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On the glutamic family and lysine in Neurospora: 
enzymic formation of glutamic ?-semialdehyde and a-aminoadipic 

&semialdehyde from penta- and hexahomoserine* 
I n  e x a m i n i n g  t he  pyr ro l ine-5-carboxyla te  r educ tase  z of N .  crassa, a n o t h e r  pyr id ine  nucleot ide-  
d e p e n d e n t  enzymic  reac t ion  was  noted ,  which  has  now been found  to involve  t he  open-cha in  
fo rm of PC**, n a m e l y  GSA. The  e n z y m e  ca ta lyz ing  th is  react ion appears  to be an  ~o-hydroxy- 
a - a m i n o  acid dehydrogenase ,  since it also ac ts  on P H S * * *  (the alcohol cor responding  to GSA) 
and  on H H S .  

E n z y m e  ex t r ac t s  were p repared  f rom lyophil ized m y c e l i u m  of m u t a n t  s t ra in  21863 a8 (which 
is deficient* in PC reductase)  of N .  crassa, grown on mi n ima l  m e d i u m  plus  L-proline a t  3 °o C 
for 3 to 5 days  wi th  aerat ion.  1V[ycelial ex t r ac t s  in cold o.I M p h o s p h a t e  buffer  (pH 7) were clarified 
b y  cen t r i fuga t ion  a t  abou t  80,000 × g, and  f rac t iona ted  wi th  a m m o n i u m  sulfa te  a t  o ° C. Tbe  
f r ac t i ons  be tween  45 and  55% of s a t u r a t i on  were collected and  dissolved in and  dialyzed aga ins t  
t he  s ame  buffer. 

D e h y d r o g e n a t i o n  of P H S  or H H S  depends  on t he  presence of D P N  or T P N  and  was followed 
by  observ ing  the  increase  in optical  dens i ty  a t  34 ° m/~ (see Table  I). Only  the  L-forms of the  
two o~-hydroxy-a-amino  acids  are  act ive.  GSA was recognized as a dehyd rogena t i on  p roduc t  of 
P H S  by  t he  charac ter i s t ic  yellow color g iven wi th  o -aminobenza tdehyde  5. A p p r o x i m a t e l y  one mole 
of L-GSA (de te rmined  by  b ioassay  5) was formed for each mole of nucleot ide  reduced.  The  de- 
h y d r o g e n a t i o n  p roduc t  of H H S  is a -aminoad ip ic  d -semia ldehyde  (p resumably  in L-form), as shown 
b y  the  color reac t ion  wi th  o -aminobenza ldehvde .  The  orange-yel low color ob ta ined  p robab ly  is 
d u e  to a d ihyd roqu inazo l i n i um compound6,  '~ der ived f rom the  cyclic form of a -aminoad ip ic  
d-semialdehyde,  z l l -piper ideine-6-carboxyl ic  acid. 

T A B L E  I 

The  comple te  s y s t e m  (pH 9.8) for the  dehydro -  
gena t ion  of P H S  or H H S  con ta ined  : d ie thano lamine ,  

280/zmoles  ; DL-PHS or DL-HHS, 3 ° /*moles ; Substrate N u c l e o t i d e  Initial change in 
nucleot ide,  3 /*moles ;  e n z y m e  (see text) ,  2 m g  used used O.D. perminnte 
pro te in  wi th  2o #mo le s  p h o s p h a t e ;  wa te r  to 3 ml. 
The  comple te  s y s t e m  (pH 6.0) for the  reduc t ion  of P H S  D P N  + 0.080 
GSA con ta ined :  phospha te ,  3oo ¢tmoles; DL-GSA H H S  D P N  + o.o8o 
(calculated as t he  open-cha in  form), 6 /zmoles ;  None  D P N  + o . o o 6  
nucleot ide,  0 .6/~mole;  enzyme,  2 m g  prote in ;  wa te r  P H S  T P N  + o.o16 
to 3 ml, For  bo th  sys t ems ,  the  t e m p e r a t u r e  was H H S  T P N  + o.o15 
25 ° C, and  opt ical  dens i ty  was  m e a s u r e d  a t  34 ° m/ ,  None  T P N  + o.o05 
in a B e c k m a n  s p e c t r o p h o t o m e t e r  (light pa th ,  i cm). GSA D P N H  - -  o.o75 
No  appreciable  opt ical  dens i ty  changes  occurred with None  D P N H  - -  o.oo5 
boiled e n z y m e  p repa ra t i ons  or in t he  absence  of GSA T P N H  --O.OLO 

nucleot ide.  None  T P N H  - -  o.oo4 

E N Z Y M I C  D E H Y D R O G E N A T I O N S  A N D  

R E D U C T I O N S  

The  D P N H -  or T P N H - d e p e n d e n t  reduc t ion  of GSA (prepared as p rev ious ly  descr ibed 5) is 
also p r e sen t ed  in Table  I. The  reac t ion  product ,  P HS ,  was  identif ied by  two-d imens iona l  co- 
c h r o m a t o g r a p h y  wi th  a u t h e n t i c  P H S  and  by  chemical  convers ion  to  prol ine ~. A one to one mola r  
r e la t ionsh ip  was  observed  be tween  L-GSA c o n s u m e d  and  L-PHS (de termined  as L-proline s, 
cor rec ted  for incomple te  conversion)  produced .  

The  e n z y m i c  reac t ions  repor ted  t h u s  appea r  to be in accord wi th  the  following schemat i c  
e q u a t i o n  : 

* Th i s  inves t iga t ion  was  a ided .by  a con t r ac t  b e t w e e n  t he  Office of Nava l  Research ,  D e p a r t m e n t  
~ f  t he  N a v y ,  and  Yale Un ive r s i t y  and  by  the  Atomic  E n e r g y  Commiss ion ,  Cont rac t  No. AT- 
~30-I)-IO17. 

* * T h e  following abb rev i a t i ons  are  used:  PC, ~l l -pyrrol ine-5-carboxyl ic  acid;  GSA, g lu t amic  
y - s e m i a l d e h y d e ;  PHS,  p e n t a h o m o s e r i n e  ( a - amino-d -hydroxyva le r i c  acid);  HHS,  hexabomose r ine  
(a -amino-e -hydroxycapro ic  acid); D P N ,  d iphosphopyr id ine  nucleot ide ;  T P N ,  t r i phosphopyr id ine  
nucleot ide ;  D P N H  a n d  T P N H ,  t he  reduced  fo rms  of t he  respect ive  nnc leo t ides ;  O.D.,  optical  
dens i ty .  

*** DL-PHS was k ind ly  p rov ided  by  Dr. L. BERLINGUET and  by  Dr. E. E. SNELL. DL-HHS 
a n d  opt ical  e n a n t i o m o r p h s  2 of P H S  and  of H H S  were also obta ined  t h r o u g h  t he  generos i ty  ot 
Dr .  BERLINGOET. T h e  homoser ine ,  serine,  and  th reon ine  used were in the  DL-form. 
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N H  2 NH~ 
I I 

HOCH~" (CH,) n" CH" C OOH + D P N  + ,~-OCH" (CH,)n" CH.  COOH + D P N H  + H + 
where  n = 2 or 3. (or T P N  +) (or T P N H )  

P r e s u m a b l y  all t h e  reac t ions  descr ibed by  th i s  equa t ion  are ca ta lyzed  by  a single enzyme ,  
s ince  an  e n z y m e  p repa ra t i on  t h a t  was  more  t h a n  9 o %  inac t iva t ed  t h r o u g h  hea t i ng  a t  6o~C 
showed a p p r o x i m a t e l y  t he  s ame  relat ive ac t iv i ty  wi th  t he  respect ive  subs t r a t e s  and  nucleot ides .  

The  fresh and  hea t - t r e a t ed  p repa ra t i ons  also ca ta lyze  t he  reduc t ion  of D P N  or T P N  in t he  
presence of a lower homologue  of P HS ,  homoser ine .  I n  th i s  case, wi th  fresh prepara t ions ,  T P N  
is reduced  cons iderab ly  fas ter  t h a n  is DP N,  whereas  t he  reverse  is t rue  wi th  hea t - t r e a t ed  prepa-  
r a t ions  (under  s imilar  t e s t  condit ions) .  I t  is t h u s  possible t h a t  t he  fresh p repa ra t ions  con ta in  
more  t h a n  one e n z y m e  capable  of ac t ing  on homoser ine .  Accordingly,  the  re la t ionship  of t he  
P H S -  or H H S - d e h y d r o g e n a t i n g  e n z y m e  to t he  homoser ine  dehydrogenase  s of yea s t  is uncer ta in .  
Serine,  th reonine ,  and  ace ta ldehyde  did no t  appea r  to be subs t r a t e s  for the  e n z y m e  prepara t ions .  

Very  probably ,  t he  dehydrogenase  t h a t  ac t s  on P H S  or H H S  is involved in t he  g rowth  
response  of cer ta in  N. crassa m u t a n t  s t ra ins  to these  to -hydroxy-a -amino  acids. P H S  is ut i l ized 
by  m u t a n t s  t h a t  respond  a l t e rna t ive ly  to proline or to o rn i th ine  9 and  H H S  by  some  m u t a n t s  
t h a t  respond  to lysine TM. The  par t ia l  r ep l acemen t  of a rg in ine  by  P H S  in t he  diet  of chicks 11 m a y  
well depend  in pa r t  on a s imilar  enzymic  react ion.  The  g rowth -p romot ing  ac t iv i t ies  of P H S  a n d  
H H S  are  t h u s  ascr ibed to t he  fo rma t ion  of t he  respect ive  ¢o-semialdehydes.  Whi l e  it is t h o u g h t  
l ikely t h a t  the  to-semialdehydes ,  b u t  no t  t he  cor responding  h y d r o x y  compounds ,  are ac tua l  
b io syn the t i c  in te rmedia tes ,  t he  possibi l i ty  t h a t  t h e  h y d r o x y  c o m p o u n d s  have  some " n o r m a l "  
me tabo l i c  func t ion  is no t  excluded.  The  key  pos i t ion  of GSA in t he  g lu t amic  fami ly  of N. crassa 
has  been reportedlY, 13. T he  prev ious ly  considered possible role of a -aminoad ip ic  ~-semia ldehyde  
a s  an  i n t e rmed ia t e  in lysine syn thes i s  14-1~ is suppor t ed  b y  t he  p re sen t  f inding t h a t  th i s  semi-  
a ldehyde  is the  p roduc t  of an  enzymic  reac t ion  whose  subs t r a t e  is k n o w n  to sa t i s fy  a lysine 
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The structure of the prosthetic group of bovine submaxillary 
gland mucoprotein 

:Bovine s u b m a x i l l a r y  g land  mucop ro t e i n  (BSM) con ta ins  a b o u t  17 % sialic acid and  9.2 % N-ace ty l -  
_galactosamine;  in addi t ion ,  N-ace ty lg lucosamine ,  galactose,  mannose ,  a n d  fucose are  p re sen t  in 
ve ry  smal l  a m o u n t s  z, ~, s. I t  was  shown  previously4 t h a t  t he  reduc ing  group of sialic acid is jo ined 

i n  a glycosidic l inkage to  t he  res t  of t he  mucopro t e in  and  t ha t ,  a t p H  1 .o and  80 °, 78 % sialic acid, 
.and sialic acid only,  is re leased f rom BSM. Vibrio cholerae neu ramin ida se  s spli ts  off u p  to 64 % 

* Fellow of t he  J a p a n  Society.  This  work  is pa r t  of a d i sser ta t ion  to be  p resen ted  b y  T.  YrJRA 
:for t he  degree of Doc to r  of Ph i lo sophy  in Yale  Univers i ty .  


