
354 ]~IOCHIMICA ET BIOPHYSICA ACTA VOL. 34 {I959) 

S U B - C E L L U L A R  P A R T I C L E S  A N D  T H E  N I C O T I N I C  A C I D  

H Y D R O X Y L A S E  S Y S T E M  I N  E X T R A C T S  O F  

P S K  U D O ~ r O N A S  F L  U O R E S C E N S  K B I  

A. 1.. H U N T ,  A. R O D G E R S  A~D D.  E.  H U G H E S  

l)eparg,te~zt o/Biochemistry a~d 3Iedical Research Cog, toil Unit [or Research in Cell JVIetabolism, 
University o/ Ox/ord (Great Britain) 

( R e c e i v e d  S e p t e m b e r  ±6Lh, I958)  

S U M M A R Y  

I. The distr ibution is described of nicotinic acid hydroxy lase  ac t iv i ty  in sub-  
cellular fractions of Pseudor~onas fluor~svens KBz .  

z. In crushed cells, the bulk of the ac t iv i ty  is localised on a s t ruc ture  resembling 
the cell wall and protoplas t  membrane  of the  cell. The remaining ac t iv i ty  sediments  
at  high centrifugal forces together  wi th  a RNA-conta in ing  part icle having a sedi- 
menta t ion  coefficient of approx imate ly  ~ 4 o. 

3. Act iv i ty  is fu_rthcr subdivided in ul trasonical ly d is rupted  cells amongs t  poly-  
disperse components  representing dis integrated por t ions  of the cell wal l -membrane  
s t ructure.  

4. A purified 4o-S particle fraction has been ob ta ined  b y  ul t racentr i fugat ion of 
an ext~ act prepared b y  further  mild dis integrat ion of the  cell wal l -membrane  fract ion 
from crushed cells. The nature  of the  paren t  mater ia l  and the  origin of the  part icles 
is discussed. 

5. The 4o-S preparat ions  contain a l ipoprotein complex and a r ibonucleoprotein,  
~eparable b y  electrophoresis.  Nicotinic acid hydroxy lase  and  succinoxidase ac t iv i ty  
associa ted with these prepara t ions  is confined to the  former material .  

6. Trea tment  of the  intact  cells wi th  lysozyme and versene d id  not  yield s t ruc-  
tures equivalent  to protoplas ts  under  appropr ia te  conditions.  The separa ted  cell wall- 
membrane  structure,  however ,  is ve ry  susceptible to dissolution under  this t rea tment .  
At 3 o°, nicotinic acid hydroxylase  ac t iv i ty  is l iberated into a superna tan t  fraction 
not  sedimented at  15,ooo × g. At o ° the  enzymic ac t iv i ty  is s t ~  re ta ined on the  
part iculate  fraction. 

INTRODUCTION 

Pseudomonas fluorescens KBr  will adap t  and grow on nicotinic acid as a sole source 
of carbon and nitrogen. The first s tep  in the  breakdown of nicotinic acid is the  for- 
mat ion of 6-hydroxynicot inic  acid a. The reaction involves the addi t ion of water  to  
the  ring s t ructure  followed b y  dehydrogenat ion coupled to molecular  oxygen *-4. 
A similar enzyme has been isolated from a Clostridium species~. The enzyme from 
the Pseudomonas  is a t t ached  to insoluble par t iculate  const i tuents  of the cell, b u t  
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m a y  be purified, together with an associated electron t ransport  chain, by  deoxy- 
chelate extract ion of the particles followed by  ammonium sulphate fractionation °. 
The present paper is concerned with  the nature  of the part iculate fraction associated 
with the system in cell-free extracts .  The evidence presented indicates t ha t  the bulk 
of the ac t iv i ty  is localised within a s t ructure resembling the cell wall end  protoplast  
membrane  of the organism. In addition, further act ivi ty  appears to be associated 
with  particles gedimcnting at ao S in the ukracentrifugc.  

~fETHOD5 

Growth o/ orga~bisms 
P. fluoresae"~ (strain K B I ,  KOGUT AND PO!)OSIKI, I950 ) was grown with aeration 

at  z5 ° on an inorganic salt medium cantaining KH,,PO4, 6.8 g; NHaC1, Lo  g; mineral 
supplement  {BEHRMAN AND STANIER, I958), 1.O ml; MgSO, "7H ~.O, o. 5 g; yeas t  extract  
(Oxo Ltd.) ,  o.2 g and nicotinic acid, z,5 g, or succinic acid, 2.5 g/l of deraineralised 
water.  The reaction ,,gas ad jus ted  to pH 6.8 with solid sodium hydroxide.  Subctfltures 
were main ta ined  on slopes containing 2 % agar. For  ttle preparation of large quanti t ies  
of cells, 4o-1 batches of medium were inoculated with 41 of a logarithmic phase culture 
and  growth allowed to continue under  fon'ed aeration, in the stainless steel container  
of a commercial washing machine (Hoover Ltd.),  f i t ted with a baffle plate and a 
stainless steel cover. Small quanti t ies  of t r ibuty l  ci trate were added to minimise 
foaming. Under  the condit ions used, cell densities reached 3-4 g wet wt./ l  af ter  growth 
for lO-12 h. The cells were harvested in a Sharples o,  ntrifuge, before the onset of 
the s ta t ionary  phase. A fur ther  20 g of nicotinic acid were added prior to harvesting 
and  the culture kept  agi ta ted  during the harvest ing period. The washed cells were 
stored at  - - I 5  ° prior to disintegration.  Optimally active cells assmncd a dee[, red 
colour when frozen at  - - 1 5  °. Cells grown under  more highly aerobic conditions were 
genorally less sa t is factory  in the later stages of purification, 

Disintegration p~oca~h~res 

(I) Crushing. The frozen cell masses wore crushed without  the use of abrasive 
in a HUGHES' press 7 modified to accommodate  7 ° g of cells; the cylinder measured 
4 cm in diameter.  The press was operated by drop'ping a steel weight of 50 kg a 
distance of x.8 m down a pipe mounted  above the piston. The crushed cells were 
homogenised in two volumes of ice-cold o.o66 M sodium potassium phosphate buffer 
pH 7.2o in a glass Pot te r -Elvejhem homogeniscr. Approximate ly  I m g  of crystalline 
deoxyribonuclease was added to 500 ml of the buffer to reduce the viscosity of the 
homogenate .  The mixture  was aUowed to s tand [or 6o rain at  20 prior to centrifuging. 

{2) Ultrasonia treatment. Suspensions of whole cells or cellular f ragments  were 
t rea ted  with the Mullard-M.S.E. ultrasonic cell disintegrator (75 W at  x 9 kc). Sus- 
pensions (I5 ml, 5oo mg/ml wet wt.) were placed in a glass pot supported in an ice 
ba th  at  o--2 °. Opt imum disruption was obtained with a 314-in stainless steel s tub 
immersed 1/8 in. below the surface of the suspension. Times of t rea tment  are indicated 
in the text .  

(3) Shaking with grass beads. This method  was used for the fur ther  disruption 
of the  cell wall-membrane fraction prepared as described below. The fraction was 
suspended in o.o66 M phosphate  buffer pH 7.20 and  mixed with I o g  of 2.o mm 
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glass beads and  50 g of No. xz Ballotini beads (English Glass Co., Smethwick).  The 
final volume was made  up to x8o ml  with the buffer and  the mixture  t ransferred 
to a steel cylinder (5.x cm in d iameter  and  x2 cm high), f i t ted with an air t ight  lid. 
The cylinder w~s immersed in ice unt i l  the  tempera ture  had  fallen to x-2 ~. I t  was 
thep 7.ttaehed to the piston of a Sonomec "Wave Pulse Generator  (D & F Develop- 
ments ;  Strand,  London).  The speed was adjus ted  so t h a t  the mixture  vibrated at  
xzo c/see with a z.o-mm stroke. Vibration was cont inued until  the  temperature  
reached 2o-24 °, and the cylinder was then put  quickly into ice. In experiments  to 
be published fully later, it will be shown t h a t  a t  the speed used in this method,  
cavi ta t ion is induced in the liquid by  the vertical shaking movement  ot the cylinder. 
The in tens i ty  of tile cavi ta t ionai  energy released is dependent  on the height  of the  
liquid in the cylinder and  the amoun t  of suspended material .  I t  has been found tha t  
the in tens i ty  of cavi ta t ion grea t ly  el!eels the rate  a t  which mater ia l  is dis integrated 
and tha t  the tempera ture  rise is the most  convenient  indication of the in tens i ty  of 
cavitat ion.  Measuring the  tempera ture  rise enabled the degree c,f rupture  to be con- 
trolled in a reproducible fashion. 

SMi~enta t ion  

This was observed in a Svedberg oil-turbine ultracentrifuge,  equipped with  
B.tLr)WIN's ~ modification of the diagonal-schlieren optical sys tem of Pn~LPOT 9. 
Measurements were usually made at  a rotor  speed of 6oo rev./see, and  the rotor  
temperature  was usu.~lly 24-~6 e. Sedimenta t ion coefficients were computed  b y  the 
method  of CgcIr- Arid OC.SrON "-e. Material  which sedimented at  a s.. o of 4 ° is referred 
to in the tex t  as the 4o-S particle (c]. $CHACHM,tN, PARDEE AND ST:kNIIV..Rll). 

Eleatrophoresls 

This was perforroed in a Hilger U-tube Tiselius appara tus  according to the  me thod  
of OGSTON AND TILLEY lz. The ba th  temperature  was z% Buffer concentrat ion and 
other details are indicated in the text .  

Za~,e electropl, oresis in a sucrose dens i ty  gradient  was carried out  by  the technique 
of SVENSSON, H:~GDAttL AND LEIINER lz in an  L K B - t y p e  apparatus .  The dens i ty  
gradient  was produced in a constant  volume mixer of the type  described by  B e c k  
,t_-,-~ LoxG lt. The upper container  of the mixer held buffer alone and  the  lower IOO ml 
of 0.4 M sucrose in buffer, producing a gradient  between 0.4 M and 0.2 M in a vohame 
of 70 rot. In  the eleetrophoresis apparatus ,  this gradient  was supported on a solution 
of o.8 M s::cro~.e in the same buffer. The top of the electrophoresis column above 
the gradient,  and  tile anode v~se !  were filled with pure buffer solution. The sample 
(40-5 ° m g  protein) dissolved in 0-5 M sucrose was in}ected at  the junct ion of the 
gradient  and  the  support ing o.8 iV/ sucrose through a glass capil lary fused into tile 
bo t tom of the column and ending precisely at  the  gradient  junct ion.  A glass hypo-  
dermic syringe was connected external ly  to tile capillary and  the sample in the  
syringe moved into the  junct ion space by ro ta t ing  a micrometer  in contac t  wi th  the 
plunger. By  this means it was possible to control the intxoduction of the sample a t  
the interface of the gradient  arm support ing layer  wi th  ease and  precision. The 
appara tus  was erected in the  cold room a t  3 ° and  all solutions and  glassware were 
cooled to this tempera ture  before use. After  injection of the sample 15 min were 
allowed to elapse and  then  a voltage was applied across the column from a stabilised 
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supply. At the end of the run the gradient  was run out of the column through the  
capillary into an au tomat ic  fraction collector, and  the samples analysed. 

Electron mi,rosccrpy 

Samples for electron microscopy were di luted in water  and  fixed in 0.2 % osmium 
tetroxide in o.oz M phosphate  buffer pH 7.o. Fixed samples were transferred to 
F o r m v a r  or carbon-coated grids and  dried under  infra-red illumination, after removing 
excess material .  Dried grids were washed in water  and examined with a Siemens 
Elmiskop model i ins t rument .  

Enzyme assays 

Oxygen up take  was measured in conventional \Varburg apparatus  at  3 o°. 
React ion vessels conta ined  5o #moles of potassium nJcotinate or succinate, I.O mt 
of o.o66 M sodium potassium phosphate  buffer pH 7.2% and enzyme in a final volume 
of 2 .o  ml. 

Nicotinic acid hydroxylase  ac t iv i ty  was measured spectrophotometrical ly by the 
reduction of ferricyanide. React ion mixtures  contained 3o/ ,moles  of potassium ferri- 
cyanide,  enzyme,  and sodium potass ium phosphate buffer pH 7,2o in a final volume 
of 3.o ml. Reduct ion was followed at  45o m #  in a Cary recording spectrophotometer  
wi th  the reference cell containing the same const i tuents ,  bu t  with water  replacing 
nicotinate.  The uni t  of ac t iv i ty  is described as the reduction of I /~mole of ferricyanide 
in ~o rain at  ~5 °. 

The reduction of 2,6-dichlorphenol-indophenol was foUowed similarly at  600 m/t, 
using the system described b y  GREEN et al. 1~ for the succinic acid dehydrogenase 
system. This method  was used to assay nicotinic acid hydroxylase  ac t iv i ty  and suc- 
cinic acid dehydrogenase ac t iv i ty  in fractions separated by densi ty  gradient  electro- 
phorcsis. React ion mixtures  contained 3o/xmoles of D,~tassium phosphate pH 7-4, 
x. 5 mg of serum albumin,  6/~moles of potassium cyanide,  30/ ,moles  of potassium 
nicot inate  or sueeinate, 3 t *moles of disodium eths,lenediamine te t raaceta te ,  60/~g of. 
dye and enzyme solution in a total  volume of 3.0 m i  These quantit ies were scaled 
down to a final volume of 0.8 ml for use in the micro cells. The reaction was s tar ted 
by the addit ion of enzyme and dye reduction determined against a blank cell con- 
taining water instead of substrate.  The unit  of act iv i ty  is defined as the reduction 
of x gmole of dye/rain :tt 25 ~. Ra~.:.s we:x; determined on the finear portion of the 
recording. 

ClJamical delarmina~icn$ 

Total  nitrogen was determined by  a micro Kjeldahl  method.  Protein was deter- 
mined with the Folin-Ciocalteau reagentxL Total  RNA was measured by  the reaction 
described by  MEJI~.xu~i xT, and  DNA by the diphenylamine method  of DISCHE m as 
modified by BURTO,~ 19. Lipids were ext racted with hot 95 5o ethanol,  re-extracted 
into chloroform, washed, and dried to constant  weight i~ vacuo. 

R E S U L T S  

Distribtttio~ o] at;tivity i~ whole homog~,ates 

(I) Crushed aells. Whole homogenates of crushed cells prepared as described were 
centr ifuged at  6o,ooo x g for 45 rain in Rotor  3o of the Spinco ultracentrifuge. The 
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insoluble cellular mater ia l  sed imented  on ly  with diff iculty a t  lower speeds, bu t  under  
thesd condi t ions separa ted  cleanly into par t icu la te  layers,  below a clear yellow super-  
na tan t .  The former conta ined  two ma in  cons t i tuents ,  a heavier  brown-pink layer,  
and  an upper  br ight  p ink layer.  Af ter  removal  of the supe rna t an t  the upper  layer  
could be separa ted  into  fresh buffer wi th  the aid of a curved spatula .  This ma te r i a l  
was then  rehomoge~ised,  recentr i fuged a t  25,ooo x g for 45 rain. and  then resus- 
pendcd in half the original volume of fresh buffer. 

In the electron microscope, the lower layer  consisted of some residual whole ceils 
toge ther  with damaged  cells from which a large proport ion of the  int~aeellular 
mater ia l  had  been removed.  Whils t  re ta ining the  shape of whole cells, these forms 
were less den,~e to the electron beam and  cast a lmost  no shadow. The upper  layer  
appeared to consist  of more or less in tac t  t r anspa ren t  shells of whole organisms,  
conta in ing va ry ing  a m o u n t s  of residual  intracel lular  mater ia l  (Fig. I}. Tbis f ract ion 
corresponds to the cell wal l -membrane  fract ion men t ioned  elsewhere in the  t ex t .  

The dis t r ibut ion of ac t i v i t y  and  the  compoMtion of these fract ions is ind ica ted  
in Tables I and  II .  The cell-free s u p e r n a t a n t  f ract ion con ta ined  5-xo % of the to ta l  
nicotinic acid hydroxy lase  ac t i v i t y  of the  whole ex t rac t .  This a c t i v i t y  could be 
sed imcnted  by fur ther  centr i fuging at  r4o,ooo :< g for IZO rain, in the  form of a red 
pellet. The resuspended pellet had  on ly  one th i rd  of the  specific a c t i v i t y  of the  cell 
wall-naembrane fract ion and  conta ined  large a m o u n t s  of RNA.  In  the  ana ly t i ca l  
centrifuge,  the  original s u p e m a t a n t  showed large slow moving  peaks  in add i t ion  to  
several  fas ter  peaks, the  largest  of which sed imented  at  40 S (Fig. 2, see page 360). 
These cons t i t uen t s  have been described previous ly  in this  and  o ther  organisms by  
SCItACHMAN, PARDEE AND S T A N I E R  11. 

TA]3LE I 
D I S T R I B I d ' r l O N  O F  ACTIVIT~t"  IN W H O L E  t t O M O G ~ N A T E , ~ i  O F  C R U S H E D  C E L L S  

t:ructton 7 cda! ,%" × 6-~5 Toted ~tnils Specilie activity 
tug'rot ~ ,~r -~ ( U m t s / m g  ?¢ x o,~.'i) 

W h o l e  e x t r a c t  71 ,o 790 1 3 . °  
S u p e r n a t a n t  4 8 -4 4z  2.o 
Cell  w a l l - m e m l w a n e  f r a c t i m l  4 8 . 7  680  42 .0  

T h e  w h o l e  e x t r a c t  w a s  o b t a i n e d  b y  h o m o g c n i s i n g  2 o o  g o f  c r u s h e d  cell.*; ( w e t  w t . ) .  U n i t s  r e p r e s v n ~  
t o t a l  a c t i v i t y  o f  t h e  f r a c t i o n  b a s e d  o n  f e r r i c y a n i d e  r e d u c t i o n ,  

T A B L E  l I 

C O . M P O S I T I O N  O F  ' A ' H O L E  ~ X T R A C I ' 5  A N D  F R A C T I O N S  I t R O M  C R U S H E D  C E L L S  

l".xperimeJ:t .'~ x t ' , ,z5  It,%'A I JNA  L l p i d  Dry  u.,~it:ht 

] A 77.0 9 .7  ° 0 ,60  I t , o  
13 5 ' • 2 7 .6o o . 5 8  3-4 
(; 43-0 6 .80  o , o  16 .o  

2 A 79 .0  14.o  o , 5 o  16,9 
!-~ 44 ,o  0 .25  o ,45  x .88 
C 53.0  6 .05  o , o  -*2. 7 

96 

1 : 8  

A, VVhole e x t r a c t ;  13, S u p e r n a t a n t :  C. Celt  w a l l - m e m b r ~ n e  f r a c t i o n .  

J l e f i r c , w ~ s  p .  ,1711 j 7  e .  
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Fig. x. Electron micrograph of the cell wall-membrane fraetiom Shadowed with platinum. 
Magnification t o,t)oo x.  

Tile cell wall-membrane fraction contained the bulk of the hydroxylase  act ivi ty .  
This mater ia l  contained 50 % protein, x6-z8 % lipid, 5--7 % RNA, and  trace amounts  
of DNA. The remaining material  is most likely carbohydra te  but  this was not assayed. 
The lipids gave a strong reaction for "masked  lipid", and  are therefore probably 
associated with  protein as lipoprotein a°. The composition and  appearance of this 
fraction closely resembles the cell-wall and  protoplast-membrane s tructure of other 
Gram negative organisms 21, except for the high concentrat ion of RNA (see DaS- 
CUSSIObI). 

(2) Ul t rason ica l ly  d i s r u p t e d  cells. The distr ibut ion of ac t iv i ty  in extracts  of cells 
d is rupted  ul trasonie;[!v was similar to tha t  in crushed cells, except tha t  increased 
t ime of t r ea tmen t  k ,.j t,~ increased disruption of the larger cell f ragments  into small 
f ragments  which were not  sedimented at  20 ,ooo  ".'. - for 45 rain. The exper iment  
described in Table I I I  was performed with the Mullar~l-M.S.E. disintegrator  working 
a t  considerably diminished output .  In the shortest  t ime interval, the bulk of the 
hydroxylase  ac t iv i ty  sedimented in the damaged whole cell layer. Increasing t ime 
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F ig .  2. S e d i m e n t a t i o n  p a t t e r n  of  t h e  s u p e r -  
n a t a n t  f r o m  c r u s h e d  ce l l s  in  0 .066  31 s o l u t i o n  
p o t a s s i u m  p h o s p h a t e  b u f f e r  p H  7.2o. P h o t o .  
g r a p h  t a k e n  a f t e r  2~ , n i n  a t  050  r e v . / s e c ,  b a r  
a n g l e  t 5% r o t o r  t e m p e r a t u r e  24.4 °, s e d i m e n t i n g  

lef t  t o  r i gh t .  T o t a l  N :g 6.25,  x2.o m g / m l .  

F ig .  3- S e d i m e n ~ t i o n  p a t t e r n  of  "th~ s u p e r -  
n a t a n t  f r o m  ce l l s  d i s r u p t e d  b y  u l t r a s o n i c  
v i b r a t i o n  for  30  r a in .  P h o t o g r a p h  t a k e n  a f t e r  
27 r a i n  a t  750 r e v . / s e e ,  b a r  a n g l e  z5 °, s e d i m e n -  
r i n g  r i g h t  t o  lef t .  T o t a l  N x 6.~-5, 25  m g / m l .  

i!iiiiii!i!ii ¸ 

F o r m v a r  g r id ,  u n s h a d o w e d , .  M a g n i f i c a t i o n  <~,4oo × .  " '.:i: " 
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"l" A B I.i£ t l l  

DISTRIBUTION OF ACTIVITY tN EXTRACTS OF CELLS DISRUPTED BY ULTRASONIC VIBRATION 

~1~=#~:e '~10,e~¢tmertt f ,::i,I) 
t , ':,~¢Mon 

7 z 5  i'~ 

~A'iaole e x t r a c t  36-" 53-3 37. ° 
Supe rna . f an t  6.0 2o.o 30.0 
U p p e r  p i n k  l a y e r  0.o 9-4 4.98 

S u s p e n s i o n s  of w|~ole cells (.5 g we t  wt .  in ro .o  a l l  in o .o60 .~l plm.~phate buffer  were  s u b i e c t e d  
t o  v i b r a t i o n  lo t  t i m e  i n t e r v a l s  as  i nd i ca t ed ,  t h e n  cen t r i f t , ged  ~t . o , o o o  ~ g for 3o m i n  a t  z °. 
T h e  u p p e r  p i n k  l a y e r  was  rerr~oved a n d  r e s u s p e n d e d  in buffer.  T h e  h e a v i e r  r e s i d t l ~ c o r ~ a i n i n g  
w h o l e  a n d  d a m a g e d  cel ls  was  d i sca rded .  U n i t s  r e p r e s e n t  t o t a l  a c t i v i t y  of  t h e  f r a c t i o n  ba sed  on  
f e r r i e y a n i d e  r e d u c t i o n  (X lo-~).  

o f  t r e a t m e n t  g a v e  i n c r e a s e d  y i e l d s  o f  t h e  u p p e r  p i n k  I ; t y e r  a n a J o g o u s  t o  t h a t  o b t a i n e d  

i n  c r u s h e d  e x t r a c t s ,  w h i l s t  a f t e r  3 0  r a i n  m o s t  o f  t h e  c e l l u l a r  m a t e r i a l  h a d  b e e n  

" ' s o l u b i l i s e d " .  T h e  u l t r a c e n t r i f u g e  p a t t e r n  o b t a i n e d  f r o m  t h e  s u p e r n a t a n t  o f  cell.~ 

t r e a t e d  f o r  3 o  m i n  is  s h o w n  in  F i g .  3.  F i v e  w e l l  d e f i n e d  c o m p o n e n t s  w e r e  p r e ~ e n t  

i n  t h e s e  e x t r a c t s ,  s e d i m e n t i n g ,  u n c o r r e c t e d  f o r  c o n c e n t r a t i o n  a t  s.~0 ~ 3 1 ,  27 ,  x9 ,  

I 3 . 5 ,  a n d  3-23- 

.... ~ ~.,~~~o . ~. ~" 

.... : .  < ~ { ~ . . . , . : z ( 3 ~  ~ -~  

Re/erenves p. 371/372. 

- -versene  t r e a t e d  cel l  f r a c t i o n :  w a | l L m e m b r a n e  shadowed 
with platiz-,m. Magnification 7,3o0 ×. 
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Fig .  7. E l e c t r o n  m i c r o g r a p h  of  a pu r i f i ed  46 S ~ r ~ i ~ l : ~ : : p r ~ i 0 n :  : C a r b o n - c o a t e d  gr id l  s h a d o w e d  
wi th  p l a t i n u m .  M a g n i f i c a t i o n  to3 ,50o  × .  

Properties o~ tho cell ~call-mambrane /raotion 

In view of the  fact t ha t  mos t  of the  nicotinic acid h y d r o x y l a s e  a c t i v i t y  was 
associated with  this fract ion in crushed cells, the  na tu re  of this  mater ia l  and  the  
effect of fur ther  d is in tegra t ion  procedures on the  d i s t r ibu t ion  ot ac t iv i ty  was in- 
ves t igated.  

Localisation o] dehydrogenase activity. Both  whole cells and  the  cell wa l l -membrane  
fract ion rap id ly  reduce te t razol ium der iva t ives  in the  presence of nicotinic acid. The 
pink reduced form of the  dye is depos i ted  as d a r k  polar  granules  in whole cells, and  
in more diffuse areas on the  la t ter .  In the presence of cobal tous  ions, t he  3-(4,5-di- 
methyl th iazoly l ) -2 ,5-d iphenyl  t e t razo l ium der iva t ive  forms a cobal t  complex when 
reduced, which is depos i ted  wi thou t  diffusion a t  the site of reduct ion  *z. The cobal t  
compound  is also very  dense to electrons. In n icot ina te-grown cells, reduct ion  of this  
derive.five gave deposi t ion appear ing first as p in-poin t  areas in the  celt wail (4,-8/ceU). 
As reduct ion progressed, the  granules coalesced a n d  became bipolar. W i t h  the  cell 
wal l -membrane  fract ion cobal t  fo rmazan  was depos i ted  in from z -8  granules on the  

Re/eve~2ces p. 37!/ ,~7 2. 
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s t ruc tu re  (Fig. 4). The  course of reduc t ion  was followed by  s topping  the  reac t ion  
by  the  add i t ion  of 2 % osmium te t rox ide  or  formal in  at  var ious  t ime  intervals .  In  
the  e lec t ron  microscope,  no significant  difference was found in the d is t r ibu t ion  of 
granules  f rom 5 sec to 5 rain a f te r  mixing.  No reduc t ion  or deposi t ion occur red  in 
the  absence  of n ico t ina te .  

The, ~e ,g  o/lysozym~. The  cell wail-mere: ,rune suspension was d i lu ted  in o.2 M 
t r i s h y d r o x y m c t h y l a m i n o m e t h a n e  buffer  pH  8.o to give an opt ical  dens i ty  of o.98 
a t  5o0 m~.. To  3.o ml of suspension were then  added 0.2 ml of o.o5 g f  d isodium 
e thy t ened i amine  t e t r a a c e t a t e  (Versene), 4o #g cry.~talline lysozyme (Armour  I .abora-  
tories) ,  and  wa te r  to  a final vo lume of 4.0 ml. Controls  wi th  no ly sozyme  or  versene 
were included in each exper imcn t .  The  mi x tu r e  was then  incuba ted  a t  e i ther  o ° or  3 °°  
un t i l  t he  opt ica l  dens i t y  had  fallen to  a cons t an t  level. The  suspensions were then  
cen t r i fuged  for  30 rain at  15,ooo :. g at  o "~' and  hyd roxy l a se  ac t i v i t y  was d e t e r m i n e d  
in the  s u p e r n a t a n t  and  the  residue in the usual  manue l .  Incuba t ion  of the  suspensmn 
a t  3 °o with i y sozymc  and  versene  caused a r ap id  fall in the  optical  densi ty ,  reaching 
a c o n s t a n t  level of o.5 a f t e r  8 -1o  rain. Under  these  condi t ions  the  to ta l  a c t i v i t y  was 
re leased in to  the  s u p e r n a t a n t  f rac t ion.  No changes  were observable  in the presence 
of versene or l y sozyme  alone, i ncuba t i on  of the  comple te  m i x t u r e  at o ° decreased 
the  r a t e  of op t ica l  dens i ty  change,  bu t  the  same cons t an t  level  was reazhed a f te r  
5o rain. In  th i s  case, however ,  no  h y d r o x y l a s e  ac t i v i t y  was rele~L~ed in to  the  super-  
n a t a n t ,  the  res idual  a c t i v i t y  ma te r i a l  re ta in ing  the  to ta l  a c t i v i t y  of the  or ig in~  
p repa ra t ion .  In  the  e lec t ron microscope,  no significant differences could be observed  
be tween  the  res idual  ma t e r i a l  a f t e r  t r e a t m e n t  a t  e i ther  o ° or  3o ° (Fig. 5)- In bo th  
cases m u c h  ma+.erial had  been r e m o v e d  f rom the original s t ruc tu re  giving the  ap- 
pea rance  of f r a g m e n t e d  ghos t s  ob ta ined  f rom lysed p repa ra t i ons  of Bacill,,s me~a- 
terium pro top l a s t s  2a. I t  is of in te res t  t h a t  p, ~paraOoa.~ ob ta ined  f rom cells grown on 
succhfic acid ins t ead  of i~icotinic were more  res is tant  to lysozymc t r e a t m e n t  than  
the  co r r e spond ing  n i c6 t ina t e  cell mater ia l .  

A l though  suspensions  of whole cells aL~o decreased  in opt ica l  dens i ty  with 
l y sozyme  t r e a t m e n t  (cfi REP,XSKE"a), it  was not  possible to ob ta in  p repa ra t ions  which 
r e sembled  protopla~%s in appea rance  or  behav iour .  

Treatment with ¢dtrasonic energy. Severa l  workers  have subj e r red  var ious  fract ions 
of micro-organisms,  p repa red  unde r  a va r i e ty  of condi t ions ,  to  fu r the r  d is in tegra t ion  
p rocedures  in the  search for smaller  sub-un i t s  ea-~-7. F u r t h e r  t r e a t m e n t  with ul t rasonic  

T A  t~LI~ IX." 

T H E  I ~ F F E C T  O F  U L T R A S O N I C  % ' I I 3 R A T I C ' N  O N  T I l E  C E L L  ~ L V A L L - M I ¢ . M B R A N F ;  F R A C T I O N  
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S u s p e n s i o n s  ( [ o  m l )  o l  t h e  c e l l  w a l l - m e n H ~ r a n e  ~ r a c t l o n  (30 m g  • O , J s / m l )  w e r e  s : l b j e c t e d  t o  
v i b r a t i o n  a s  d e s c r i b e d  u n d e r  MF.THOIJS, f o r  t h e  t i m e  i n t e r v a l s  i r a , t e a t e d .  H v d r o x y l a s e  act ix. ' i ts"  
w a s  a s s a y e d  in  t h e  w h o l e  f r a c t i o n .  T h e  l a t t e r  w a s  t h e n  c e n t r i f u g e d  a t  2 o , 0 o o  × g fo r  30  r a i n  a t  z% 
F i g u r e s  r e p r e s e n t  t o t a l  u n i t s  tff t l l e  f r a c t i o n  b a s e d  o n  I e r r i c y a n i d e  r e d u c t i o n .  
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energy comminuted  the larger celt f ragments  into much smaller f ragments  of a wide 
range of sizes grading do~aawards to mater ia l  sedimentable  only at ul t racentr ifugal  
speeds. 

Similar results are ob ta ined  when the coll wal l -membrane fraction of P. fluoresce.us 
is sub jec ted  to  ul t rasonic  energy wi th  the  Mullard-M.S.t~. disintegrator.  Under  all 
condit ions such t rea tment  led to considerable and  irreversible inact ivat ion of nicotinic 
acid hydroxylase  act ivi ty .  After  t rea tment ,  the  fraction which sedimented a t  
25,ooo ,'< g contained f ragments  of d is in tegra ted  cell wal l -membrane material .  The 
ac t iv i ty  not  sedimertted at  this speed could be deposi ted  b y  fur ther  centrifuging a t  
x4o,ooo :< g. These small particles had  approx imate ly  the same ac t iv i ty  as the  larger 
fragments,  and most  p robab ly  represent  highly comminu ted  f ragments  of this 
material.  

In  the  ultracentrifuge,  the orange-yellow superna tant  ob ta ined  after  xo rain 
t rea tment ,  followed b y  centrifuging at  15,ooo × g, showed rapid ly  moving poly- 
disperse componerlts,  and a s!ow peak  of soluble protein. In  very  short  t ime experi-  
ments  (2~ 3 rain), a component  sediment ing a t  4 ° S could also be demonst ra ted .  The 
yield of this componen t  varied grea t ly  in several  exper iments  due to the  difficulty 
in controlling accura te ly  the  cavi ta t ional  energy released in short  intervals.  

Shaking with glass beads. The above exper iments  indicate tha t  labile componen t s  
sllch as 4o-S particles are rapidly  des t royed  b y  ultrasonic v ibra t ion  under  these 
conditions. Destruct ion is more rapid than  in whole cell prepara t ions  where soluble 
protein most  p robab ly  prevents  denaturat ion.  Considerably higher and more  re- 
produceable yields of 4o-S component  were obta ined  b y  the  relat ively milder t rea t -  
ment  of shaking wi th  glass beads. Under  these condit ions the yie ld  of enzyme ac t iv i ty  
released into the  superna tan t  was low and roughly comparable  with the yield of 
4o-S particles. The cell wal l -membrane fraction was little damaged  b y  this  t r ea tmen t  
and retained more than 95 % of the original ac t iv i ty .  I t  was found possible to control  
the release of cavi ta t ional  energy in large scale exper iments  using the Sonomec W a v e  
Pulse Genera tor  described under  M E T H O D S .  The superna tant  obta ined af ter  t reat ing 
the fraction in this w a y  and centrifuging a t  25,ooo x g, showed a single fas t -moving 
component  scdimenting at  40 S, together  with a small slo~ moving peak  of soluble 
protein. Only trace amoun t s  of polydispcrsc f ragments  could bc detected.  The rat io 
of 4o-S component  to soluMc protein was  much higher than in the original high speed 
superna tant  of the whole homogenate .  

Association o/enzyme activity with 4o-S particles 
The nicotinic acid hydroxylase  ac t iv i ty  in the superna tan t s  of crushed-ceU 

homogenates  is sedimented at  speeds capable  of deposit ing 4o-S particles.  In addit ion,  
hydroxylase  ac t iv i ty  was l iberated together  with 4o-S particles when the cell wall- 
membrane  fractiem was sub jec ted  to disrupt ion with glass bead:~. This p rompted  
further  studies on the association of ac t iv i ty  with 4o-S particles. I t  was found more  
convenient  to prepare large quant i t ies  of the  pure particles from the cell wall-mem- 
brane ext rac ts  ra ther  than from the superna tan t s  of the  original supcrna tan t  of the 
whole homogenate ,  because of the much smaller amounts  of soluble protein associated 
wi th  the former. 

Ptepamlio~z o/4o-S particles. The procedure used for large scale preparat ions  is 
i l lustrated in Fig. 6. After  shaking with glass beads, the cell wal l -membrane fraction 

J2elevenees p. 3711~72. 
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~8o m l  ce l l  w a l l - m e m b r a n e  ~ u s p e n s i o n  ( [ o o  m g / m i  d r y  wL.) 

S o n o m c c  v i b r a t i o n .  1 - 2  r [ l in :  
25,0OO "< ~", 45 lr t i t l  

R e s i d u e  s t o r e d  o r  % u p e r n a t a n t  
t r e a t e d  a g a i n  

' i 

l i e d  p e l l e t  
h o m o g e n i s e d  ( r e  ml )  

i 

L e e , c o o  x g, r 5 r a i n  
. 

F 
i 

I l d.o,ooo g, 9 0  x l t l i n  

i 
. % u p c r j a ; L t ~ t n t  

d~ ~ c a r ( ! c d  

R e s i d u e  d i s c a r d e d  S u p c r n , ~ t ~ n t  4o-S  
p a r t i c l e  p r e p a r a t i o n  

F i g .  6 

was separated from glass, and  centrifuged at 25,ooo :.: g for 45 rain. The supernatant  
ob ta ined  was usual ly bright  yellow-green in colour and  had a slight turbidi ty .  A red 
gelat inous pellet sedimented from this superna tan t  on centrifuging a t  I4o,ooo :< g 
for 9 ° rain. The red pellets were homogenised in small vol'ames of fresh ice-cold buffer, 
pooled and  re-centrifuged a t  zoo,o0o × g for z 5 rain. Tim residue was discarded and 
the  superna tan t  used as the 4o-S particle preparation.  The la t ter  was orange yellow 
to  transmit-t~d light and  exhibi ted a marked  Tyndal l  effect. For  preference of puri ty  
no a t t e m p t  was made to obtain quant i ta t ive  yields of particles from Sonomec supcr- 
na tan t s ,  Approximate ly  I -  3 30 of the nicotinic acid oxidase ac t iv i ty  of the  cell wall- 
membrane  fraction could be obtained in the form of 4o-5 particle preparat ions in 
the  first Sonomec t rea tment .  Actual  yields averaged 200 mg dry  wt. from iS-zo  g 
d r y  wt.  of parent  material .  

Properties o/4o-S particle prcparatiom. The composition of these preparations 
is shown in Table V, and  comparat ive activit ies with various substrates,  and electron 
acceptors, and with other  cell fractions in Table VI. The 4o-S particles from nicotinic 
acid-grown cells, oxidised nicotinate,  succinatc and  malate, the la t ter  at  barely 
detectable  rates. In several preparations nicotinate and succinate were oxidised at  

T A 13 Llr~ V 

C O M P G 3 I T I O N  O F  4 0 - ~  P A R T I C L E  P R E P A R A T I O . ' q  

E.rp*ri . l t~t t  I;'otit~. prt>teD~ R N A  L i ~ M  Dry" :~ t, 
Jt:g.~tl r~|~'Op~, . r '~ '?JZl ;,blg..ro|l 

i a  z3 .8  4 .03  --- 
i b {~. 7 t .S,~ 
2 xo .5o  3 .o5  . - -  - -  
3 If~.3 + 0 5  6.4 3 ° 
4 t 7 . o  9.1 . . . .  
5 t 4 . 4  7 .6 - -  - " 

E x p e r i n ~ o n t s  4 atnd 5 w e r e  p r c p - ~ r a t i o n s  f r o m  cel!~ grnv. '~  ~m z t ] c c i n a t e  i n w t e a d  o f  n i c o t i n a ± e ,  
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T A I ~ L E  V 1  

COMPARATIVE ACTIVITIES OF ~O-~  I~ARTICLE PREPARATIONS AND OTHER CELL FRACTIONS 
FROM CR' IUSH~I . )  CE.LL5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . : ; : } 3 c P w  o . y ~ .  Fe~Ficya,tide 
.................................. 
Xicolimde Sper. act. Ni¢otDzat¢ Spry, act, S~*ccimzte sprc. a¢t, Nic~tl'lJale Spec, act, Sucginale Spee. ad.  

1 . 1 3  5 8  0 . 7 o  

o (} e 

2 . 6 o  4 o  O , 7 6  

O.I  5 2 . 3 0  o . I  4 

F i g u r e s  r e p r e s e n t  t r a i t s  o f  a c t i v i t y  p e r  m i  w i L h  n i c o t i n a t e  o r  s u c c i n a t c ,  a n d  t h e  c o r r e s p o n d i n g  
specific activities b~sed on total N >: 6.25. Activities with oxygen are t, moles of oxygen uptake] 
ml]h, corrected for blank respiration. Activities with oxygen and z,6-dichlorophenol-indophenol: 
(2,O-DCt'IP), in the high speed supernatant were insignificantly higher than the blank values. 

equal  ra tes  whilst the pa ren t  f rac t ion  oxidised n ico t ina te  t h ree  t imes  more  r a p i d l y  
than  succina, te, I t  is also of in teres t  t ha t  the  h y d r o x y l a s e  e n z y m e  reac t s  th ree  t im es  
more  rap id ly  wi th  indophenol  dyes  t h a n  does succinic d eh y d ro g en ase  for  the  same  
ra te  of oxygen  up take .  

P r e pa r a t i ons  f rom cells g rown on n ico t ina te  i nva r i ab ly  c u , t a h m d  -~o-25 % R N A  
re la t ive  to  pro te in  (i2.  5 % d ry  weight) ,  whilst  those  i t e m  succ ina te  g rown cells con-  
t a ined  35 °3 RNA,  re la t ive  to prote in .  On a d r y  weight  basis the  remain ing  con-  
s t i t ucn t s  can be accoun ted  for  in t e rms  of p ro te in ,  and  lipid. 

In the  e lec t ron microscope,  the  p r epa ra t i ons  consis ted  of spher ical  bodies  
averaging i o o - 4 o o  rot,  in d i ame te r  (lqg. 7, scc page 36z) in agreement  wi th  the  f indings 
of o ther  workers .  P repa ra t ions  aged 24 tl or more  also con ta ined  aggrega ted  par t ic les  
in the form of i r regular  c lumps and rod-like s t ructures .  

In  the - I t racen t r i fuge ,  mos t  p repa ra t ions  showed a single peak  wi th  sedimen-  
t a t ion  coefficients ranging  be tween  30 S mid 44 S depend ing  on concen t r a t i on  (Fig. 8). 
Such var ia t ion  in s ed imcn ta t ion  coefficient has  p rev ious ly  been fo u n d  in cell-free 
ex t r ac t s  of A erobacter azrogene,~ b y  SYKES 2s. A small  a m o u n t  o / c o l o u r d  po lydisperse  
mater ia l  s ed imen ted  rap id ly  at  the  beginning of all s ed imen ta t ion  runs .  In  o rde r  t o  
ascer ta in  whe the r  this  mate r ia l  was responsible  for the  ac t i v i t y  in the  whole  p repa -  
ra t ion,  comple te  separa t ion  of the polydisperse  co m p o n en t  was car r ied  ou t  in the  
separa t ion  cell of the  Svedberg  centr i fuge.  Sed imen ta t i on  was c o n t i n u e d  un t i l  t he  
4o-S peak  had  moved  at  least  one - th i rd  of the d is tance  down the  cell and  the  fas t  
mate r ia l  ha d  m o v e d  below the  pa r t i t i on  in to  the  lower c o m p a r t m e n t  of the cell. 
E n z y m e  assays  and  chemical  de t e rmina t ions  were made  on the  s u p e r n a t a n t  f rac t ion .  
The  rat io  e l  p ro te in  to R N A  was no t  thronged b y  this t r e a t m e n t  an d  the specific 
ac t iv i ty  of the nicot inic  acid h y d r o x y l a s e  was not  a l tered,  

In the Tiselius appa ra tu s  {at p H  6.66 an d  in o.o66 M sodium po ta s s ium p h o s p h a t e  
buffer}, the  u l t racen t r i fuga l ly  homogeneous  par t ic les  s epa ra t ed  in to  two m a j o r  com-  
ponen t s  each of which ~,howed f u r t h e r  he t e rogene i ty  (Fig. 9), Reso lu t ion  wa.q less 
ma rke d  a t  p H  7.2o. 

A p a t t e r n  s imilar  to  t h a t  obse rved  visual ly  in the  Tiselius a p p a r a t u s  was p ro d u ced  

Rclcy*'~¢~.~ p .  37J  ]372 .  
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8 rain 

x8 rain 

28 rain 

38 mitt 

]Fig. 8. Sedimentation pattern of a purified 4o-S particle preparation, in 0.066 ~$I sodium potassium 
phosphate butter pH 7.2o. Sedimenting right to left, bar angle io  a, rotor temperature 23.6 °, 

at 450 rev.]see. Protein 6.7 mg/ml. 

w h e n  t h e  p a r t i c i e s  we re  s u b j e c t e d  to  e l ec t ropho re s i s  in a suc rose  g r a d i e n t .  C o n t r a r y  
t o  t h e  r e s u l t s  of  BOCK AND GILLCHRIEST ss, We o b s e r v e d  no  m a r k e d  c h a n g e  in t h e  
p h y s i c a l  s t a t e  of  t h e  pa r t i c t e s  in t he  p r e s e n c e  of  sucrose .  D r o p l e t  s e d i m e n t a t i o ~  
o c c u r r e d  to  a sma l l  e x t e n t  a t  the  i n t e r f ace  of  t he  sucrose  g r a d i e n t  a n d  t h e  s u p p o r t i n g  
sucrose  l a y e r  w h e n  t h e  s a m p l e  w a s  i n t r o d u c e d ,  b u t  th is  p h e n o m e n o n  c a u s e d  l i t t l e  
d i f f icul ty .  T h e  p r o c e d u r e  used  is de sc r ibed  u n d e r  METHODS. T h e  p a t t e r n  of  e l e c t r o -  
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Fig. 9. Tiselius elcctrophoresis diagram of a p u ~ e d  4o-S particle preparation. Photograph taken. 
after ,6 rain, dezeending boundary, 3ooV, z,25 mA. Protein concentration 4.8 mg/ml. Sodium 

phosphate buffer, o.orx M, pH 6.60. 

phoresis is shown in Fig. Io. Succinic acid dehydrogenase act ivi ty and nicotinic acid 
hydroxylasc were measured by  reduction of indophenol, and plotted as /~moles of 
dye reduced/mip/totai volume of fraction multiplied by Io s. Succinate activities were 
further multiplied by a factor of three, for direct comparison with nicotinic acid 
hydroxylase as indicated above. Total RNA in each fraction was determined by the 
absorption at 26o m F corrected for the increment due to protein at this wave-length, 
measured separately by the Folin method. The extinction coefficient used for RNA 
was that described by MAC.~S:XNIK AND CHARGAFF ao for yeast RNA, based on phos- 
phorus es t ima t ion  (ep ~ 8,7oo). A p h o s p h o r u s  c o n t e n t  of 9 % has  also been  assumed .  
i n  all expe r imen t s ,  the  R N A - c o n t a i n i n g  c o m p o n e n t  m o v e d  r ap id ly  a w a y  f r o m  the  
r e m a i n i n g  c o m p o n e n t s  a n d  was  sufficiently reso lved  to  al low a c c u r a t e  e s t i m a t i o n  o f  
its composi t ion .  This  c o m p o n e n t  c o n t a i n e d  e q ,  al a m o u n t s  of  prote.in a n d  nucleic  ac id  
a nd  is cons idered  to  be a nuc leopro te in .  On  the  a s s u m p t i o n  t h a t  this  c o m p o s i t i o n  
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Fig. x o. Density gradient zone electroph0resis pattern of 4o-S particle pret~ratious. The particle 
preparation (40 mg N × 6,25) was subjected to electrophoresis (IO mA at 5ooV) in a sucrose 
gradient in 0.066 31 sodium potassium phosphate buffer pH 6.60 for co h. Curve (A) Non-t~IA 
protein; (]3) RNA and RNA-protein; (C) Suecinie acid dehydrogenase aetiviLy; (D) Nicotinic ~eid 

hydroxylase activity. 
Re[erence," p .  37ii.372.. 



VOL. 34 (1959) SUB-CF.LLULAR PARTICLES AND ,NICOTINIC ACID HYDROXYLASE 369 

remains the same on the trailing edge of the RNA boundary,  curve A represen*s 
the difference between the total protein and the RNA protein of each fraction. Under 
the conditions described therefore, the 4o-S particle preparation" separated into three 
major  components,  a ribonucleoprotein consti tuent,  and two other protein con- 
st i tuents,  which appear to be free of RNA and to be associated with  succinic acid 
oxidase mtd nicotinic acid hydroxylase activitie.~ respectively. The lipid const i tuents  
of the whole preparation are also most likely to be associ~tted x~jth the lat ter  com- 
ponents, but  insufficient material has been available to 'al low accurate estimation. 

DISCUSSION 

Nature o~ thn cell wall-membra~ta ~faction 

In the present work we have used the term cell waR-memhrmae fraction to 
describe the  part iculate fraction which contaihs  the bulk of the nicotinic acid hy-  
droxylase ac t iv i ty  of the whole homogenate  of crushed cells, and which resembles, 
in the electron microscope, cell walls obtained by disrupt ing bacteria in the Miclde 
shaker wi th  glass beads *t. Tile use of this te rm is ,-2so intended to indicate tha t  this  
fraction, besidc~ containing material  a t tacked  by !ysozyme, normally  associated with 
cell walls, also contains the enzymic ac t iv i ty  and  the chemical composition of the 
protoplast  membrane of some Gram positive organisms a~. ffor instance, this fraction 
not  only  contains the  nicotinic acid hydroxylasc  act ivi ty  of the cell but  also has 
succinoxidase act ivi ty ,  reduced pyridine nuclootide oxidases, and the associated 
electron t ranspor t  sy~ten:#. 

Disrupt ion of tho cell wall-meanbrane fraction with ultrasonic energy completely 
des t royed the s t ructure  and released material  with the same enzymic const i tut ion.  
This mater ia l  is probably similar to tha t  called the fine-particle fraction by  other 
workers in sonically disrupted and  alumina-ground bacterial  extracts.  Such material  
is u l t racentr i fugal ly  polydisperse. A more controlled and  much more gentle t r ea tmen t  
in the  Sonomee shaker  released some x-3 % of the ~rlz)axle ac t iv i ty  and  left the 
s t ructure  apparen t ly  in tac t  microscopically. Trea tment  wi th  lysozyme a t  30 ° de- 
s t royed  the in tegr i ty  of the fraction and liberated enzyrne ac t iv i ty  into the super- 
n~tant .  At  o ° the ac t iv i ty  was retained in the residual fraction which appeared 
similar to  f ragmented  ghosts prepared from protoplasts  of Gram po.~itive organisms. 
I t  is possible in those Pseudomonas  a t  least tha t  the structure which is chemically 
described as cc!l wall, and  the s t ructure  which enzymically is associated with  the 
protoplast  membrane,  are in fact so in t imate ly  connected tha t  they  can be regarded 
as a single anatomical  structure.  

Al though we have used ~he cell wall-membrane fraction as a source of 4o-S 
particles it is most  likely tha t  such ~t mater ia l  is derived from cytoplasmic material  
occluded wittfin the structure.  I t  was not  possibie to es t imate  the amount  of occluded 
material ,  but  a fur ther  yield of particles equal in quan t i t y  to the first has been 
obta ined  on t r ea tmen t  wi th  the Sonomec for a second time. The yield was very low 
after  the th i rd  t rea tment .  At this stage the remaining cell wall-membrane s tructure 
still  re tained over 9 ° % of the original act ivi ty.  The 4o-fi particles so obtained are 
very similar in chemical composition and ac t iv i ty  to those particles which my 2 be 
isolated by  cont inued differential centr ifugation of the supernatant  from the homo- 
genate of crushed cells. 

.Re/eveners p. 37t1.~72. 
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E.nzymic, activity o / 4 o - S  particle 
The term 4o-S particles has usua l ly  been applic~t to part icles in bacter ial  ex t r ac t s  

rich in I;tNA and  which sed iment  a t  abou t  4o S in the  u l t racent r i fuge .  M a n y  au thor s  
have provided evidence t h a t  these part icles exist  in the  cy top lasm of the cell (o]. 
BIIADFIELDal).  Various types  of enzyme  ac t iv i ty  have  also been a t t r i b u t e d  to prepa- 
ra t ions  of these particles.  Thus  TISSlERES aa found  the bulk of the  succinoxidase of 
A zotobactvr vinel.a~zdii sed imented  wi th  th is  fract ion,  whils t  washed  prepara t ions  also 
carried out ox ida t ive  phosphory la t ion  ~s. BI~ADFIELD 31 has  ques t ioned  whe the r  th is  
indicates  the  existence of several  t ypes  of part icles wi th  similar s ed imen ta t ion  co- 
efficients, or whe ther  R N A  a n d  .~uccinosidase ac t i v i t y  exist  toge ther  in the  same 
particle.  However,  most  s tudies  to  da te  have  been made  wi th  grossly impure  prepa-  
rations.  COTA-ROBLES et al. 2a ob ta ined  evidence t h a t  the  hydrogenase  ac t i v i t y  
associated wi th  crude part icles was separable e lec t rophoret ica l ly  f rom the  nucleo- 
pro te in  cons t i tuent  of the prepara t ion.  WAGMAN, POLLACK AND ~VENECK a4 demon-  
s t r a t ed  tile presence of m a n y  electrophoret ic  co inponents  in a s imilar ly  crude  prepa-  
rat ion,  bu t  there  was no evidence which of these componen t s  was enzymica l ly  act ive,  
or  had  a sed imenta t ion  coefficient of 4o S. 

Bo th  nicotinic acid hyd roxy la se  ac t i v i t y  a n d  succinoxidase ac t iv i ty  are as- 
sociated wi th  the present  4o-S part icle  prepara t ions .  However ,  the  par t ic les  are less 
ac t ive  specifically t han  the  cell wai l -membrane  fract ion,  a n d  a l toge ther  represent  no 
more t h a n  Io -x5  % of the  to t a l  a c t i v i t y  in the  whole crush.  I t  is of in te res t  however  
t h a t  BILLEN" AND VOLK[N 3s ( s tudying  succinoxidase) s imi lar ly  found  the  small-  
part icle fracfion of E.  coli had  only  one- th i rd  of the  specific a c t i v i t y  of the  large- 
pax"tide fraction.  Excep t  for the  appearance  of an  occasional  22-S componen t  the  
prepara t ions  are u l t racen t r i fuga l ly  homogeneous ,  a l though  m a t h e m a t i c a l  ana lys is  of 
the  boundar ies  has  no t  been carr ied out .  Small  a m o u n t s  of polydisperse  ma te r i a l  in 
the  prepara t ions  are mos t  l ikely aggregated  particles.  Pro longed storage increases 
aggregat ion and  af te r  48 h the  prepara t ions  become vis ibly turbid .  

In the  dens i ty -grad ien t  electrophoret ic  procedure ,  the  p repara t ions  separa ted  
into a well defined inactive nucleoprotein component ,  a n d  two protein  componen t s  
devoid of nucleoprotein  and  conta in ing the  enzyme  ac t i v i t y  associa ted  wi th  the  whole 
preparat ion.  I t  mus t  be concluded therefore t h a t  t he  nicotinic acid hyd roxy la se  and  
succinoxidase part icles are themselves  of such a size and  shape as to  be sed imented  
in the  range of 4 ° S, toge ther  with the  nucleoprote in  part icles of s imilar  dimensions.  
I t  m a y  be argued a l t e rna t ive ly  t h a t  ac t i v i t y  is associa ted  wi th  "micropo lyd i sperse"  
h ighly  act ive f ragments  of the  cell wall-mcmbra--e fract ion,  not  visible in the  u l t ra-  
centrifuge,  bu t  separable f rom the " t r u e "  4o-S nucleoprote in  part icles electro- 
phoret ical ly.  The la t te r  is unl ikely  but  exper iments  designed to account  for t he  t o t a l  
mate r ia l  of the  prepara t ion  in terms of the area of the u l t racent r i fuge  peak,  are in 
progress. 

Appre :~!mate !  95 % of the  part icle prepara t ions  m a y  be accounted  Ior b y  
protein,  RNA and  lipid. If the RNA~bound protein,  as ca lcula ted  f rom dens i ty  
gra~hent exper iments ,  is subt rac ted ,  then  the enzy.m_Se~lly ~w.tive ma te r i a l  conta ins  
7 ° % prote in  and 3o % lipid compared  wi th  50 % prote in  and  x8 % lipid of the  cell 
wal l -membrane  fract ion.  This means  the act ive mater ia l  is ve ry  s imilar  to  bu t  no t  
identical  wi th  the  pro toplas t  membrane  matefia!i. 

In  connect ion wi th  the  location of the  nicotinic hydroxy lase  ac t iv i ty  a~cl the  

Reterev.ce.¢ p. 37~[372. 
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4o-S  pa r t i c l e  w i th in  t h e  celt two point.q emerge  c lear ly  fr<)ru our  work.  F i r s t l y  the  
bu lk  of t h e  e n z y m e  a c t i v i t y  is l oca t ed  in, a n d  f i rmt, '  a t t a c h e d  to,  t he  ceil w a i n  
m e m b r a n e  f rac t ion .  S e c o n d l y ,  tim 4o-5  pa r t i c l e  t o g e t h e r  wi th  some  e n z y m e  a c t i v i t y  
m a y  be i so la ted  in a f o r m  in w h i c h  a l t h o u g h  it al)pear~ as a single p e a k  in the  u l t r a -  
c en t r i fuge ,  n e v e r t h e l e s s  c a n  be s e p a r a t e d  in to  inac t ive  nuc l cop ro t e in  a n d  enzy ln i ca l l y  
a c t i v e  p r o t e i n  b y  e lec t rophores i s .  T h e r e  is an a d d i t i o n a l  po in t  wh ich  inf luences  the  
i n t e r p r e t a t i o n  of these  resul ts ,  n a m e l y  t h a t  in each  I>a~(:h of cells so far  f r a c t i o n a t e d ,  
t he  p r o p o r t i o n  of  e n z y m e  a c t i v i t y  to  R N A  was  a p p r o x i m a t e l y  the  s a m e  in the 4o-S  
p a r t i c l e s  w h e t h e r  t h e y  were i so la t ed  f r o m  the  s u p c r n a t a n t  f r o m  the  whole  mas~ o[ 
b r o k e n  cells o r  f r o m  the  t r e a t m e n t  of the  cell w a i l - m e m b r a n e  f rac t ion .  I t  w o u l d  no t  
be e x p e c t e d  t h a t  c h a n c e  a s soc i a t i on  of c~¢toplasmie R N . \  pa t t i e : a s  wi th  l~'. cos of 
b r o k e n  m e m b r a n e  wou ld  g ive  s u c h  c o n s i s t e n t  comp~).~ition, espec ia l ly  if the  c h a n g e  
in  t h e  specif ic  a c t i v i t y  of t h e  e n z y m e  is bo rne  in miud .  I t  is difficult ,  t he re fo re ,  n o t  
t o  a s s u m e  t h a t  t he  e n z y m e  a n d  the  R N A  par t i c le  are  in fac t  a s s o c i a t e d  in the  c y t o -  
p l a s m  in m u c h  the  s o m e  f o r m  as  w h e n  t h e y  are  i so la ted .  This ,  h o w e v e r ,  wou ld  m e a n  
t h a t  t he  e n z y m e  a s s o c i a t e d  w i t h  the  R N A  is a d i f fe ren t  species  f r o m  t h a t  in the  
m e m b r a n e .  The  f u n c t i o n  of  s u c h  e n z y m i c  a c t i v i t y  a s s o c i a t e d  wi th  R N A  is obscure .  
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S U M M A R Y  

x. The complex format ion  of chlortetraxzycline wi th  flavins was d e m o n s t r a t e d  
bo th  by  its quenching act ion on the  fluorescence of f lavins and  b y  the  shif t  of the  
absorpt ion spec t rum of flavins by  chlortetracycl ine,  The binding site of F A D  for 
complex format iou  with chlor te t racycl ine  is in its riboflavin part ,  

2. Chlor te t racycl ine  had  a single inhib i tory  effect on n -amino  acid oxidase which  
m a y  be a t t r i b u t e d  to the  complex format ion  of ch lor te t racyc l ine  wi th  FAD,  resul t ing 
in a cempet i t ion  wi th  the  oxidase protein for the FAD.  The  dissociat ion c o n s t a n t  
of the complex was  ca lcula ted  to be 3,9" Io  -~ M at pH 8.3 a n d  38 °. 

3- I t  was demons t r a t ed  tha t  chlor te t racycl ine  can combine  wi th  free F A D  b u t  
not  wi th  F A D  which is bound  wi th  the oxidase proteip.  This  suggests t h a t  the  b ind ing  
site of FAD for the  complex format ion  wi th  the  apo-protein is also responsible for 
the complex format ion  wi th  ehlor te t racycl ine .  

INTRODUCTION 

YA(,[ el a l .  a found t h a t  various phenol  der iva t ives  p revent  pho todecompos i t ion  of 
f iavins in ~ttucous solution.  Complex fo rmat ion  of riboflavin wi th  phenol der ivat ives  
was demons t r a t ed  hy  the quenching act ion of these  compounds  on the  fluorescence 
of riboflavin a n d  by  their  effect on the  absorpt ion spec t run# ,  3. Kinet ic  s tudies  showed 
t h a t  complox format ion  also took place between p-aminosal icyl ic  acid and  the  F A D  

A b b r e v i a t i o n s :  FAD,  f l a v i n a d e n i n e  d i n u o l e o t i d e ;  F M N ,  f l~vin m o n o p h o s p h a t e .  
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