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Occurrence of Sepiapterin Deamtnase in the 
Si lkworm, Bombyx mori 

Two yellow pter id ines ,  xan thop te r in -B~  and  x a n t h o -  
p te r in -B  v were isolated f rom the  m u t a n t  l emon of t he  
si lkworm, and  i d e n t i t y  of t he  fo rmer  w i th  sep iap te r in  (2- 
amino-4-hydroxy-6-1actyl-7 ,  8 -d ihydropter id ine)  ] has  been  
es tabl ished ~. R e c e n t l y  GOTO et  al. a p roposed  for  xan th o -  
p t e r in -B  2 the  s t ruc tu re  of 2 ,4-dihydroxy-6-1actyl-7 ,  8-di- 
hyd rop te r id ine  ( lumazine of sepiapter in) .  Dur ing  t h e  
s tudies  on these  p igments ,  the  a u t h o r  found  a s i lkworm 
e n z y m e  which  deamina t e s  sep iap te r in  to  x a n t h o p t e r i n - B  v 
The p resen t  p a p e r  descr ibes  iden t i f i ca t ion  of the  reac t ion  
p r o d u c t  and  some proper t ies  of t h e  enzyme.  

The  yellow p te r id ines  were ob t a ined  by  the  m e t h o d  
previous ly  described*.  Since the  fa t  b o d y  of normal  s t ra in  
of the  s i lkworm con ta ined  sep iap te r in  reduc tase  * as well 
as deaminase ,  the  m u t a n t  l emon which  is devoid  of the  
reduc tase  was preferable  as a s t a r t i ng  mater ia l .  

Subsequen t  procedures  were carr ied ou t  a t  0-3 °C. 10 g 
of the  fat  bodies  of lemon larvae (5th i n s t a l  4 or 5 days  
a f te r  last  moul t ing)  were homogen ized  wi th  10 vo lumes  
of 0 .05M po ta s s ium p h o s p h a t e  buffer,  p H  6.5. Af te r  
s t a n d i n g  for 20 min,  the  h o m o g e n a t e  was  c e n t r i f u g e d  a t  
8000 r p m  for 20 rain. T h e n  the  s u p e r n a t a n t  f luid was 
s t ra ined  t h r o u g h  a cheese-c lo th  and the  f i l t ra te  was used 
as a c rude  enzyme.  The crude  enzyme  solut ion was  frac- 
t i o n a t e d  w i t h  a m m o n i u m  su lpha te  b e t w e e n  55 and  74% 
sa tu ra t ion .  The p rec ip i t a t e  was dissolved in 3 ml  of 0 .05M 
p h o s p h a t e  buffer ,  p H  6.5, and  a m m o n i u m  sal t  was  re- 
m o v e d  b y  pass ing  t h rough  a Sephadex  G-25 co lumn 
(2 • 19 cm) t h a t  was e lu ted  wi th  the  buffer .  

"When sep iap te r in  was  i ncuba t ed  wi th  the  crude  enzyme  
a t  neu t ra l  pH,  fo rma t ion  of ano the r  yel low f luorescent  
subs tance  was de t ec t ed  by  pape r  c h r o m a t o g r a p h y .  Simul-  
t aneous  l ibera t ion  of a m m o n i a  was also d e m o n s t r a t e d  by  
the  alkaline pheno l  m e t h o d  using Conway ' s  a p p a r a t u s  6. 
As shown in t he  Figure,  t he  a m o u n t  of a m m o n i a  re leased 
is p ropor t iona l  to the  concen t ra t ion  of the  enzyme.  

To ob ta in  yellow f luorescent  p roduc t ,  3 ml  of f reshly  
p repa red  crude  enzyme was mixed  wi th  3 mg  of sepia-  

p t e r in  d issolved in 3 ml of 0 .02M p o t a s s i u m  phosphate 
buffer ,  p H  7.0. Af te r  incuba t ing  a t  25°C for 60 rain, the 
reac t ion  mi x t u r e  was  h e a t e d  in a boi l ing wa te r  b a t h / o r  
3 min.  The  resul t ing  s u p e r n a t a n t  solut ion was  applied t~ 
an Ecteola-cel lulose  co lumn  (1 • 15 cm) t h a t  was  elute 
w i th  dist i l led water .  Af te r  e lu t ion  of sepiapter in ,  the  reaC" 
t ion  p r o d u c t  r ema in ing  in the  co lumn as a yel low fluoreS" 
cen t  b a n d  was e lu ted  wi th  0 .01M acet ic  acid. The con" 
c e n t r a t e d  e luate  was appl ied  to a Se p h a d e x  G-50 column 
(1 • 15 cm) t h a t  was e lu ted  w i t h  dis t i l led water .  The yel- 
low eluate  gave  a single f luorescent  spo t  on p a p e r  chrO" 
m a t o g r a m  and  i ts  behav iou r  was ind is t inguishable  fro~ 
t h a t  of xan thop te r in -B~  (Table I). The UV_absorption 
s p e c t r u m  in 0 .1N HCl as well as in 0 .1N N a O H  was also 
ident ica l  w i t h  t h a t  of x a n t h o p t e r i n - B  v 

Al thou h the  a m m o n i u m  su loha te  f rac t ion  h a d  negligible 
g _ ~ i e adenos ine -deaminase  ac t iv i ty ,  i t  showed  an appreciab,  

ac t iv i ty  of guanase.  Therefore ,  the re  m a y  be a possibility 
t h a t  sep iap te r in  is d e a m i n a t e d  b y  guanase.  However ,  as 
shown in Table  II ,  s ep iap te r in  deaminase  a c t i v i t y  is con" 
s ide rab ly  inh ib i t ed  b y  x a n t h o p t e r i n  6, whereas  guallase 

Table I. Comparison of Rf values of the reaction product a°d 
xanthopterin-B 2 

Solvent RI value 
system 

Reaction XanthO" 
product pterin-]3~ 

1 0.64 0.64 
2 0.49 0.49 
3 0.47 0.47 
4 0.27 0.27 
5 0.35 0.35 
6 0.41 0.43 
7 0.55 0.55 

Solvent system: (1) n-propanol/1% ammonia (1:1, v/v). (2) n-pr° 7 
. v 0 panel/l% ammoma (2:1). (3) iso-propanol/water (7:3). (4) 95~c, 

ethanol/n-amylaleohol/water (7: 5: 3). (5) n.propanol/ethylacetate! 
water (7 : 1:2). (6) n-butanol/acetic acid/water (4 : 1:2). (7) 3% am" 
moninm chloride. Ascending method. Toyo filter paper No. 51. 
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Liberation of ammonia as a function of enzyme concentration. Tim 
reaction mixture contained the following components: potassium 
phosphate buffer, pH 8.0, 100/aM; sepiapterin, 2/aM; enzyme as in- 
dicatcd, in a final volume of 1.4 ml. After incubation at 25 °C for 30 
rain the reaction was stopped by the addition of 0.1 ml of 1M 
potassium dihydrogen phosphate, followed by heating in a boiling 
water bath for 3 rain. Ammonia released in dcproteinizcd solution 
was determined. Protein was determined by the biuret method using 

the bovine sermn albumin as the standard. 

Table II. Inhibition of sepiapterin deaminase by xanthopterin 

Addition Guanase Sepiapterin 
deaminaSe 

None 
Xanthopterin 
(1/aM) 

(/aM NH3lmg protein) 

0.037 0.242 
0.037 0.079 

The reaction mixture contained the following components: potassium 
phosphate buffer, pH 8.0, 100/aM, guanine or sepiapterin, 2 kt M; 
xanthopterin as indicated; enzyme solution (ammonium sulphate 
fraction), 0.3 ml, in a final volume of 1.3 ml. Incubation at 25 °C fo~ 
60 min. Ammonia was determined as described in the Figure. 
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aCtivity affected l i t t le  in con t ras t  w i th  m a m m a l i a n  
guanaseL In  addi t ion,  sepiapter in  could no t  be a t t acked  

Y guanase f rom ra t  l iver  s. 
Beth sepiapter in  and isosepiapter in  were deamina t ed  

by the enzyme,  whereas  the  fol lowing pter id ines  were in- 
active as a subs t ra te :  2 -amino-4-hydroxyp te r id ineL  
2.amino_ 4-  h y d r o x v -  6 - me thvh) te r id ine  9 2 - amino -  4-  

Yur°xy-6,7-dimethylpter id ine  a0, xan thop te r in ,  and 2- ~ m!u°-4-hydroxvpter id ine-6-carboxvl ic  acidat. I t  was re- 
erred tha t  bac ter ia l  p te r in  deamin'ase 1~ has ra ther  low 

Substrate specif ici ty and a t t acks  some pter idines ,  includ-  
i ~ t  2-amino-4-hydroxypter idine ,  2 -amino-4-hydroxy-6-  

hylpteridine and 2-amino-4-hydroxypter id ine-6-car -  
Xylic acid. F r o m  the  subs t ra te  specificity,  i t  seems 
ety tha t  sepiauter in  deaminase  is different  f rom the  

acterial enzyme ~ 
,Jhe enzyme e-~aibits i ts ac t iv i ty  in the  range of p H  6 to  
• u. The enzyme  deamina tes  sepiapter in  bo th  under  
aerobic and anaerobic  condit ions.  F r o m  the  s t ruc ture  of  
slepiapterin and xanthopte r in -B2 toge ther  w i th  the  above  
f~ct, the deamina t ion  react ion m a y  be fo rmula ted  as 
Ollo~,vS : 

sepiapterin + H~O ~ x a n t h o p t e r i n - B  2 + N H  3 

Purification and fu r ther  charac te r iza t ion  of the  en- 
ZYme are being under taken .  

Zusammen[assung. I m  Seidenspinner  (Bombyx mori) 
wird ein E n z y m  nachgewiesen und angereichert ,  welches 
das gelbe P i g m e n t  Sepiapter in  zu X a n t h o p t e r i n - B  2 des- 
aminier t .  Fe rner  wird die Subs t ra t spez i f i t~ t  des E n z y m -  
pr~para tes  abgekl/ ir t .  
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Primary Afferent Depolarization Produced by 
Vagal Visceral Afferents 

Previous work  1 showed t h a t  s t imula t ion  of vagal  and 
i ~ i  °rtic afferents depressed la ryngeal  reflexes wi th  a t ime  

rse s imilar  to ti~at of p r i m a r y  afferent  depolar iza t ion  
D) in the  spinal  cord 2-4. This  suggested t h a t  the  de- 

Pression in ref lex  a c t i v i t y  could be due, a t  least  in par t ,  
te PAD produced  by  the  visceral  afferents  which course 
through the  vagu nerve. This  seemed of in teres t  because,  
~a addition to its possible significance for the unders tand-  
~a_g of the mechan isms  invo lved  in the  inhibi t ions pro-  
~ucect by  vaga l  and aor t ic  s t imula t ions  5-7, previous  
~UChes on P A D  produced  bv  af ferent  s t imula t ion  h a v e  
u e e n  - - -  . . 

ra~sclConcerned only  wi th  the  act ions of somatm, Le. 
and cutaneous,  afferents~-4 

Methods. The observat ions  were per formed in 20 adul t  
~ t s  anaes thet ized  wi th  sodium pen toba rb i t a l  (35-40 
~tg(kg .i.p.), para lysed  wi th  ga l lamine  t r ie th iodide  and 
, anatamed by  art i f icial  resp i ra t ion  The  f loor of the  
~Ull 
~,. r th vent r ic le  was exposed bv  cerebel lec tomy,  and a 
~Lllll . -- - -  . 
t .  - u la tmg microelec t rode  was placed in the  soh ta ry  
: ,act nucleus (STN) region, 4-6  m m  ros t ra l  to the  obex 
~;d 1.5~2.5 m m  la tera l  to the  midline,  a t  dep ths  ranging 
~roln 0.7-1.2 m m  f rom the  bulb  surface.  An t id romic  
=sp°nses were monophas ica l ty  recorded f rom the  cen t ra l  

end of the  ipsi lateral  super ior  la ryngeal  nerve  (SL), 
~hcich .Consists of afferent  fibres only a. S t imula t ing  and 
ofc~rdlng electrode pairs were placed on the central  end 
,_ ~ae ipsi lateral  vagus  and aor t ic  nerves.  Ar ter ia l  blood 
vreSSUre was recorded f rom the  femoral  a r te ry .  
8~sul ts .  The  an t id romic  SL responses p roduced  b y  
b,. ~ St imulat ion were usual ly  increased when  preceded 
) ~  Vagal and aor t ic  nerve  s t imula t ion  As shown in 

'gUre 1 • " " A and D, hype rexc t t ab lh ty  of the  SL nerve  

t e rmina l s  resul ted ma in ly  f rom the  ac t iva t ion  of vagat  
afferents  whose threshold  ranged  f rom 1.6-5.0 t imes  t h a t  
of the  mos t  exc i tab le  fibres in the  nerve  (T). I n  5 experi-  
ments  s t imulus  s t rengths  of 5-10 T added a small  ex- 
c i tab i l i ty  increase, and this was correla ted wi th  the  ap-  
pearance  of an  in te rmedia te - th resho ld  group of fibres in 
the  vaga l  e lec t rogram (Figure 1B). No changes were ob- 
served for s t imulus  s t rengths  of 10 up to  50 T. 

The  vaga l  Mferents  producing  exc i tab i l i ty  increases of 
t he  SL te rminals  also induced a blood-pressure fall when  
s t imula ted  at  50 c/see (Figure 1C). Both  effects had about  
the  same threshold  and grew similar ly  wi th  increasing 
s t imulus  s t rengths.  I t  is therefore  concluded t h a t  the  
af ferent  fibres p roduc ing  the  blood-pressure  fall  are  the  
same ones produc ing  hype rexc i t ab i l i t y  of the  SL ter-  
minals.  

The  lowest - threshold  afferent  fibres in the  vagus  nerve  
seem to or iginate  f rom p u l m o n a r y  s t re tch  receptors,  
while those  wi th  i n t e rmed ia t e  th reshold  are a t t r i bu t ed  to  
ar ter ia l  pressoceptors  and rap id ly  adap t ing  t rachea l  re- 
ceptors  °. In  order  to tes t  possible act ions f rom pul- 
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