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SUMMARY 

x. A naphthoquinone was isolated from electron-transport particles of Myco- 
bacterium phlei. 

2. The naphthoquinone was identified by chromatography as a vitamin K(45) 
and by infrared spectroscopy as a vitamin K~(45 ). 

3. This compotmd was active in restoring D P N H  oxidase activity to particles 
w'fich ilad been extracted with isooctane. It  also reactivated the D P N H  o.,ddase in a 
crude extract which had been exposed to light at a wavelength of 360 m/z. 

4-The  inability to restore D P N H  oxidase activity in light-exposed particles, 
with the isolated compound, has been explained by postulating a second light- 
sensitive component in the electron-transport pathway. 

INTRODUCTION 

It has been demonstrated that  electron transport in Mycobaclcrium phlei, from the level 
of D P N H  through the cytochromes to oxygen, involves the participation of vitamin 
K (see refs. x, 2). In  an a t tempt  to determine the specificity of naphthoquinones in 
this reaction, various homologues of vitamin K~ and K2 were tested on electron- 
transport  particles a. These particles were first exposed to light at 36o mt~ or solvent- 
extracted in order to inactivate or remove the naturally occurring naphthoquinonO, 2. 
I t  was important,  therefore, to isolate this naphthoquinone from the particles in order 
to compare its activity with that  of the other K x and K s homologues in restoring 
D P N H  oxidation to such treated particles. 

This naturally occurring naphthoquinone had been isolated from whole cells of 
M. phlei by BRODm et al?. They reported that  it appeared to be a new homologue of 
vitamin K 1 with a maximum molecular weight of 620. JACOBSEN AND DAM n similarly 
isolated a naphthoquinone from M. phlei and found that,  on the basis of its ultraviolet 
spectrum, it had a me!ocular weight of 74 o. 

This report is concerned with the procedure for isolation and purification of the 
naturally occurring n~phthoquinone directly from the electron transport particles, 
and its identification as a vitamin K,(45 ). Evidence will Mso be presented demon- 
strating the activity of this compound in the terminal electron-transport pathway. 
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EXPERIMENTAL 
Materials 

The sodium salt of D P N H  was obtained from Sigma Chemical Company. Neo- 
tetrazolium chloride was purchased from Sigma Chemical Company and Mann 
Research Laboratories, Inc. The vitamin K homologues were generously supplied 
by Dr. O. ISLER, F. Hoffmann LaRoche and Company. A mixture of coenzyme Q~ 
and Q9 from Torula yeast was a gift from Dr. F. CRANE. Spectroquality n-hexane was 
obtained from Matheson, Coleman and Bell Company. A grade of permutit  used for 
Folin aimnonia determination was obtained from the Permuti t  Company. The 
preparations which gave the most satisfactory results for chromatographic isolation of 
the naphthoquinone had the following mesh composition : < 50 = 7.3 %, 5 ° -8°  ~--- 
85.4 %, 8O-lOO ----- 7.3 %, and traces of xoo to > 17o. 

METHODS 

Growth of cells and isolation of electron transport particles 
M. phlei A.T.C.C. 354, was grown with vigorous aeration in flasks on a New 

Brunswick Gyrotory Incubator  Shaker at 37 ° for 2z h in a medium described by 
BRODIE AND GRAY e. Cells were harvested in a Servall RC-2 continuous flow apparatus 
and washed three times with cold deionized water. They  were suspended in water 
(approx. IO ml/3o g of cells), and the pH was adjusted to 8 with Tris buffer. The cells 
were disrupted, in I i -ml  aliquots, by  sonic vibration for 4 min in a IO kC Raytheon 
magnetostriction oscillator, which was tuned to a maximum at 1.25 A. The sonic 
extract was centrifuged at 210oo × g at o ° for 30 rain to remove cellular debris and 
the remaining whole cells. The crude supernatant fluid was care,~ully pipetted off, 
and recent~i~uged two times in order to remove any  cellular contamination. This will 
be referred to as the crude extract. 

The particles were obtained by centrifuging the crude extract at lO5 ooo ~.~ g 
for 9 ° min. The supernatant fluid was decanted and discarded. The particles were then 
washed with o.i M KC1, buffered with Tris at  pH 8, and centrifuged at lO 5 ooo >( g 
for 60 rain. The washing procedure was repeated, and the resultant gelatinous red 
pellet was stored at --28 °. Protein was estimated by the method of LOWRY et alfl. 

Isolation of a naphthoquinone from particles of M. phlei 

All procedures for the isolation of the naphthoquinone were carried out in 
subdued light. Approx. IO g wet weight of particles were suspended in o.I M KCI 
buffered with"iris (pH 8.0). Particles were denatured by repeated freezing and thawing 
on three successive days. Denaturation was indicated by the rapid settling of particles 
on standing. If this was not done, a g e a r  amount of lipid material present made it 
difficult to obtain clean hexane extracts suitable for further purification. Ethanol  was 
added to a final concentration of 6o %. The mixture was placed on a New Brunswick 
Gyrotory Incubator  Shaker at 25 ° for I h, and then centrifuged at 4ooo × g for 15 
rain. The supernatant fluid containing the water ethanol fraction was decanted into a 
separatory funnel and extracted with hexane. The residue of denatured particles was 
extracted repeatedly ,~ th  hexane. The hexane fraction was yellow in color and ex- 
traction was conCnued until no obvious yellow colored material could be further 
extracted. The hexane extracts were combined and evaporated to dryness in vacuo. 

Biochim. Biophys. Acta, 71 (1963) 355-363 



Mycobact~i~z p~e~ ~m~OQUI.~ONE 357 

The dried extracts were dissolved in a ~ o ~ .  5 ~ o~Ee~ne  and chromatographed on a 
column containing permutit  (i : ~8,c~t ~ d ~  previo,~sly been washed thoroughly 
with hexane. The material was a d s ~ d 1 , 0 ~  ~ ~ co~un~ and washed with 50 ml of 
hexane. Elution of the n a p h t h o ~ e  ~ ,~  ~ a ~ a e ~  with a mixture of anhydrous 
ether in hexane (5 : 95, w/v). Approx. 4 - ~  ~ x ~ e z e  taken, and the naphthoquinone 
was found to be in the fourth and ~ 1~t~_~_ ~ samples were dried in v~.c~o, dis- 
solved in acetone, and placed at - -zo  ° o ~ , ~ e ~ _ . ~  ~hite flocculant precipitate formed, 
composed presumably of triglyceride~, ~hiid~ ~a~ tittered off at approx. --z5 °. The 
yellow acetone solution was placed a ~  ~ - - ~  ~nti[ yellow crystals formed. They 
were dissolved in acetone at 25 ° and ~ e ~  at --2o °. 

By the method of isolation, the a ~ : e ~  ~ N ~ n ~ n o n e  concentration, in a series 
of eighteen experiments, was found ~o ~ ~ ~ / g  ~e t  weight of particles. 

Irradiation and solvent e.~raction of ~ 

Particles were exposed to ligh~t ~t ~ ,o  ~/~ Iby methods previously described ~,'. 
Isooctane extraction of particles to  ] ~  D ~ - H  omdase activity was performed by a 
modification of the method of NAso.~ ~ 1~ r ~ r ~ _ ~  ~his method presumably removes 
the naturally occurring n a p h t h o ~ , m e _  .*~ ~*a~  ~'~fiume of i'_'ooctane was added to 
the KC1-Tris-suspend:zd part icl~ a~di ~ im m Vortex j r .  mixer for 2 min at room 
temperature. They were centfiflxged :~*~ ~oer ~.5~e~tl ~ the particles recovered by pipet 
ring through a viscous and almos~t soli~ ~ lhyer. The process of extraction was re- 
peated, and after recovery of the pm-~dtes IbW ~ a t i o n  they were a.gain centri- 
fuged to remove traces of i sooctane . .~  ~ e  ~ m loss of protein during this proce- 
dure, the concentration of isooctame-ex~auc~te¢ll llm~-ticles was adjusted to that  of the 
untreated particles. 

Solubilization of the naphthoquinone 

The crystals of naphthoquino~e v ~ c h  $0~meet at --20 ° became an oil at 25 °. 
To test the ability of this compo~mdl tt~o re~t~0~, ~ P N H  o~Jda:~e activity to light- 
exposed or solvent-extracted particles,, ~ oN ~eas emulsified with Tween 80 and 
brought to volume with water. The ~ ¢c~0~¢enlwation of Tween 8o should be no 
greater than 0.75 %. 

Chromatographic separation of ~he v i ~ ' ~  K g~a*~odogues 

The method used for sepayatio~a ,off ~ ~:a~o~w, ~ a m i n  K homologues was that  of 
GREEN AND DAM ~ as modified by  I.msaxm _~_,~-~ I[~AS.',RMA ~0. ~Vhatman No. I paper 
was impregnated with 5 % ~x/x-) ~ a w  C0mm~g ~ i~one  Fluid No. 550 in chloroform. 
The vitamin K homologues were ~ s s ~  fm Nexmae and applied to the paper in a 
concentration of o.I / ,mole.  The sol~emtt ~ ~  ~-propanol-  H~O (4: ~). The paper 
was equilibrated for 3o-6o rain ~ ~ e  ~0~N-emt,. ~ the compounds were chromato- 
graphed by  the ascending technique f f ~ r ~  ~¢~lh at z5 °, at which time the solvent 
front was approx. 30 em from t h e , ~ ' ~ e  N c a ~ m  of the spots was determined by 
the reduction of the compounds ~o ~ e  ~ a ~ ~ ~ i n o n e  with potassium boro- 
hydride, removal of excess tmr~h,xn~i~e ~ ~ x  N NCI, followed by  development 
with o.z5 % neotetrazolium chloriGe ~ ~25  ~ g ~ s s i m n  phosphate buffer (pH 7.0). 
For  coenzyme Q compotm&s it ,~&~ ~ c , ~ .  -~a!y ~ N~.~ ~b~ paper to 8o-1oo ° for the 
development of full color, in*ensk~# -~. 
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Spectrophotometri~ procedures 
D P N H  oxidase activity was measured by a decrease in absorbency at 34 ° rr,.tL 

with a Zeiss PMQ II  spectrophotometer. The ultraviolet spectvam of the naphtho- 
quinone was recorded on a Cary Model I I  recording speetrophotoraeter. Infrared 
spectra were measured with a Beckman IR-  7 double beam recording spectrophoto- 
meter wiOa NaCI optics. 

RESULTS 

Ultraviolet absorption spectrum of the M. phlei naphthoquinone 

As can be seen in Fig. I, the naphthoquinone isolated from M. phlei exhibits all 
the characteristic absorption peaks of the vitamin K 1 and K 2 homologues. The maxima 
in hexane are 243, 248, 260, 269, 325 and a shoulder at 24 ° m~. Although not in- 
dicated, exposure of the M. phlei compound to light at 36o m~ caused a disappearance 
of the char acteristic absorption spectrum. This was in agreement with results reported 
by EWlNG et el. n, for vitamin K v A sample calculated to be 95 % pure from infrared 
data gave an E ix ~,% ~- 241 at 248 m~. Assuming a molecular extinction of 18 900, the 
molecular weight would be 785 . 

o.5 

Oi:o I 
360 340 320 300 280 260 240 220 

WAVELENGTH (rnH) 
Fig. L Absorption spectrum of M.  phlei naphthoquinone in n-hcxane, 

Chromatographic separation of various naphthoquinones, eoenzyme Q~ and (~9 

The data  in Table I indicate that  the naphthoquinone isolated from M. phlei 
has the same RF as authentic vitamin K2(,5 ) and that  of Mycobaaerium tuberculosis 
naphthoquinone wlfich was isolated by NoLL TM and identified by  NOLL et all3., as 
vitamin K~(~5 ). Mixtures of K,~(~5) and M. phlel naphthoquinone gave 2 spots, one 
identical with Ke(35 ) and the other with K~(45 ). However, authentic K~(,5 ) mixed with 
the M. phlei compound gave one spot. The two M. phlei samples isolated by BRoI)m 
et al. 4, gave similar spots identical with our compound. This was the case, although one 
sample was reported to be active in oxidative phosphorylation whereas the other 
was not. 

Although this chromatographic technique can determine the length of the side 
chain on the C-3 position of the naphthoquinone ring, i*, i.~ not possible to differentiate 
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. . . . . . . . .  " " I ( t  *zz . . . . .  ' ~- ' -" i "~"*;~"~ RF "'~' ..... ~ ' t w c c i t  a Vitaig'tiii or , ,  ~ , , , ,v , ,w,u .  .~, can  o¢ seen,  ,,~,,~,v,,, , , , = ~  were  
e b t a i n e d  w i t h  K t~0 ) a n d  K2(o0 ). E x p o s u r e  of t h e  M.  phlei n a p h t h o q u i n o n e  to  l igh t  
a t  36o m / ,  r e su l t ed  in a c o m p o u n d  wh ich  c h r o m a t o g r a p h e d  as a ye!low spot  w i t h  a n  

Rh, of 0. 9. Th i s  c o m p o u n d  (lid no t  form an  obv ious  f o r m a z a n  w h e n  t r e a t e d  w i t h  neo-  
t e t r a z o l i u m  a f t e r  r e d u c t i o n  w i th  bo rohvd r ide .  

T.\BI.E I 

CHROM~TOCR.XPI1V GF .~ .  Phie i  NAPHTHOQUINONE, AND KNO~,VN 

VITAT,!IN K AND COENZYME Q HOMOLOGUES 

Compound Rp Values ~ 

I Kl(20 ) 0.7 
, K 2(..,0) 0.7 
3 K~aa) o.4S 
4 Ko.(45} 0.33 
5 M. phlei naphthoquinone o.33 
6 K~i.t~) + M. phlei naphthoquinone 0.33 
7 K2(aa) + M. phlei naphthoquinone o.33.0.48 
S M. phlei naphthoquinone (al "" 0.33 
9 M. pldei naphthoquinone (l))"" o 33 

lo M. tuLerculosts naphthoqmnone (Kz(I5 ? 0.33 
I r Torula-coenzyme Q7 and coenzyme Q9 o.48, o.¢) 

" Solvent front was 3 ° cm from the origin. 
' '  Kindly sent by Dr. A. F. BRODIE: a, inactive; b, was labeled biologically active 

~doo ~ , o V ~ o o ' ~ "  - ~oo ,5oo ,~o ,ao 900 
WAVENUMBERS (crn -I) 

Fig. 2. Infrared spectrum of 3I. pMei naphthoquinone, scanned as a liquid oil 

l~fvured identification of  the naphthoquinone 

Conclus ive  e v i d e n c e  t h a t  t h e  v i t a m i n  K i so la t ed  f rom M .  phlei is a v i t an f in  K 2(45) 

w a s  o b t a i n e d  f rom i ts  i n f r a r e d  s p e c t r u m .  Th i s  s p e c t r u m  is i l l u s t r a t e d  in Figs.  2 a n d  3. 
A n a l y s i s  of t h e  s p e c t r u m  revea l s  al l  t h e  q u a l i t a t i v e  f ea tu re s  cha rac t e r i s t i c  for h o m o -  
logues  of t h e  K2 series. T h e  w e a k  es t e r  C = O  b a n d  n e a r  I74o  cm -1, o b s e r v e d  in  Fig. 2, 

o/ is  d u e  to  t h e  p re sence  of a sma l l  a m o u n t  (in t h e  o rde r  of a b o u t  5 / o )  of t r ig lyeer ide  
i m p u r i t i e s  w h i c h  a re  difficult  to  s e p a r a t e  c o m p l e t e l y  b y  p e r m u t i t  e h r o m a t o g r a p h y l Z  
E x t e n s i v e  i n f r a r e d  s tud ies  w i t h  a large  series  of  s y n t h e t i c  v i t a m i n  K h o m o l o g u e s  b y  
NoLI. 14, h a v e  s h o w n  t h a t  K s homologue5  in t h e  n o n - c r y s t a l l i n e  s t a t e  m a y  be  differ- 
e n t i a t e d  f rom m e m b e r s  b e l o n g i n g  to  t h e  K ~ series  by" a n v m b e r  of spec t ra l  c h a r a c t e r -  

Biochim. Biophys..4cta, 7 ,  ! x 9 6 3 )  3 5 5 - 3 6 3  
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istic~ The spectra  of K 2 homologues contain two baJlds, one at  11o5 and another  a t  
840 cm -1. These are not  present in the spectrum of K t homologues. In  addit ion,  the  
posit ion and shape of the CH 2 band near I45o cm -x was found to be different in the 
two series. As seen in the expanded scale recordings of the  characterist ic spectral  
regions in Fig. 3, these specific K2 absorptions are clearly recognizable in the spectrum 
of the M. phlei compound when compared with the spectrum of a typical  representa-  
t ive of the K :  series (e.g. K~(2o~). Definite spectral  identification of the M. phlei 
compound as K2(~,s) was made with the a id  of an identification scheme based on the 
observat ion tha t  each K 2 homologne is characte~-ized b y  a unique set of relat ive band 
intensit ies x4. In  the present  case, the final decisio.~ involved comparison of the relat ive 
intensities (A) of the bands  near 13oo and 2925 cm - t  as follows: K~(40 ), A j ao0 > A ~92s, 
K2(45 ), Ala0o < A2925 and K o(~o), A18oo~A~2~. From inspection of the spec t rum in 
Fig. 2, it  is evident  tha t  the side chain in K 2 from M. phlei is longer than Coo and 
shorter  than  C50. 

\ 
, ~,~--  . . . .  

t 500 14 I I00 1000 900 800  
WAVENUMBERS ( c m  -1 ) 

Fig. 3. Expat. ded scale recordings of the infrared spectral regions, showing the characteristic 
differences between M. phlei naphthoquinone (K2(45)) {upper curve) and synthetic DL-vitamin 

Kx(2o ) (lower curve). Both compounds were scanned as liquid oils. 

Reactivation of the D PN H oxidase in solvent-extracted particles 

As can be seen in Table I I ,  isooctane extract ion of the part icles resulted in a 60 % 
reduction in D P N H  oxJdase act ivi ty .  Thi~ ac t iv i ty  was restored with the  M. phle¢ 
naphthoquinone as well as K~(4~ ) and  Kt(2o)- This restorat ion of ac t iv i ty  involved the  
cyanide-sensi t ive e lectron-t ransport  pa thway.  Al though not  indicated,  when the  
M. phlei naphthoquinone was exposed to  light a t  36o m p  for increasing 13eriods of t ime,  
there  was a progressive loss in i ts ab i l i ty  to react ivate  the  D P N H  oxidase. 

Reaaivaion of DPNH oxidase in light-exposed partict, s and ~ude extract 

The da t a  in Table  I I I  show tha t  when crude ext rac ts  or  part icles were exposed to  
l ight a t  360 m/~, as previously reportedt ,  z, there  was a 9 ° % reductiui,  in D P N H  
oxidase act ivi ty .  Addi t ion of the  M. ptdei compound to the  l ight-exposed crude ext rac t  

Biorhim. Biophys. Aa~, 7 z (i963) 355-363. 
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c o m p l e t e l y  r e s t o r e d  a c t i v i t y .  V i t a m i n s  K~(2o ) a n d  Kz(45) p r e s v m a b l y  in  a s i m i l a r  

c o n c e n t r a t i o n  (see DISCUSSION) d i d  n o t  f u l l y  r e a c t i v a t e  t h e  s y s t e m .  ~n t h e  l i g h t -  

e x p o s e d  p a r t i c l e s ,  h o w e v e r ,  K1(.,o) m o r e  e f f e c t i v e l y  r e s t o r e d  a c t i v i t y  t h a n  e i t h e r  o f  t h e  

o t h e r  n a p h t h o q u i n o n e s .  A s  w i t h  t h e  i s o o c t a n e - t r e a t e d  p a r t i c l e s ,  t h i s  a c t i v i t y  w a s  

a s s o c i a t e d  w i t h  t h e  c y a n i d e - s e n s i t i v e  p a t h w a y .  

T A B L E  II 

EFFECT OF VITAMIN K COMPOUNDS ON THE REACTIVATION 
OF THE DPNH OXIDASE IN ISOOCTANE-EXTRACTED PARTICLES 

Reaction mixtures contained o. 5 mg of particle protein, o. 5 mi of o. I M potassium phosphate (pH 8) 
0. 4 pmole of DPNH, and deionized wa+.er to a total volume of 3 ml. Where indicated o.3 /~mole of 
naphthoquinone and o.o2 ml of 95 °/o ethanol were added. Particles were preincubated at 25 ° for 
5 rain either alone or with the naphthoquinone and ethanol. The reaction was started with DPNH 

and the change in absorbaney was recorded from the first 15 see after mixing. 

Naphtho- Per cent 
Material quznone -- AA a,o/min Per c e n t  inhibition 

added reactivation by 1o -~ M KCN 

Particles None 0.328 --- 79 
K1(2o) 0.334 - -  76 
K.,(,5) 0.280 - -  82 
M .  phlei  0.338 - -  85 

Isooctane-extracted particles None o.I3I  - -  76 
Kt(2o) 0.33 ° 99 78 
K2(45 ) 0.256 92 82 
M .  phlei  o.345 xoo 84 

T A B L E  III  

EFFECT OF VITAMIN K CO-~..'POUNDS ON THE REACTIVATION OF 
THE D P N H  OXIDASE I.~ LIGHT-EXPOSED PARTICLES AND CRUDE EXFF.ACT 

React ion mix tu re s  and  condit ions were the  same as indicated in Table II, exc-.pt tha t  o.3 mg  oi 
particle protein and  3.5 m g  of crude ext rac t  protein were used. 

Na#hthe- Per cent 
Martial quinone --zlAa4olmi• Per c e n t  inhibition 

reactivation by zo -~ M KCN added 

Particles None o. I9o - -  76 

Light-exposed particles None O.Ol 5 - -  - -  
I(l~zo) o.138 73 75 
K2(45 ) 0.038 20 78 
M .  phlei  0.053 23 - -  

Crude ex t rac t  None o. 12o - -  78 

Light-exposed cradc extract  None o.o12 - -  - -  
K1(2o) o.oetz 68 76 
Kz(~5) 0.063 52 78 
M .  phlei  o.144 IOO 80 

DISCUSSION 

T h e  e l e c t r o n - t r a n s p o r t  s y s t e m  of  M .  p h l e i  i s  c o n t a i n e d  m p a r t i c l e s  w h i c h  c o n t a i n  

. c y t o c h r o m e s  a n d  o t h e r  f a c t o r s .  I n  t h i s  w o r k  i t  h a s  b e e n  d e m o n s t r a t e d  t h a t  o n e  o f  t h e  

f a c t o r s  t h a t  c o n t r i b u t e  t o  t h e  s y s t e m  is  a v i t a m i n  K2t46 ~. T h i s  c o m p o u n d ,  e x t r a c t e d  

Biochim.  B iophys .  Acta,  71 (1963) 355-363 
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from the particles, was identified by chromatography, and infrared spectroscopy. 
The compound was isolated as an oil at room temperature rather than in crystalline 
form characteristic of authentic K2(45). It  should be noted, however, that it is difficult 
to crystallize Kz(45 ) at room temperature when contaminated with triglycerides TM. 
When the synthetic crystalline K~145 ) was mixed with triolein it Crystallized in acetone 
at --20 °, whereas it formed an oil at room temperature similar to the M. phlei 
compound. 

The infrared spectrum of crystaUine vitamih K 2 homologues show three sharp 
absorption bands near 876, 796 and 753 cm-1. These are characteristic of the crystalline 
state and disappear upon melting TM. Spectra of non-crystalline K 2 preparations, in 
which these bands are absent appear similar to those of the non-crystalline K 1 
compounds. This may have led BRODIE a al. 4, to identify the M. phlei compound as a 
vitamin Kj. Similarly, although some of the spectral differences between M. phiei 
naphthoquinone and K 1(~0) were observed by JACOBSEN AN D DAM 5 they were impressed 
by the great similarity of the two .~pectra. Nevertheless, they left open the question of 
whether the differences were due to impurities or to differences in molecular structure. 

The reactivation of the DPNH o.,ddase in isooctane-extracted particles by the 
compound does not conclusively identify it as a vitamin K2(45 ~. All vitamin K1 and 
K 2 homologues with C-3 side chains of I5 and greater will reactivate the cyanide- 
sensitive DPNH oxidase in such treated particles a. DEUL et al. is, CRAWFORD el al. is 
and WEBER et alY,  is, have reported that many lipids restore DPNH- and succinate- 
linked cytochrome c reductase activity in heart-muscle preparations extracted with 
isooctane. Thus the solvent extraction technique, for the removal of naturally occurring 
electron-transport lipids, is not as specific a~ might be thought from the results of 
NASON AND LEHMAN 8. However, compounds which were found by the above in- 
vestigators to inactivate their isooctane-extracted preparations such as Tween 8o, 
phytol, or a-tocopherol did not reactivate similarly extracted particles of M. phlei 3. 

The inability to obtain complete reactivation of the I )PNH oxidase with the 
crystalline synthetic K2¢4s), in light-exposed crude extract, remains to be explained. 
Although ~t is possible that differences in solubility of synthetic and isolated com- 
pounds may play a role, i.e., trig!yceride impurities in the isolated compound may 
contribute to its relative solubility, it should be pointed out that the difference in 
activity of these compounds is reproducible in light-treated crude extracts. An expla- 
nation for this effect can be deduced from the data in Table I I I  on light-exposed 
particles. In this case both the synthetic and isolated K2~45 ~ failed to restore activity 
to more than 2o--3o %. As the particles are devoid of other factors present in the crude 
extract, it is tempting to suggest the presence of a second light-sensitive component 
of the electron-transport pathway. In this case the compound as isolated from the 
particles might contain minute quantities of a catalytically active substance which 
can interact with the crude extract to restore activity. A more likely possibility is 
that  the high protein content (approx. 70 mg/ml) of the crude extract might protect 
the postulated second light-sensitive component in the particles from destruction by 
light. In this case the differences observed between the synthetic and isolated com- 
pounds would be explained in differences in their solubilities. 

Since complete reactivation could be obtained by the naturally occurring vitamin 
-:n i~c~t~'~e extracted-particles, it is obvious that the postulated second light-sensitive 
component is not extracted. 

Biochim. Biophys. Aaa. 7x (I963) 355-363. 



Mycobacter ium phlei NAPHTHOQUINONE 363 

In con t ras t  to  th is  t~  c~ , . , , , p o n e n t  '~5 ~tc,r,, vltallfin K 1{2o) can create  an artificial  
by-pass .  V i t amin  Kt(z0 ) would  thus  accompl ish  in one s tep,  r a t h e r  t h a n  two,  a t r ans fe r  

of e lec t rons  to  the  cy tochromes .  Work  is in progress  to  t e s t  th is  hypothes i s .  

Whi le  th is  m a n u s c r i p t  was in p repara t ion ,  BISHOP ei al. l°, descr ibed  the  isolat ion 

of ub iqu inone  (coenzyme Q) and  v i t amin  K homologaes  f rom a wide va r i e ty  of bac-  
ter ia .  I t  appea l s  f rom the i r  results ,  as well a.s those  of o thers ,  t h a t  bacter ia ,  when  t h e y  

con ta in  v i t a m i n  K,  have  the  K2 t y p e  This  is in con t r a s t  t(; green p lan t s  which have  

been  found  to  con ta in  v i t amin  K 1. 
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