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I. The complex formation of chlortetracycline with flavins was de;nonstratecI 
‘both by its quenching action on the fluorescence of flavins and by the shift of the 
absorption spectrum of flacks by chlortetracyc1ine. The binding site of FXI) for 
comples formation with chlortctracycline is in its riboflavin part. 

2. Chlortetracycline had a single inhibitory effect on n-amino acid oxidase which 
may be attributed to the cunpkx formation of chlortetracycline with FAD, resulting 
in a competition with the oxidase protein for the ‘FAD. The dissociation constant 
of the complcs was calculated to be 3.9-10-4 N at pH 8.3 ancl 38”. 

3. It was detnonstratcd that chlortctracycline can combine with free FAD but 
not with 1;AD which is bound with the osidase protcir. This suggests that the binding 
site of FAD for the complex formation with the apo----+cG P,vrb n is al.io responsible for 
the complex formation \vith chlortetracydine. 

YAM zl 1t1.l found that various phenol derivatives prevent photodecomposition of 
&vim ill ayileous solut !crn. hllplex fQrmac,io~~ of riboAaViT2 With pheno! derivative5 
was demonstrated lq the quenching action of these compounds on the fluorescence 
of riboflavin and by their effect on the absorption spectrum2*3. Kinetic studies showed 
that complex formation also took place between #-aminosalicylic acid and the FAD 

Xbbrex.iations: FAD, flavinadcninc dinuclcotide: FMN. flnvin monophosphate. 

J&“~Pr~‘m~.i p. 37’). 
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prosthetic group of //-amino acid oxidasc, causing an inhibition of the  act ivi ty  of 
this enzyrnO. 

Another  compound which was found to be a strong quenctler of the fluorescence 
of FAD was the antibiotic chlortetracycline, i t  appeared, therefore, interesting to 
determine whether this compound inhibited ffavoenzymc% especially since it has been 
reported in clinica2 studies to cause ariboflavinosis or an ariboflavinesis-like disea_sO -T. 

Thi~ paper deals with the effect of chlortetracycline on l~-amino acid oxidase 
in  *olt~,o. A preliminary report has appeared s. 

51:'t'|~E R I A i S  

The following preparations were used: chlortetraevcline (hydrochloride), a product of 
Lederle Ltd . ;  riboflavin, chemically synthesized and cry.~tallized preparation; FMN, 
of lederle Ltd.  ; riboflavin, chemically synthesized and  crystallized preparation ; FMN, 
sodium salt,  prepared from riboflavin with phosphoryl  chloride; FAD, obtained from 
Em, motl~ecium ast~byii by the method of Y:x~;~ ~.t al.'t The pur i ty  of this  FAD sample 
was more than  92 % as determined t~y f luorimetry and spect rophotometry;  it was 
free fronl other flavins, nucleic acids, and  metals.  D-Amino acid oxklase wa~ prepared 
by the  method  of NEt;ELElY .~U B~6,~tEI- ~", From ro hog kidneys,  90 g of acetoae- 
dried powder were obtained,  and FAD was removed by  acidification at  o.2 saturat ion 
of (NH4)2SO,, After  repeating the salting-out procedure, a c9|ourless precipitate was 
obtained and  dissolved in o.I M pyrophosphate  buffer (pH 8.3). From this solution, 
a white powder containing 6o0/zg of the oxidase protein was obtained by lyo- 
philization. 

In each experiment,  an enzyme solution containing 15/~g enzyme protein/ml was 
used. When the substrate,  t~L-alanine, was mixed with x.o m[ of the enzyme solution 
with excess FAD at 38~, the O 2 up take  wa.~ I32 ~1/3o rain. There was no O~ uptake 
in the absence of FAD. 

M E T H O D S  

~bH-l:l'uo~esce~ce ~t~'z,~ o] cl,~rh:lracycline 

Chlortetracyeline was dissolved in the appropriate buffer to give a concentrat ion 
of 2 ,1o  -5 M. Citrate buffet" (5" xo-a M) was used for experiments below pH 4, phos- 
phate  buffer (5"IO-a 3I) for those from pH 4 to 7, and monoethanolamine buffer 
{5,1o -~ M) for those above pH 7- The total  fluoresce;tce energy at  different pH's  
was measured a t  2o ~ by a fluorimeter designed by Y.u',i at al. n .  

Que~ald~g action el  cl~loeletracyclD~ on. flavi,~s 

As chlortetracycline has no fluorescence below pH 7 (Fig. I), the quenching action 
of ehlortetracycline on flavins was examined at  pH 6.0, and  at 20 °. 

Assuming tha t  the complex of chlortetracyc]ine with flavin ha.~ no fluorescence 
and  tha t  the reaction is bimolecul~r, the dissociation constant  K of tim complex will 
be presented by  the following formula:  

K = (t x) (c--x} (t) 
X 

Relere~zces p. 379. 
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w h e r e  / is t he  m o l a r  c o n c e n t r a t i o n  of f l av in , . a  is t h a t  of c h l o r t e t r a c y e l i n e ,  a n d  x . i s  
t h a t  of  a c o m p l e x .  In  t he  a c t u a l  me~ , su remen t ,  ] a n d  ([ ~ x) c o r r e s p o n d  to  t h e  in-  
t ens i t i e s  of  fluoreseel~ce in t h e  absence  a n d  p r e s e n c e  o f  ch lo r te t r :~cyc l ine ,  respee t ix ,e ly .  
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l~ ig .  J .  p l I - F h m r e s c e n c e  c u r v e  o f  c h h ~ r t e t r a e y c l i n e  C i ~ I u r t e t r a c y c l i n ~  w a s  d i s s o l v e d  i n  o . o 5  . ~  
c i t r a t e ,  l > h o s p h a t e ,  o r  , n o n o c t h a n o l . ~ m i n e  b u f f e r  t o  a f i n a l  c o n c e n t r a t i o n  o f  2 - t  o -~ 3 I .  

Measuremen t  o] the enzyme act iv i ty  

E n z y m e  a c t i v i t y  was  m e a s u r e d  b y  t h e  c o n v e u t i o n t d  V~:arburg l n e t h o d  a t  p H  8.3, 
38% T h e  gas  p h a s e  was  a i r  a n d  the  c e n t e r  wel l  c o n t a i n e d  0.2 ml  of  20 % NaOI-I.  T h e  
rea te tan t s  were  m i x e d  a f t e r  t he  t e m p o r a t u r e  e q u i l i b r i u m  h a d  been  r each ed .  T h e  
p r e s s u r e  c h a n g e s  were  fo l lowed  for  60 min  a t  i n t e r v a l s  o f  5 ra in .  

KD~etia a~alys is  

T h e  d i s soc i a t ion  c o n s t a n t  o_f F A D  w i t h  t h e  o x i d a s c  p r o t e i n  (Ix'l) was  ca lcu la ted .  
to  be I . I - I o  -7 31 b y  us ing  Michae l i s -Melx ten ' s  f o r m u l a .  

a n d  

L o t :  

q ) -  

(x) --  
(y) -= 

V ~- 

t o t a l  c o n c e n t r a t i o n  of t h e  o x i d a s e  protein,  
t o t a l  c o n c e n t r a t i o n  of F A I )  
to ted c o n c e n t r a t i o n  of t h e  i n h i b i t o r  w h i c h  c o m p e t e s  w i t h  t h e  p r o t e i n  fo r  
t h e  F A D  
c o n c e n t r a t i o n  of t he  F A l . ) - p r o t e i n  c o m p l e x  
cop : . en t ra t ion  of  t h e  i n h i b i t o r - F A D  c o m p l e x  
(hssoc ia t ion  c o n s t a n t  of t he  i n h i b i t o r - F A D  c o m p l e x  
r e a c t i o n  v e l o c i t y  in t he  p r e s e n c e  of  t h e  i n h i b i t o r  
m a x i m u m  v e l o c i t y  in t he  p rese t l ce  of  a la rge  e x c e s s  of  t h e  p r o t e i n ,  

ltelerences p. 379. 

E q- F k i .  F-F 

{e) { !  - -  x ~ y) (x) 

k s - .  

{ l  - -  ~" - -  y )  ( i )  ( y )  

T h e  ove r -a l l  r e a c t i o n  m a y  be  w r i t t e n  as  fo l lows:  
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The amoun t  of (x) is 
] *' 

x = -%f~ + i/[¢~,,) + e '  (2) 

The m a x i m u m  velocity, V, will be obtMnud when FAI)  is complete ly  bound in the 
form of the p r o t e i n - F A D  complex.  

Rear rang ing  Eqn.  (2) yields:  
I [ Ifr (~ . -  i / t f u }  -k  i'- (3} - - - -  ~ . . . . . . . . . . . .  • 

V was found to be z43 tst O,,,'3o rain in the presence, of 1.6,IO 7 J I  FAD mid 3" IO-~ :l,l 
of the oxidase protein• The molecular  weight  of the oxidase proteit,  was calculated 
to be I - IO  ~ froln its sed imenta t ion  coefficient measured  !,y the Spilmo type  E ul t ra-  
centr i fuge.  The concent ra t ion  of the oxidasc protein: in the enzyme solution was  
e s t ima ted  by  its ex t inc t ion  eoeiticicnt at 280 rot, using KALCKER'S formula  J~z. 1~;: can 
be eva lua ted  from the slope of the line olJt~tined by plotti~sg x"v agains t  i:~. 

I f  v o and  v arc the react ion velocities in the absence and  presence of chlortetra= 
cycline, r~spectively, 

It % I i 

Eqn.  (4) yk:lds a s t ra igh t  line wi th  the in tercept  z and  the ,~[ope (I ~ vo /V) /K i  ~ 
by  plot t ing  rely against  f. F rom the sh)pe of Lllc s t ra ight  line thus  obtained,  I ( i f  can 
also be calculated.  

I f  chlnr te t racyel ine  inhibi ts  with respect to FAD in more than  one way,  plots 
of Vo/V give a curve which is concave to i axis. For example,  in the ease of p-amino- 
salicylic acid t which inhibi ts  the ~xidase ac t iv i ty  hy  both complex format ion and  
compet i t ion  witt, FA1), vo'v can be shown to bc 

J V,)l t If~¢ + t¢~,  -t- i l i (5) 
v V I 1 I¢~) K~,, ) " 

where K~.  is the dissociation cons tan t  of the complex o_~ the inhibi tor  wi th  the oxidase 
prote in  in compet i t ion  wi th  FAD.  In  this way,  it can be de te rmined  whether  c h l o f  
te t racycl ine  inhibi ts  the  oxidase by single or plural  inhib i tory  mechanism.  

R E S I ' L T S  

Que~zet~i~g act io~t e l  cldorte.tracycline on/qavi,~s 

Ribol~awi~. A s t ra ight  line was obta ined  when ( [ ~  x) wa~ plo t ted  agains t  
x[(6 - -  x) (Fig. 2). The dissociation cons tan t  K was calculated from the  slope of this  
l ine to be 6.fi-lO -7 AI. 

FJTIN. The ':,~' ae quenching act ion was observed a.~ in the case of rlbofl~vin under  
the  same condi t ion,  K also being 6 .6 - io  -7 M. 

F A D .  B y  the  same method ,  the dissociation cons tan t  of ch to~ct ra~yc! ine-FAD 
complex was cMeulated from Fig, 2 to be I . z .  IO -6  M .  

Effect o/cldort~tfacycli)~e o~t the absorplio.~ spec~ru~t of j%.vins 

F i g .  3 shows tha t  chlor te t racycl ine  shif ted the  absorpt ion of FAD to  the longer 
wavelength  region. A similar result  was obtMned with riboflavin and  FMN. 

Re/erences P-379. 
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Fig.  -,, Q u e n c h i n g  ac t ion  of c h l o r t e t r a c y c l i n e  on  f luorescence  of  f lavins,  L ine  1 was  o b t a i n e d  f r o m  
~he n l e a s u r e m c n t s  of so lu t ions  c o n t a i n i n g  2 ,  I o  -~ ~ I  r ibof lav in  a n d  g r a d u a t e d  c o n c e n t r a t i o n s  of 
e h l o r t e t r a c v c l i n e  be~:ween 1- Io  -~ 3 f  a l td  5" l o - °  ~I, L ine  I !  was o b t a i n e d  I r o m  m e a s u r e m e n t s  of  
t h e  sotutioias c o n t a i n i n g  ~,5'  I o - s  aI of F A D  a n d  the  s a m e  g r a d u a t e d  c o n c e n t r a t i o n s  of c h l o f  
teLracycl ine.  /, ~ a n d  x r e p r e s e n t  t h e  mo la r  c o n c e n t r a t i o n s  o~ f lavin,  c h l o r t e t r a c y c l i n e  a n d  their 
complex ,  r e spec t ive ly .  T[:-. va lues  of  [ a n d  ( ] -  x) c o r r e s p o n d  to  t h e  i n t ens i t i e s  of f l uo re scence  
of  f lavin  in t he  ~bsen¢o ~xnd presence,  of c h l o r t e t r a c y c l i n e ,  and  tk  ~. v a l u e s  of  x were  c a l c u l a t e d  

groin t h e s e  va lues .  

i11'~ 
... 

0.11~, "- 
" \  

x "\%, 

!1 , l i O  .l '~l i  l l: i i  I 2dlt," 

Fig.  3- E f fec t  of  c h t o r t e t r a c y c l i n e  on  t i le  ~ b s o r p t i o n  s p e c t r u m  of  F A D .  [ :  F A D  (6.85" Io  -a M) 
in o . t  M p h o s p h a t e  buf fe r  ( p H  5 , 5 ) ;  I I :  C h l o r t e t r a c y c l i n e  { 2 . 0 6 .  i o  - z  2~)  in t h e  s a m e  buf fe r ;  I I I :  
F A D  (6.85 . i o -s h i )  + c l f l o r t e t r acye l ine  ,~..o6- io  -a ~V/) in t h e  sau te  buffer  ; IV:  Dif ference  s p e c t r u m ,  

I I I  - -  I I .  

Effect o/tt~e oxidass peotei.~ o~ the [luoresoence and absorption spectrum o/chlov- 
tet~aoyoli,~e 

The addit ion of the oxiclase protein (4" IO-B M) did not quench the f luorescence 
of ctflortetracycline (I.  re -a zal) irradiated in o.x M pyrophosphate  buffer (pI-i 8.3) 

Retereltces p. 379. 
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b y  365-m/~ l ight .  T h e  p r e s e n c e  of t im o x i d a s c  p r o t e i n  d i d  n o t  sh i f t  t h e  a b s o r p t i o n  
s p e c t r u m  of  c h l o r t e t r a c y c l i n e  u n d e r  t h e s e  c o n d i t i o n s .  

l;,.7"i !;itor;, acrid)),, o /ddor te t racvc l ine  on tl~e oxidasa activity 

I n  t h e  m e a s u r e m e n t  of  e n z y m e  a c t i v i t y ,  ch lo r t e t r acyc l i~ tc  a n d  F A D  were  p l a c e d  
in t h e  s ide  b u l b  of a m a n o m e t e r  fla~k. A f t e r  t e m p e r a t u r e  e q u i l i b r i u m  h ~ d  beei t  
r e a c h e d ,  t h e  c o n t e n t s  of t h e  s ide  b u l b  w e r e  t r a n s f e r r e d  to  the  m a i n  c h a m b e r  c o n t a i n i n g  
t h e  o x i d a s e  p r o t e i n  a n d  a l a rge  e x c e s s  of  DL-alaninc+ A m a r k e d  i n h i b i t o r y  e f fec t  o f  
c h l o r t e t r a c y c l i n e  w a s  o b s e r v e d  in t h e  in i t ia l  IO min ,  b t t t  the  i n h i b i t i o n  '~;ubsequently 
d e c r e a s e d ,  r e a c h i n g  an  e q u i l i b r i u m  a f t e r  3 ° ra in ,  as  s h o w n  b y  c u r v e  i in Fig .  4- f h e  
v a l u e s  of  v w e r e  m e a s u r e d  d u r i n g  3 ° t o  60  rain a f t e r  the  c o n t e n t s  o f  t h e  s ide b u l b  
h a d  b e e n  m i x e d  w i t h  t hose  of t h e  m a i n  f lask.  U s i n g  E q n .  (3), t h e  v a l u e s  of t / v  w e r e  
p l o t t e d  a g a i n s t  I / e  in t he  a b s e n c e  a n d  p r e s e n c e  of  c h l o r t c t r a c y c l i n e ,  as  s h o w n  in Fig .  5. 
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F i g .  4. C h a n g e  of  i n h i b i t i o n  of  t ~ - a m i n o  a c i d  o x i d a s e  b y  e h l o r t e t r a c y c l i n o  d u r i n g  i n c u b a t i o n .  I n  
t h e  c a s e  o f  c u r v e  I ,  m a n o m e t e r  f l a sk  c o n t a i n e d  1 5 / h a  o x i d a s 0  p r o t e i n  a n d  6. '-5" t o  -'~ . lI  e l  OL- 
alartine in the main chamber.  After temperature  equilibrium lard been r e a c h e d ,  a mixture of 
t + 6 - l o  -7 l~l (final concn.) of FAD ax,~t 2.5" it, ~-* 3I  (final COhen.) of chlortetracyclk~e wa.~ added 
i n t o  t h e  m a i n  c h a m b e r  i r o m  t h e  s i d e  b u l b .  i n  t h e  c a s e  ¢*f l l ,  t h e  m a i n  c h a m b e r  c o n t a i n e d  I5  t~g 
o f  o x i d a s e  p r o t e i n ,  t . 6 -  t o  -7 M oI  t.'AD, a n d  6.2 5- £o -~ .~I t,f o L - ~ l a n i n c .  A f t e r  t e m t l e r m t u r e  e q u i -  
l i b r i u m  w a s  r e a c h e d ,  e h l o r t e t r a c y c l i n e  xvas a d d e d  f r o m  t h e  s ide  b u l b  t o  t h e  f inal  c , m c n ,  of  
2.5" xo -4 Jll. E a c h  p l o t  s h o w s  t h e  v a l u e  oI  v/v  o o b t a i n e d  it~r en.ch t o  rn in  intor~ 'M o f  t h e  i n c u b a t i o n .  

T h e  r e s u l t s  s h o w  t h a t  chlor t ,_ . t racycl ine  i n h i b i t s  t he  o x i d a s e  a c t i v i t y  b y  c o m p e t i n g  
w i t h  t h e  o x i d a s e  p r o t e i n  for  F A D .  T h e  v a l u e s  of  rely p h , t r e d  a g a i n s t  t h e  c o n c e n t r a t i o n  
o f  c h l o r t e t r a e y c l i n e  fell on  a s t r a i g h t  l ine,  as  s h o w n  in Fig. 6, w h i c h  i n d i c a t e s  a c c o r d i n g  
t o  E q n .  (4) t h a t  c h l o r t e t r a c y c l i n e  i n h i b i t s  t h e  o x i d a s e  b y  a ~ingle m e c h a n i s m .  

XVhen t h e  o x i d a s e  p r o t e i n :  t~L-alar~ine, a n d  c h l o r t e t r a e y e l i n 0  were  i n c u b a t e d  in 
t h e  m a i n  c h a m b e r  for  I o  m i n  a n d  t h e n  F A D  w a s  a d d e d  f r o m  t h e  s ide  bu lb ,  t h e  
i n h i b i t i o n  a l so  d e c r e a s e d  a n d  reach+;d an  e q u i l i b r i u m  a f t e r  3 ° ra in ,  s i m i l a r l y  to  c u r v e  I 
in  F ig .  4- O n  t h e  o t h e r  h a n d ,  w h e n  t h e  o x i d a s e  p r o t o n ,  DL-a lan ine ,  ~ d  F A D  w e r e  
i n c u b a t e d  in t h e  m a i n  c h a m b e r  for  r e  m i n  aJ~d t h e n  c h l o r t e t r a c y c l i . , e  w - ~  a d d e d  
f r o m  t h e  s ide b u l b ,  t h e  d e g r e e  of i n h i b i t i o n  s l owly  i n c r e a s e d  (see c u r v e  I I ,  Fig.  4)- 
A f t e r  IZO ra in ,  t h e  i n h i b i t i o n  a l so  r e a c h e d  an  e q u i l i b r i u m  a t  t he  s a m e  leve l  as  t h a t  

Re~erences p. 379. 
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l : i~.  :~. I~'ahihit,~ry a c t i t m  tJ[ e i H , J r t e l r a e v c l i n e  on  o - a m i n o  a c i d  o x i ( i a s e .  F a c h  c u p  c ~ m t a i n e d  t h e  
o x i d u s e  p r ~ t e i n  as  indic~lter l  nn t l  0 .25  31 ( l inul  c¢mcentra t io l~ . )  ~ f  l~L-atal t i l le  in t h e  m a i n  c h a m b e r ,  
Aft~,r ~l tCllX]~ol"lttl_W~_~ e q t d l i h r i u m  h a d  b e e n  r e a c h e d ,  t ,6"  t o  -7 3 /  ( f inal  c t m c e n t r a t " , t m )  o f  FAT)  w i t h  
o r  w ~ t b o u t  t . z . ~ o - a . l l  , , f  c h h , r t o t r a c v c l m e  ~n.~ ; u l d e d  lt~ t h e  m a i n  c h a m b e r  f r o m  t h e  s i d e  b u l b .  

ob.~erved when  c t d o r t e t r a c y c l i n e  a n d  F A D  were  a d d e d  t o g e t h e r  to  the  m i x t u r e  of  
the  p ro t e in  a n d  D~.-alanine. Va lues  of  %Jr  a t  r2o  ra in  of i n c u b a t i o n  were  on  a s t r a i g h t  
line, which  ag reed  w i th  t i ler  s h o w n  in Fig. 6. 

I)INCL."SGION 

The q u e n c h i n g  of the  f luorescence of  f lav ins  b y  ch lor te tracyc l ine  and  the  shift  of the  
. . . . . . . . . . . . .  " *~ . . . . . . . . . . . .  " ' -  t h e  a d d i t i o n  of c h l o r t e t r a c y c l i n e  s u g g e s t s  " ~  

f o r m a t i o n  of a con l p l ex  in a q u e o u s  so lu t ion  b e t w e e n  ti~e a n t i b i o t i c  a n d  the  iso-  
a i !oxaz ine  r ing of  F A D .  F l u o r i m e t r i e  a n d  s p a e t r o p h o t o m e t r i c  m e a s u r e m e n t s  g a v e  no  
ev idence  of c o m p l e x  f o r m a t i o n  b e t w e e n  e h l o r t e t r a e y e l i n e  a n d  the  ox idase  p ro t e in .  

" ' |i 5 

T 10 m.'~! 
C'~'NCV"C'['[~A'[ ~1.~. C'F CLI]#Z'I'U]L'F.'.TL,~,%( 9t~Cl.IXb: 

Fig .  6. I n h i b i t o r y  a c t i o n  o f  c h l o r t e t r a c y c l i n e  o n  o - a . m i n o  a c i d  ~ ,x idasc .  I£ach  c u p  c o n , . a i n e d  15 t t g  
o x i d a s e  p r o t e i n  a n d  6 . z5"  t o-': '  31 ( f ina l  c o n c h . )  o f  O L - a l a n i n e  i n  t h e  mi~in c h ; t m b e r ,  A f t e r  a t e  n p o r a -  
t u r e  e q u i l i b r i u m  h a d  b e e n  r e a c h e d ,  a m i x t u r e  o f  x .6 ,  l o -7 , l l  {final  cotxcn.)  o f  F A D  a n d  g r a d a a t e d  
c o n c e n t r a t i o n s  o f  c h l o r t e t r a c . v e l i n e  w a s  a d d e d  t o  t h e  m M n  c h a m b e r  n-o~,n t h e  s i d e  b u l b .  ~., w a s  

i 4 3 / ~ 1 / 3 o  . n i n  a n d  ~ wa~ 87.5/2113 ° r a m ,  

Rejere~:ces  "p. 379 .  
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K i n e t i c  s t u d i e s  s h o w e d  t h a t  c h l o r t c t r a c y c l i n c  i nh ib i t s  D - a m i n o  ac id  o x i d a s e  b y  
c o m p e t i n g  w i t h  t h e  o x i d a s e  p r o t e i n  for F A D ,  a n d  t h a t  t h e  i n h i b i t i o n  is  c o n s i s t e n t  
w i t h  a s ingle  m e c h a n i s m .  T h e  i n h i b i t i o n  can be  a t t r i l m t c d  to  t h e  c o m p l e x  f o r m a t i o n  
of e h l o r t e t r a c y c l i n e  w i t h  F A D .  

Since  i t  w a s  a l so  dem (m s t r~ t t ed  t h a t  ch lo r t c t r~myc l ine  d i d  no t  i nh ib i t  t h e  in i t i a l  
a c t i v i t y  o[  t h e  o x i d a s e  a n d  a lOi lg  p e r i o d  w a s  ru(i:t ircd t(> r e a c h  a c o n s t a n t  i n h i b i t i o n  
w h e n  F A I )  w a s  p r e v i o u s l y  h o u n d  w i t h  t h e  o x i d a s c  p ro t e in ,  i t  c an  be c o n c l u d e d  t h a t  
c h l o r t c t r a c y c l i n c  c a n  c o m b i n e  w i t h  f ree  F A D  tnt t  n o t  w i t h  b o u n d  F A D .  

T h e s e  o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  blinding s i t e  o f  F A D  inw}lved  in comi}tox 
f o r m a t i o n  w i t h  t h e  o x i d a s c  p r o t e i n  m a y  be  r e s p o n s i b l e  for  i t s  c o m p l e x  i o r m a t i o n  
w i t h  c h l o r t c t r a c v c l i n c .  

T h e  d i s s o c i a t i o n  c o n s t a n t  o f  the  c o m p l e x  b e t w e e n  c h l o r t e t r a c y c l i n e  a n d  F A D  
w a s  c a l c u l a t e d  f r o m  the  s lope  of t h e  s t r ; t igh t  l ines  in Figs.  5 m~d 6 to be  3-9" Io  t 3 [ .  
T h e  d i f f e r e n c e  b e t w e e n  the  v a l u e  {>f Kit  o b t a i n e d  I)v f l u , , r ime t ry  a n d  t h a t  o b t a i n e d  
b y  e n z y m i c  a n a l y s i s  , n a y  be :x t t r ib t t ted  to t he  v a r i a t i o n s  in p H  an t i  t e m p e r a t u r e .  

I n  t h e  tield of  c l in ica l  r e s e a r c h ,  i t  ha s  b e e n  r e p o r t e d  b v  . '~]IsIKLEIOHN et Ill. 5, 

HARRI.% 6, 2~IERLISS 6l tfl. 7 ~ t l d  o t h e r s  t h a t  t h e  a r i b o f l a v i n o s i s  or  a l l  a r i bo f l av inos i s - l i ke  
d i s ea se  w a s  c a u s e d  b y  c h l o r t e t r a c v c l i n c  as  one  of i t s  s ide  e f fec t s .  T h i s  m a y  p o s s i b l y  
b e  e x p l a i n e d  b y  t h e  d i r e c t  a c t i o n  of c h l o r t e t n t c y c l i n e  on F A D  in rive, w h i c h  will  
r e s u l t  in t h e  i n h i b i t i o n  of  f i av in  e n z y m e s .  
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