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Subcellular distribution of a biologically active naphthoquinone in 
Mycobacterium phlei 

Quinones have been implicated in electron t ransport  and coupled phosphorylat ion i> 
mammal ian  and bacterial systems. A natural ly  o c c u r r i n g  vitamin K-]ike naptho-  
quinone has been isolated from Mycobacteri~tm /)hle# and it ha~ b,en sizowe, iJi.: 
vi tamin K z and closely related, 2,3-dialkyl-x,4-naphthoquinones, to restore oxidation 
and phosphorylat ion to preparations tha t  have been inact ivated I b irradb:~:ion ~, a 

Coupled phosphorylat ion in unt rea ted  bacterial preparations of M. 75h./,c~; requires 
the part icipation of a highly organized part iculate system as well as soi.ubie compo- 
nents. Of the known participants in oxidative phosphorylat ion the particles contab~ 
the dehydrogenases, bound DPN,  and the terminal respiratory pigments ~, whereas 
the supernatant  contains other enzymes necessary for the oxidation? of D P N I t  and 
for phosphorylat ion "5. Since the bacterial naphthoquinone  appears ~o be ;.m additions] 
component  of this system, its distribution and concentration i~7 the ~-'ubeelh.flar 
fractions have been determined and compared with those of certai~, othe~ .fiectron 
carriers. 

M. phlei cells, ATCC 354, were grown, disrupted, and fractionated b;c methods 
previously described'L The electron carriers analyzed were compared on a n~olar basi~¢. 
In  order to compare the relative concentrat ions of the carriers Jl~ the particles arid 
the supernatant ,  the fractions were compared on a dry  weight basis. 

The total flavins were extracted with zo % trichloroacetic acid and v, ere measured 
fluorometrically G, The fluorescence of the extract  was taken to indic~te the eo>,centra- 
tion of FMN, since free riboflavin has not been found in bac te r ia l  The COT'.C< ntratioJ~ 
of FAD was determined by measuring the increase Jn fluorescence foi1owil~g acid 
hydrolysis. 

To estimate the naphthoquinone,  extraction with a mixture o{ isopropanol-  
isooctane (3 : i) was followed by adsorption of a petroleum ether (3o-6o "~) ;olntion of 
the material  onto Permut i t  and elution with diethyl ether in petroleum ctl~er. The 
concentrat ion of the naphthoquJnone v,,as determined by  the co]ori.metric procedure 
of  SCHILLING AND DAM s, with vi tamin K~ as a standard.  The ,.:sines a{(recd wit~ 
those obtained from the absorption at 249 mtz, assumin~/7 ~ . . . .  : 63o. Tl~e identi ty , ,  s~ ]  Cl]3 

of the naphthoquinone  was con~hTmed by  paper chromatography  ~. 
In  order to compare the concentration of the naphthoquinone wi[h tha t  of terpai- 

hal electron carriers, cvtoehrome~ b, chosen for analysis as a representath, e of !1~(' 
terminal respirator3., pigments, was measured by the alkaline pyridine method or 
]~APPENHEIMER ~. The difference in absorption at 560 mlZ between Line o~xidized ;.~nd 
reduced states was used to calculate the concentrat ion;  s tandard  cur',:es were obtained 
with hematin.  Prior t rea tment  of the particulate fraction with ratt lesnake venom, 
a method similar to tlmt of A.~BE AN~) CRANE 10, was necessary to obtain preparations 
t ransparent  enough for photometr ic  measurements.  

I t  is difficult: to describe enzyme systems as particulate ol- ~oluble ,'.ith most 
disruptive procedures commonly used. However,  some degree of reliabi]iiy ca.:; be 
at tained by  using as an index of structural  integri ly a physiological f~:~nctior~ suci~ as 

A b b r e v i a t i o n s  ; 1)RN, d i p h o s p h o p y r i d i ~ e  nucleei:ide ; ] :MN, r ibof lavin  ~ < rlopi~os ",5:,~x~ : F . \ ] ) ,  
f lavin-adenine dinucleot ide .  
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ox ida t ive  phcsphory la t i on  for which re tent ion  of organized s t ruc ture  is essential .  
This ac t iv i ty  has been used as a measure  of the  degree to which the sys tem re ta ins  
the  p a t t e r n  of enzyme local izat ion in the in tac t  cell. 

The d i s t r ibu t ion  and  concentra t ion  of the  electron carriers  ana lyzed  in p r epa ra -  
t ions capable  of ox ida t ive  phosphory la t ion  are shown in Table  I. The supe rna t an t  
f ract ion conta ined  bo th  the  flavins, FMN and  FAD,  in greater  concentra t ions  than  

TABLE I 

T H E  R E L A T I O N S H I P  O F  T H E  N A T U R A L  N A P H T H O Q U I N O N E  TO T H E  F L A V I N S  A N D  

C Y T O C H R O M : E  b I N  S U B C E L L U L A R  F R A C T I O N S  O F  M .  phlei 

Supernatant fraction Particulate fraction 

Electron carrier Relative Relative 
I~moles/mg dry wt.* concentration** t, moles]rag dry wt.* concentration~ ~ 

FAD 2.64" IO -4 i .8 9.85' lO -a 0.6 
FMN 5.95" io 4 4 5.3 °. IO -s 0.35 
FAD + FMN 8.59. lO .4 5.2 1.52. lO -4 I 
Naphthoquinone 6.03" Io -4 4 3.52. lO a 23 
Cytochrome b o o 2.65' lO 4 2 

* Each value represents the average o)[ at least 4 determinations, except for that of the natural 
naphthoquinone which was the average of at least 8 determinations. 

** The relative concentrations of the electron carriers are expressed as molar ratios, the total 
concentration of the flavins in the particulate fraction being taken as unity. 

the  pa r t i cu la te  fraction. The re la t ive ly  high concentra t ion  of F M N  in the  supe rna t an t  
correlates  wi th  the  observed non-phosphory la t ive  FMN-l inked  p a t h w a y  of ox ida t ion  
ca t a lyzed  b y  this fraction 5. 

Al though a small  amount  of the  naphthoquinone  was found in the  superna tan t ,  
the  ma jo r  por t ion  was localized in the  pa r t i cu la te  fraction. Only one naphthoquinone ,  
wi th  the  same RE value shown b y  paper  ch roma tog raphy  1, was regular ly  ob ta ined  
from bo th  fractions.  

As has been observed previously  for the te rmina l  r esp i ra to ry  p igments  of 
M. phlei 4, only the  par t ic les  conta in  cy tochrome b. 

The combined  sys tem of the  par t ic les  and  the superna tan t ,  which is capable  of 
coupled phosphory la t ion ,  conta ined  the flavins, naph thoquinone  and cytochrome b 
in the  ra t io  of 3.4: 13.5: I.  Thus the  q u a n t i t y  of the  na tu ra l ly  found naph thoquinone  
is sufficient to account  for function at  a t  least  one of the  phosphory la t ive  sites in 
electron t ranspor t .  There is an appa ren t  excess of the  na tu ra l  napthoquinone.  Con- 
cent ra t ions  of quinones of the same order  of magni tude  as t ha t  of the  nap thoquinone  
in M. phlei have  been found in other  bac te r ia  and  in m a m m a l i a n  and  p lan t  tissues n. 
The fact t ha t  v i t amin  K is necessary for the  oxida t ion  of reduced D P N  and  for the  
reduct ion of the t e rmina l  resp i ra tory  p igments  indicates  t ha t  this  coenzyme functions 
between these two resp i ra tory  carriers  12. 

I t  is concluded t ha t  the  biological ly act ive nap thoquinone  in M. phlei is loca ted  
in the part icles .  I t s  concent ra t ion  re la t ive  to o ther  electron carr iers  is sufficient to 
suppor t  electron t r anspor t  and to account  for a coenzymic role in ox ida t ive  phos- 
phory la t ion .  
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A D D E N D U M  

Quinones from other n-Jicroorganisms have been examined ; ho\vevcxL n i: >~t]~ respect 
to other electron carriers, t E S T E R  AND C R A N E  ll- have found boll, a benze, c~ui~:one 
(Qs) and a naphthoquip, one in Kscherichia coZi; the benzoquino~ ~. ':,~ ~ p~c:!ent fl~ a 
high concentration only in cells grown aerobically. In .+he preseni studie~ {:]TJ:ee qui- 
nones have been crystallized from E, coZi: a vitami~n. K,--like napthoq~finc>:, ~md two 
benzoquinones, one >.i~b an absorption maximum at 260 my, a,,'~d 1:he ,1:her a~ 
270-275 raft. The three quinones were distinguishable by  chromatogrgq?i y a;,:) were 
present in cells gro\~4~ aerobica]iy. Under  a.naerobic conditions ~,he concentrat ions 
of the various quinone:~ were a]tered. I t  is diffmult to quant i ta te  the ~Tu{~3o~e~ because 
of losses during fractionatJon and overlapping spectra; however, i1: appears t]-t~.1: under  
anaerobic conditions the napthoquinone and the 270 benzoquJ>ox~e are d{> inist~ed 
in concentration, wbiie the other benzoquino~e is increased. The beteroge,:,eity oi: 
these compounds in tiffs facultative anaerobe may provide inform,~tTo:~ ccmccrnin~ 
the biological role of t]~e various benz, o -and  naph thoquJnones, a~d the effects of these 
compounds on oxidatix.e phosphor3qatJon in E. cob: are being ]nvestiga!,ed. 

This investigation was supported by a research gr~int (No. E-~(;74 ) from tbc 
National Microbioiogical Insti tute,  National  Inst i tutes of Healtt;, U.S. ?ubiic  HeaJti: 
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Preparation and properties of glutamic dehydrogenase 
from human placenta 

The oxidation of L-gh~t~,mic acid b37 hnman placenta loins been o] >s,: :-vc'd ~ ]';!~* {:be 
properties of the place~t~d enzyme ~ere not studied, The key role of t:his e~zyme in 
intermediary metabolJsu-~ and the evidence tha t  its rate is under 7~o:-monal control e 
led us to compare the properties of the placental and ll~er enzymes 
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