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4 o~ C. The whole was evapo ra t ed  in v a c u u m  and the  alcohol was r emoved  as far as possible  
a t  the  lower t empera tu re .  The residue, af ter  d i lu t ion  wi th  water ,  was e x t r a c t e d  wi th  e ther  six 
t imes  and the  e ther  ex t rac t ,  a f ter  be ing dr ied  wi th  sodium sulphate ,  was evapo ra t ed  to a snlal l  
volume.  Benzene was  added  to it, and  a wh i t e  p rec ip i t a t e  se t t l ed  out.  The whole m i x t u r e  was 
passed th rough  a co lumn of a lumina  (BL-6) in order  to remove  impur i t i e s  and p igmen t s .  The 
effluent  was e v a p o r a t e d  a t  a t e m p e r a t u r e  below 6o ° C to  remove the solvent ,  g iv ing  4.5 g rams  
of an orange wax, which con ta ined  p l en ty  of bombices terol .  3 g rams  of the  e x t r a c t  was dissolved 
in a small  a m o u n t  of m e t h a n o l  by w a r m ing  s l ight ly .  Bombices te ro l  separa ted  on s t a n d i n g  in 
a refr igerator ,  was fi l tered and the  m o t h e r  l iquor  evapo ra t ed  g r adua l l y  in a des iccator  in the  
dark,  when a crop of bombices te ro l  c rys ta l s  aga in  separa ted  out. After  f i l t rat ion,  the  mo the r  
liquor, p ro tec ted  from ox ida t ion  in air  by  the add i t ion  of a drop of D, L-a-tocopherol,  was evapo-  
r a t ed  g r a d u a l l y  in order to r emove  methanol .  The c rys ta l s  of bombices te ro l  from the  second 
and fu r the r  c rys t a l l i za t ion  con ta ined  the  adher ing  sex a t t r a c t a n t  and  a t t r a c t e d  the  male  m o t h  
s t rongly.  These c rys ta l s  were t r e a t e d  wi th  me thano l  and the  me thano l i c  e x t r a c t s  were un i t ed  to 
the mo the r  l iquor.  This procedure  was repea ted  in order  to remove  bombices te ro l  as m u c h  as 
possible, and  when the  q u a n t i t y  of m o t h e r  l iquor  reached abou t  I ml the  whole was evapo ra t ed  
s t rong ly  under  reduced  pressure  to remove as much m e t h a n o l  as possible.  The resu l t ing  b rown 
sy rup  was  sub jec ted  to the  molecu la r  d is t i l la t ion .  The por t ion  which dis t i l led  be tween i o o  C 
and i i o ° C  under  0.06 m m  Hg pressure  was t a k e n  separa te ly .  I t  is a th ick  f a in t ly  yel lowish oil 
and  o.ooo 5 7 of i t  has  c lear ly  the  ab i l i t y  to exci te  the  male  m o t h  and cause h im to dance  in a 
circle;  o.ooo25 )~ of i t  is fu r the r  able  
to  m a k e  h im v ib r a t e  his wings.  On a 
pape r  c h r o m a t o g r a p h  developed  wi th  I - - - " I  
bu t ano l / ace t i c  a c i d / H 2 0  (ascending 

It method) ,  the  R F of b o m b i x i n  was abou t  
1.o, w i th  85 % phenol,  o.98, and  wi th  
abs. benzene/abs ,  m e t h a n o l  (6:4), o.82. 0~- 0.0 
In  th i s  case i t  was very  in te res t ing  to  
use a ma le  m o t h  as the  detector ,  in 
the  fol lowing way.  After  the  paper  

R F 0.82 Front 

Fig. i .  

s t r ip  was  developed  wi th  abs. benzene/abs ,  m e t h a n o l  and  dried, i t  was passed s lowly in f ron t  of 
the  male  moth.  W h e n  the  spot  of the  sex a t t r a c t a n t  approached  the  male,  the insect  became 
exc i ted  and  w e n t  round  the  spot  shak ing  his wings v io len t ly  (Fig. I). 

The e l e m e n t a r y  ana lys i s  showed t h a t  our  b o m b i x i n  had  the  fol lowing compos i t ion ;  C, 
86 .41%;  H, i2.o5% . In  the  spec t ra l  ana lys i s  th is  subs t ance  showed no r e m a r k a b l e  specific 
absorp t ion  in the  u l t r av io l e t  region. In  the  infrared spec t ra l  ana lys i s  there  was some ind ica t ion  
of the  ex is tence  of an p r i m a r y  h y d r o x y l  group. A por t ion  of the  sample  was purif ied by  ch romatog-  
r a p h y  in the  absence of air  and l ight  and  in a favourab le  case a sample  ac t ive  in 2 ~  4 '  I°-S ?' 
was  obta ined .  Bu t  the  yield was v e r y  minute .  

W h e n  our  s t u d y  had  proceeded so far, we were informed by  a fr iend t h a t  there  had  been 
a r epor t  on the  same sub jec t  by  A. BUTENAXDT, who isolated in 1938 a male  a t t r a c t i n g  subs t ance  
from the  female  of Bombix mori by a me thod  different  f rom ours (Angew. Chem., 54 (1941) 89), 
which  was  said to be phys io log ica l ly  ac t ive  in o .oi  y. But,  as descr ibed above, our b o m b i x i n  is 
far more  ac t ive  t h a n  BUTENANDT'S substance .  

This  s t u d y  was aided by  a g r a n t  from the  scientific research fund of the  Min i s t ry  of E d u c a t i o n  
of J apan .  The au thors  wish to t h a n k  Dr. K. TAKAHASHI, the  di rector  of the  Prefec tura l  Se r i cu l tu ra l  
E x p e r i m e n t  Sta t ion,  K u m a m o t o ,  for supp ly ing  the  e xpe r i men t a l  ma te r i a l s  used in th is  s tudy .  
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Act ivat ion  of cytochrome c reductases by a lipid bound to 
crystall ine bovine serum albumin*  

I t  has  a l r eady  been shown t h a t  the  m a r k e d  decrease in ac t iv i t i e s  of d iphosphopyr id ine  (DPN)- 
and succ ina t e - cy toeh rome  c reduc tases  r e su l t ing  from isooctane ex t r ac t i on  can be comple te ly  
reversed  by  the  add i t i on  specif ical ly of tocophero l  1. The n a t u r a l l y  occurr ing  l ipid m a t e r i a l  which 
is r emoved  from the  purif ied enzymes  by  isooctane ex t r ac t i on  can also reac t iva te ,  a l t hough  i t  
con ta ins  no free tocophero l  1. Dur ing  a s t u d y  of these  s y s t ems  i t  was observed t h a t  c rys ta l l ine  
bov ine  se rum a lbumin  in r e l a t ive ly  high concen t ra t ions  could s u b s t i t u t e  for tocophero l  in 
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restoring the activities of the above enzymes as well as tha t  of reduced diphosphopyridine nucleo- 
tide (DPNH) oxidase. The experiments  reported in the present  paper  demonst ra te  tha t  a lipid 
mater ia l ,bound to crystalline bovine serum albumin and extractable  with isooctane, is responsible 
for the ability of the albumin to reactivate the above i sooctane-extracted  enzyme systems. 

A 15- to 25-fold purified part iculate fraction possessing D P N H  oxidase and DPN-  and 
succinate-cytochrome c reductase activities was prepared from rat  skeletal muscle 1 and extracted 
2 to 4 t imes where indicated with spectral grade isooctane (2,2, 4- tr imethylpentane)  as previously 
describedL The activities of the DPN-  and succinate-cytochrome c reductases were followed 
spectrophotometr ical ly  by  observing the rate of reduction of added cytochrome c at 55 ° In/~ in 
the presence of cyanide. D P N H  oxidase was determined by measur ing the rate  of decrease in 
optical density at 34 ° m H in the absence of cyanide. Crystalline and amorphous  bovine serum 
albumin were obtained from the Armour  Laboratories;  and 3- to 5-times recrystallized bovine 
serum albumin, h u m a n  serum albumin and h u m a n  serum y-globulin were generously provided 
by  Dr. WALTER g. HUGHES. The various protein solutions were made up with o.i M phospha te  
buffer, pH 7.5, and, where indicated, extracted twice by shaking each t ime with an equal volume 
of isooctane for 1 minute,  followed by removal  of the isooctane layer. 

The curves in Fig. i represent  a comparison of the abilities of various proteins to activate 
the i sooctane-ex tracted  DPN-cytochrome c reductase system. Bovine serum albumin, whether  
amorphous  or crystalline (or recrystallized several times), characteristically restores enzyme 
activity, whereas crystalline egg albumin, and h u m a n  serum T-globulin have little or no effect. 
Crystalline h u m a n  serum albumin at  higher concentrat ions shows some activity. 

Fig. 2 shows tha t  i sooctane-extracted  crystalline bovine serum albumin** is no longer able 
to reactivate i sooctane-ex traeted  DPN-cytochrome c reductase. The i sooctane-extracted  albumin, 
however, can still be used to suspend tocopherol in the usual manne r  1 as shown in Fig. 2. The 
small oily residue remaining after vacuum distillation of the isooctane extracts  of the crystalline 
bovine serum albumin, when suspended in the extracted and, therefore, inactive albumin, can 
par t ly  restore the activity of the enzyme. Similar results have been obtained using succinate- 
cytochrome c reductase and D P N H  oxidase in place of DPN-cytochrome c reductase. Complete 
restorat ion by the lipid residue has not  been obtained thus  far. I t  appears  tha t  the lipid material  
is in par t  unavailable after extract ion and resuspension, perhaps  as a result  of destruction, since 
its total activity is considerably less than  an equivalent  amount  of unextracted  albumin. The 
effect of added lipid residue, though small, is reproduceable in each of the above enzymic assay 
systems. 

The above data  indicate tha t  a lipid material  originally bound to bovine serum albumin 
and extractable with isooctane is the responsible component  in the activation of enzyme activity 
by the albumin. In view of the similarity of the ul tra  violet absorpt ion spect rum and biological 
activity of the a lbumin lipid with tha t  of the partially purified lipid cofactor*** obtained from 
beef hear t  and ra t  skeletal muscle, it is not  unlikely tha t  they may  prove to be identical. KEILIN 
AND HARTREE 2 have a t t r ibuted  the restorat ion in activity of snccinoxidase prepara t ions  by 
calcium phospha te  gel and proteins to a non-specific effect on the colloidal s t ructure  of the enzyme, 
p resumably  by reorienting the catalytic components ,  especially endogenous cytochrome c, within 
the colloidal particles. 

Lysine and glyoxaline-4-5-dicarboxylic acid 3 and histidine 4 have also been shown to activate 
preparat ions  of I~EILIN-HARTREE horsehear t  succinoxidase in unfavorable  environments .  ALTMAN 
AND CROOK 5, however, have ascribed the action of the above materials  to their ability to adsorb 
or chelate heavy metals which are present  as contaminants  in the reaction mixture.  They showed 
tha t  the use of purified succinate resulted in a marked increase in activity and tha t  a sharp  
rise is also obtained when various chelating agents, especially versene, are added to the reaction 
mixture.  BONNER 6 who has also reported activation by  the above chelating agents and adsorbents  
of the succinate-cytochrome sys tem has interpreted his results as indicating tha t  " the  chemical 
combining propert ies of these act ivating agents play a role in drawing together  the various 
components  and in this manner  ensuring their mutua l  accessibility, one to the o ther" .  

The results reported here with the bound lipid of bovine serum albumin and the lipid 
cofactor obtained from beef heart  and ra t  skeletal muscle in reactivation of enzyme activity 
are different from tha t  indicated in the above literature. The enzyme used in these experiments  
was inactivated as a result  of removal  of a lipid cofactor by  isooctane extraction. Restorat ion 

* Contr ibut ion No. 131 of the McCollum-Pratt  Inst i tute .  This investigation was supported in 
par t  by a grant  (No. G-2332 ) from the National  Ins t i tu tes  of Health, U.S. Public Health Service. 

** I t  should be noted tha t  relatively high concentrat ions of a lbumin (IO to 4o%) are first 
extracted with isooctane and then diluted at least 4-fold before addition to the reaction mixture.  
Albumin solutions (o.2 to 4 ° %) when extracted with isooctane and used as such wi thout  dilution 
are inhibitory, i soOctane-ex tracted  phosphate  buffer, however, is not inhibitory. 

* * * In  preparat ion.  
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Fig. i. Effect of various crystalline proteins in 
reactivating isooctane-extracted DPN-cyto-  
chrome c reductase. The reaction mixtures  
contained o.o 5 ml of enzyme (about 13o/~g 
protein), o.o 5 ml of 2 % aqueous cytochrome 
c, o.I  ml of IO-~l~ r KCN, and i o - l M  phospha te  
buffer, p H  7.5, and 2 % protein solutions to 
give a final reaction volume of i .o ml. Crystal- 
line bovine serum albumin (Armour Labora-  
tories), A - - ~ :  amorphous  bovine serum 
albumin (fraction V powder,  Armour  Bioche- 
micals), J k - - A ;  recrystallized bovine serum 
albumin, O - - O ;  crystalline h u m a n  serum 
albumin,  O - - O ;  crystalline egg albumin,  
~ - - ~ ;  h u m a n  serum 7-globulin, COHN 

procedure, fraction II  (7), I - - m  

isooctane-extracted albumin and also added in 
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Fig. 2. Effect of unextracted  and isooctane- 
extracted crystalline bovine serum albumin and 
added tocopherol or lipid residue in reactiv- 
at ing isooctane-extracted DPN-cytochrome c 
reductase. The reaction mixture  contained 0.05 
ml of enzyme (about 200/~g protein), o .Io ml 
of 2 % aqueous cytochrome c, 0. 3 ml of l o - 2 M  
KCN, o.i  ml of D P N H  (6.1 /~mole/ml), and 
i o - l M  phospha te  buffer, p H  7-5, and the in- 
dicated solutions of crystalline bovine serum 
albumin to give a final volume of 3.0 ml; d-a- 
Tocopherol (4 /~mole/ml) as a i 5 %  ethanol- 
0.2 % bovine serum albumin suspension was 
added in increasing amounts  as shown. The 
lipid residue obtained from isooctane extract ion 
of IO ml of a 2 % crystalline bovine serum 
albumin solution was suspended in i.o ml 

increasing amounts  as shown. Tocopherol in un- 
extracted 0.2 % albumin, A - - / ~ ;  tocopherol in isooctane-extracted 0.2 % albumin, A - - J k ;  
~0 % unext rac ted  albumin O - - O  ; t0  % isooctane-extracted albumin, I - - I I  ; lipid residue 

in 2 % isooctane-extracted albumin, © - - O .  

of act ivi ty  can only be achieved by the addition of the removed lipid, the bound lipid of bovine 
serum albumin,  or tocopherol*. The lat ter  dissolved in ethanol**, instead of suspended in albumin, 
can also restore the activities of DPN-  and succinate-cytochrome c reductases and D P N H  oxidase. 
Calcium phospha te  gel or versene had no activity. The possible role of this lipid in oxidative 
phosphory la t ion  and electron t r anspor t  as well as its possible relationship to tocopherol  are now 
being studied. 

,~IcCollum-Pratt Institute, The Johns Hopkins Universily, 
Baltimore, Md. (U.S.A.) 
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* Kindly supplied by  Distillation Products  Division of the Eas tman  Kodak Co. and by  
Merck and Co. 

** The use of tocopherol dissolved only in ethanol  is limited in view of the removal  of tocopherol  
t rom solution upon addition to the aqueous reaction mixture,  as well as the sensi t ivi ty of the 
a lbumin or some other  protein such as y-globulin is necessary as a vehicle in the aqueous  reaction 
mixture .  


