carbon atonm. & ~ ((adVent z3oo to ta l  counts) was then  shown to  mig ra t e  
w i th  ca r r i e r  :octan~ic ~ m[t~m dlmeendJng paper  c h r o m a t o g r a p h y  in h e p t a n e -  
b u t a n o l - c o n c .  1q~01]/((#o::q~t~.)  (toO. _ne t_ .  _ _ ~nha~-- .., ~= in~cate-5 in Fig-. x. The  areas  
ind ica ted  by  brokem ~aines ~ qam o u t ,  p laced on p lanche ts  and  counted,  and  the  

Biochim. Bio#hy.~..4eta. 69 {x963) 4o-47 
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radioactivity was found to coincide with the octanoate area located by spraying with 
bromcresol green. 

A larger sample of the radioactive acid was further identified by reversed-phase 
chromatography on a column of siliconized Super-cef by the general method of 
HOWARD AND MARTIN It but with a different solvent system. A mixture of 160 ml 
chloroform, 30 ml Skelfysolve S, 240 ml water, and 400 ml methanol was allowed 
to separate into two phases. For preparation of the column, 6 g of hydrophobic 
kieselguhr (Hyflo Super-ccl treated with dichlorodimethyl silane) were mixed with 

r--. *-. fl-. - _-a l h-c 

C7 CS =9 
+ PRODUCT 

ITRATION 

2- 
RAOIOACTIVITY 

P \ 
2poo 

? _ 

Fig. 2. Identification of radioactive product as 
octanoic acid by reversed-phase column chro- 
matography. l - l , titration values: A---A, 

radioactivity. 

Fig. I. Paper chromatography of 2.5 pmoles 
heptanoic acid (left), nonanoic acid (right), or 
octanoic acid mixed with radioactive acid 

{center). 

5 ml of the lower (chloroform-rich) phase, some of the upper phase was then added, 
and the resulting slurry was transferred to a column II mm in diameter. The radio- 
active acid in o.5 mJ of tile upper phase was applied to the column and z.s-ml fractions 
were collected while more of the upper phase was added to the column. Radioactivity 
was found exclusively in tubes x0-14. The contents were pooled and acidified with 
sulfuric acid, the radioactive acid was extracted into ether, and 4.8 mg each of hep- 
tanoic and nonanoic acids were added. Ether was removed and the mixture was again 
submitted to column chromatography. As shown in Fig. 2, the unknown radioactive 
acid was located chiefly in fractions 13 and 14, following heptanoic and preceding 
nonanoic acid. More polar, non-radioactive acids were located in fractions 6-8. These 
acids, possibly citric acid cycle intermediates present in the crude, undialyzed ex- 
tracts, have not been further characterized. 

Idew+2th 0f UC~U~ una octdaehya6 US id~medi~t~ haut;ion pr0ads 
The addition of a number of carbonyl-binding agents to the usual enzyme reaction 

mixtures containing [Wjoctane was found to decrease the radioactivity appearing 
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in octanoate, with the accumulation of a compound which could be converted to 
a radioactive z,q-dinitrophenylhy&azone readily soluble in Ccl,. In the experiments 
shown in Table 3 a s&cient amount of hydroxylamine was employed to lower 
octanoate formation from FKIoctane to about one-tenth the usual value. Under these 
conditions buth labeled octanol and octakdehyde accumulated and after the addition 
of carrier compounds could be isolated and recrystallized to constant radioactivity 
as the dinitrobenzoate and dinitrophenylhydrazone, respectively. The derivatives had 
melting points in good agreement &h reported values. 

TABLE I 

ISOLATION OF 1UDtOACTWE OCTASOL AND OCTALDEHYDE AS DERIVATIVES 

For identification of octanol as an intermediate, IO pmoles [I- Wjoctane, 500 /dmoXes nicotinamide, 
3.5 pmoles TPNH, 500 ymoks phosphate buffer (pH 7.0). z mmoles hydroxylamine (pH 7), and 
bacterial enzyme preparation (ISO mg protein) were incubated I h at zs*; final volume, 10.0 ml. 
The mixture was then extracted with 50 ml of ether containing o. I ml of non-radioactive octanol. 
The ether layer was carefully evapomted. and loo mg of 3,5-dinitrobenzoyl chloride were added 
to the residue; the derivative was prepared and recvstallized from ethanol-water. For identi- 
f~ztion of octaldehyde as an intermediate. 2 ~mdes z I -WIloctane (in ethanol), roe pmoles nicotin- 
amide, 0.7 pmole TPNH. 0.7 ymoie DPX, 701dmoles potassium phosphate buffer (pH 7.01, 
300 pmoles hydroxylamine (pH 7) and bacterial enzvme preparation (30 mg protein) were incu- 
bated ‘I h at 25”; fin& volume, 2-0 ml. After preci$itation of protein with trichloroacetic acid, 
3,4-dinitrophenylhydra.Gne w added- The reaction mixture was extracted with CCI, and to this 
extract 22 mg of carrier octadehyde dinitrophenylhydrazone were added. The compound was 

recrystallized from absolute .&oho! by the addition of water to incipient turbidity. 

I 105 I59 
2 56 140 
3 93 135 
4 94 130 
5 9= 135 

In view of the above findings, a?tempts were made to establish the presence of 

octanol- and octaldehyde-o.xidizing enzymes in the bacterial extracts. The occurrence 
of a pyridine nucleotide-dependent dehydrogenase acting on uctanoi was readily 
shown, and the enzyme par&&y purified as follows. A crude bacterial extract (IO ml) 
was placed in a so-ml ErIemeyer flask and heated with gentle shaking in a 56-55” 
water bath for rg min. The preparation was immediately chilled, and the precipitate 
obtained upon cccftifiq+ion was discarded. Nucleic acids were partially removed 
by making the preparation 0.05 M in MnCl,. The precipitate was removed and the 
supernatant sol&ion = brongbt to 30 :& saturation in (N&j&O, by the add&on 
of a saturated solution of the salt. The precipitate obtained upon centrifugation was 
discarded, and the supernatant solution was brought to 50 yO saturation. The resulting 
precipitate containing o&an01 dehydrog enase was dissolved in potassium phosphate 
buf@ (pH 7.8). This preparation was essentially free of the enzyme(s) catalyzing 
the oxidation of octane to actanoL Spectrophotometric evidence for the action of 
this enzyme prepatation is given in Fig. 3. DPN reduction is ckarly dependent on 
the p&ence of octanol. and it is apparent that TFN can not substitute for DPN. 
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The reaction is readily reversible as shown by DPNH oxidation in the presence of 
octaldehyde. (Fig. 4). When TPNH was substituted for DPXW, however, the rate was 
only slightly greater than in controls contain& DPNH or TPNH but with octalde- 
hyde omitted. Thus the reduction of the aldehyde appears to be DPNH-specific, as 
would be anticip‘ated from the findings in Fig. 3. 

- 0.10 

i: 

DPN 

I 

0 

0- . t 0 5 IO I5 0 2 4 e - 
MINUTES II&S 

Fig. 3, DPN reduction as a function of time. Fig_ 4. DPNH oxida#ian as a function of time. 
As shown in the curve on the left, no increase The octaldehyde dehydrogenase preparation 
in absorbancy at 340 rntd occurred when (0.30 mg prMei@ was incubated with 0.75 
I *5 prnoles DPN, 270 pmoles potassium phos- j4mole DPNH or TPNH in the presence of 
phate buffer (pH 7.8) and partially purified 260 fzxuuks pbq&ak buffer (pW 7.0), final 
octanol dehydrogenase (0.63 mg protein) were volume 3-o mL OctaHebyde was added @XI the 
mixed in a cuvctte in a final volume of 3.0 ml two experkeskts S&~&XI) as a s&mated so- 
at room temperature. At the time indicated by lution in 2-60 ml of b&k solution. 
the arrow, the solution was saturated with B- 
octanol by the addition of a small drop with stirring, B in x@cI reduc-Gon of DPN. As 
;howm in the curve or. the right, no increase in amcy m when 0.75 pmole TPN, 
2 70 Fmoles phosphate buffer (2.70 ml, pH 7.8, saturated e A+MXKBI] and partially purified 
dehydrogenase (I. 27 mg of protein) were incubated in a W volume of r-go ml, but the addition 
of 0.10 ml DEW solution (0.75 ~mole) at the time indicated by ltbe ~XTCBIS resulted in rapid octanol 

oxidation as judged by DPNN formation, 

follows. A crude bacterial extract (9 ml) was heated for IO n+ in a 47-49” water 
bath. The preparation was rapidly cooled and centrifuged, and the supernatant 
solution was brought to 48% saturation with armnonium sulfate. The precipitate 
obtained upan centrifugation was dissolved in 4 ml of 0.1: BR phosphate buffer @H 7.0) 
and treated with IO/~ protamine sulfate (adjustd to pES 6-89.0) uutil no further 
precipitation occurred. The precipitate was removed by centxSug&kn, and the super- 
natant solution was brought to 30% saturation with (NH&SO,. The resulting 
precipitate was dissolved in 0.1 M potassium phosplmte buff&s (pH 7). The aldehyde 
dehydrogenase preparation was largely free of DPNH ow, octanol dehydrogenase 
and the enzyme system converting octane to octamol. The spsiiicity for DPN 
aIdehyde oxidation is shown in Fig. 5. 

in 

Eio attempts were made to establish the specSSty of the octanol and octaldehyde 
dehydrogenases toward other alcohols or aldebyd~~ &ME lchese enzymes were not 
extensively purified by the procedures described On the other hand, it is apparent 
that the bacterial enzyme preparations can efkct thpse reactions in accord with the 
reaction sequence proposed. 
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Properties of hydrocarbon-oxidizing system 

In  c rude  bac t e r i a l  e x t r a c t s  no a d d e d  cofac tors  were  r equ i r ed  for  t h e  overa l l  con- 
vers ion  of  oc t ane  to  o c t a n o a t e .  C h a r c o a l - t r e a t e d  e n z y m e  p r e p a r a t i o n s  were  r e d u c e d  
in a c t i v i t y ,  b u t  th i s  was  a l m o s t  c o m p l e t e l y  r e s to red  b y  t h e  a d d i t i o n  of e i the r  a " j u i c e "  
p r e p a r e d  b y  boi l ing  t h e  or ig inal  e x t r a c t  a n d  d i s ca rd ing  t he  p rec ip i t a t e ,  or  a p y r i d i n e  

~°~°° f A 

~o 

g Q2ecl- 

/ 
o o ', ; ~ ~ ~ ~ - ~  ~ ~ ,~, 

MINUTES 

Fig. 5- Increase in ~.bsorbancy at 340 m/t as a 
function of time. Curve A indicates the rate of 
DPNH formation in a mixture containing z7o 
/~moles phosphate buffer (pH 7.8), I. 5/~moles 
DPN, and oetaldehyde dehydrogenase prepa- 
ration (o.7o mg protein); octaldehyde was 
added as ~ saturated solution in z.7o ml of the 
buffer solution. The final volume was 25.o ml. 
Curve B indicates the rate when o.35 mg 
protein was used. Curve C shows no significant 
reaction occurred with o.7 o mg protein when 
TPN was substituted for DPN. Octaldehyde 
was omitted from a control euvette in each 

experiment. 

nuc leo t ide .  I n  one  e x p e r i m e n t  t h e  t o t a l  c o u n t s / m i n  r ecove red  in o c t a n o a t e  w i t h  a 
c h a r c o a l - t r e a t e d  e x t r a c t  were  as  fol lows: no add i t ion ,  x7o; 3-5 /zmoles  D P N ,  9oo; 
3-5 t ano le s  T P N H ,  xxoo;  b o t h  nuc leo t ides ,  780. Boi led e n z y m e  could  no t  s u b s t i t u t e  
for  n a t i v e  e n z y m e .  

P r e l i m i n a r y  e x p e r i m e n t s  i nd i ca t e  t h a t  t h e  cell-free e n z y m e  s y s t e m  p r e p a r e d  as  
desc r ibed  is n o n - p a r t i c u l a t e ;  for example ,  good  a c t i v i t y  in t h e  overa l l  convers ion  of 
o c t a n e  to  o c t a n o a t e  is r e t a i n e d  in the  c lear  s u p e r n a t a n t  solut ion o b t a i n e d  upon  
centri .~aging an  e x t r a c t  a t  o ° for 6o min  a t  8700o  × g. 

DISCUSSION 

T h e  resu l t s  p r e s e n t e d  i nd i ca t e  t h a t  in the  ceil-free e n z y m e  p r e p a r a t i o n s  e m p l o y e d  
o c t a n e  is a p p a r e n t l y  m e t a b o l i z e d  v/a t h e  r o u t e :  octane--> n -oc tano l  ~ o c t a l d e h y d e  
--> o c t a n o a t e .  These  f ind ings  sugges t  t h a t  the  in i t ia l  o x i d a t i v e  a t t a c k  is a t  a m e t h y l  
r a t h e r  t h a n  a m e t h y l e n e  c a r b o n  a t o m  of the  alkazae, b u t  do n o t  rule  o u t  the  occur-  
rence  of a m o r e  c o m p l i c a t e d  sequence  of r eac t ions  or  the  f o r m a t i o n  of a n  i n t e r m e d i a t e  
(such as  a h y d r o - p e r o x i d e )  p r io r  to  n -oc t ano l  fo rmat ion .  I t  shou ld  be  no t ed  t h a t  
o c t a n o a t e  w a s  d i s t i n g u i s h e d  f rom h e p t a n o a t e  a n d  p e l a r g o n a t e  as  well  as  f rom o t h e r  
acids,  t h e r e b y  ru l ing  o u t  un l i ke ly  r eac t ions  such  as c a r b o x y l a t i o n  of oc t ane  or  loss 
of  a C t  u n i t  as an  in i t i a l  s tep.  T h e  conclus ion  t h a t  t h e  p r i m a r y  alcohol  is f o r m e d  
is in  a c c o r d  w i t h  t h e  i n t e r p r e t a t i o n  p l aced  b y  STEWART d alY on t h e i r  iden t i f i ca t ion  
of c e t y l  p a l m i t a t e  as  t h e  p r o d u c t  of h e x a d e c a n e  o x i d a t i o n  in whole  bac t e r i a l  cu l tures .  
O t h e r  i n v e s t i g a t o r s  h a v e  r e p o r t e d  t h e  a c c u m u l a t i o n  of t h e  co r r e spond ing  p r i m a r y  
a lcohols  f r o m  long-cha in  h y d r o c a r b o n s  in i n t a c t  P s e u d o m o n a d  cu l tu res ,  b u t  w i t h o u t  
ev idence  for  t h e  e x a c t  s t r u c t u r e s  of  these  produc tsm,  TM. T h e r e  a p p e a r s  t o  be  a g r e e m e n t  
t h a t  in non-b io log ica l  a l k a n e  o x i d a t i o n s  m e t h y l e n e  g roups  a re  m o r e  l ike ly  to  u n d e r g o  
h y d r o p e r o x i d e  f o r m a t i o n  t h a n  m e t h y l  g roups ,  b u t  regard less  of  t h e  m e c h a n i s m  of 
t h e  biological  o x i d a t i o n  process ,  t he  xsO d a t a  of  STEWanT a d 3  leave  no  d o u b t  t h a t  
a t m o s p h e r i c  o x y g e n  pa r t i c ipa t e s .  

::~!:!ii.i. 
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In  contrast ,  the  studies of SENEZ et al. ~°-u  have  led to the proposal of an an- 
aerobic p a t h w a y  by  which paraffins undergo dehydrogenat ion as the  init ial  met~t- 
bolic reaction. Their  report  t h a t  both  DPN and pyocyanin undergo reduct ion by 
paraffins under  anaerobic conditions in cell-free "hep tane  dehydrogenase"  prepa- 
ra t ions led to the  assumption t h a t  the corresponding olefin might  thereby be formed. 
Such a product  has not  been identified in cell-free preparat ions,  bu t  CHOt:TEAU, 
AZOULAY AND SENE# ° have  recent ly  repor ted t h a t  CC! 4 ext rac ts  of P .  aeruginosa  cells 
exposed to hep tane  under  anaerobic condit ions contain a substance apparen t ly  
identifiable as i -hep tene  by infrared spec t rophotometry .  

I t  would appear  t h a t  purification of the  enzyme systems involved is necessary 
to a thorough unders tand ing  of e i ther  the  proposed aerobic or anaerobic routes  of 
paraffin metabolism. A radioact ive acid somewhat  more polar  t han  octanoic and  
stable to gentle hea t ing  wi th  alkali or mineral  acid has  been found in some experi- 
ments  as a product  of octane oxidat ion in bacter ia l  ex t rac t s  ~t. This  compound may  
be a direct  oxidat ion product  of octanoate ,  from which it is formed in higher yield 
t han  from octane. As will be described in the  second paper  of this series, two dist inct  
enzyme fractions are required for the  formation of octanol from octane,  and  studies 
are in progress on the  possible funct ion of each fraction in the  init ial  a t t a c k  on the  
hydrocarbon.  
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