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12 h of i ncuba t ion ,  is in  a g r e e m e n t  w i t h  t he  resul t s  of 
JouNI  UITTO 1 a n d  JUKKA UITTO 1~. The  con t inuous  pro-  
gress in  t he  i n c o r p o r a t i o n  of ~C-pro l ine  was in accordance  
to the experiments of Y~I~ et al. ~. It is possible that pro- 
tocollagen proline hydroxylase was inactivated before the 
incorporation of ~C-proline was finished. The pH de- 
pendency of the incorporation and hydroxylation and the 
same optimal pH value was found earlier in studies of dif- 
ferent connec t ive  t issues ~, l~, ~x. Th i s  ind ica tes  a s imi l a r i t y  
be tween  t he  m e t a b o l i c  processes u n d e r  s t u d y  ~s. 

Zusammen/assung. Mit  B a k t e r i e n  im I n k u b a t i o n s m e -  
d ium wurde  eine 10-bis 15-fache E r h 6 h u n g  def  ~aC-Prolin- 
I n k o r p o r a t i o n  u n d  eine s t imu l i e rende  W i r k u n g  der  ~aC- 
I - tyd roxypro l in -Syn these  gefunden.  Diese t 3eobach tungen  
zeigen, dass  s ter i le  B e d i n g n n g e n  n o t w e n d i g  sind,  u m  fal- 

sche Schluss fo lgerungen  d u t c h  die U n t e r s u c h u n g  des 
K o l l a g e n m e t a b o l i s m u s  m i t  ~C-Prolin•  in  v i t ro  zu 
ve rmeiden .  
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Evidence for the Excret ion  of 2 - P h e n y l e t h y l a m i n e  Glucuronide  in H u m a n  Urine ~ 

The  presence  of 2 - p h e n y l e t h y l a m i n e  (PEA),  as a 
n o r m a l  c o n s t i t u e n t  of h u m a n  ur ine,  was  f i rs t  r epo r t ed  b y  
JEPSON et  al. 2. I t s  levels are of medica l  i n t e r e s t  because  i t  
is increased  in p h e n y l p y r u v i c  o l igophren ia  a and  in t he  
m a n i c  p h a s e  of m a n i c  depress ive  psychos is  4, and  decreased  
in p a t i e n t s  w i t h  endogenous  depress ion  5-v, The  i d e n t i t y  
of P E A  in  h u m a n  u r ine  s, b r a i n  9, a n d  in  p e r i p h e r a l  
o rgans  1~ h a s  been  a sce r t a ined  b y  us us ing  a v a r i e t y  of 
p rocedures  e.g., UV-,  mass  and  I R-  spect roscopy.  I t s  
occurrence  in  an ima l s  o the r  t h a n  m a n  h a s  been  r epo r t ed  
b y  o the r s  a n d  ourselves  us ing  UV-11, ~2, mass  and  I R -  
spec t roscopy  ~a and  b y  gas- l iquid  c h r o m a t o g r a p h i c  pro-  
cedures  ~a. However ,  l i t t l e  is as ye t  k n o w n  a b o u t  t he  
m e t a b o l i s m  of P E A  in vivo.  More  recent ly ,  BOVLTON and  
MILWARD ~ found  t h a t  in  a d d i t i o n  to free P E A ,  h u m a n  
ur ine  c o n t a i n s  c o n j u g a t e d  forms  of P E A :  t he  n a t u r e  of 
t h e  con juga t e s  is u n k n o w n .  I n  t h i s  paper ,  we r e p o r t  
ev idence  for sugges t ing  t h a t  a t  leas t  one fo rm of t h e  
P E A  c o n j u g a t e  excre ted  in  h u m a n  u r ine  is /?-PEA 
glucuronide .  

Materials and methods. Mor n i ng  ur ine  sample  (100 to  
300 ml) f rom hea l thy ,  n o n - m e d i c a t e d  h u m a n  vo lun tee r s  
were col lected in to  p las t i c  v ia ls  c o n t a i n i n g  5 m l  of a 1% 
so lu t ion  of b e n z a l k o n i u m  chloride,  a n d  used sho r t l y  a f t e r  
collection.  U r i n e  samples  o b t a i n e d  f rom 10 sub jec t s  were 
pooled before  expe r imen t ,  a n d  lots  of 100 ml  of u r ine  were 
used in  each  d e t e r m i n a t i o n .  

Af te r  b r i ng ing  t he  u r ine  p i t  to  12.5 w i t h  1 N N a O H ,  
excess 15 ml  1 N N a O t I  were  added  to  m a x i m i z e  t he  
r e m o v a l  of amines  o the r  t h a n  ]PEA. Free  P E A  was 
e x t r a c t e d  f rom the  u r ine  in to  100 m l  spec t rog rade  n- 
hexane .  The  P E A  in t h e  organic  so lven t  was  t h e n  
e x t r a c t e d  in to  10 ml  0.8 N HC1; 9 ml  of t h i s  acid e x t r a c t  
were used for  t he  q u a n t i t a t i v e  d e t e r m i n a t i o n  of P E A  
us ing  t he  m e t h o d  of MOSNAI~ and  INWANG t~ 

TO d imin i sh  t he  poss ib i l i ty  of u r i n a r y  g lucuronidase  
in te r fe r ing  w i t h  t h e  assays,  u r i n a r y  enzymes  were 
i n a c t i v a t e d  b y  i n c u b a t i n g  t h e  ur ine  s amples  a t  65 ~ for  
1/2 h in  a w a t e r  b a t h .  The  ur ine  s am p l e s  were t h e n  cooled 
to room t e m p e r a t u r e  a n d  f i l te red  t h r o u g h  W h a t m a n  
No. 4 f i l te r  paper .  The  f i l t r a t e  was  d iv ided  in to  3 a l iquo ts  
to  be  used  in  t h e  fol lowing e x p e r i m e n t s :  a) e x t r a c t i o n  
a n d  d e t e r m i n a t i o n  of free P E A  as descr ibed above,  fol- 
lowed b y  acid hydro lys i s  (addi t ion  of c o n c e n t r a t i o n  t tCI  
a n d  h e a t i n g  in  a w a t e r  b a t h  a t  100~ for 30 rain) of t h e  
con juga t e  subs tances  r e m a i n i n g  and  s u b s e q u e n t  e x t r a c t i o n  
a n d  d e t e r m i n a t i o n  of t h e  P E A  freed b y  th i s  hydro lys i s  
( con juga ted  :PEA); b) acid hydro lys i s  (as descr ibed  

above)  of t he  u r ine  fol lowed b y  e x t r a c t i o n  a n d  de te r -  
m i n a t i o n  of P E A  (free a n d  con juga ted)  ; c) e x t r a c t i o n  a n d  
d e t e r m i n a t i o n  of P E A  f rom ur ine  samples  t r e a t e d  w i t h  
f i -glucuronidase as follows: 100 ml  lots  of t h e  u r ine  
sample  were b r o u g h t  to  p H  5.3 w i t h  ace t a t e  buffer .  5 ml  of 
a 5% so lu t ion  of f l -glucuronidase (50,000 u n i t s ;  K & K 
Labs.)  in  sod ium a c e t a t e  buf fe r  were  added ,  a n d  t he  
f lask was  i n c u b a t e d  w i t h  s h a k i n g  for 1 h in  a w a t e r  b a t h  
m a i n t a i n e d  a t  37~ E n z y m e  a c t i v i t y  was s topped  b y  
a d d i n g  10 ml  of 2 M NH~OH.  

Results and discussion. As shown  in t he  Table ,  t o t a l  P E A  
(free a n d  con juga ted)  o b t a i n e d  a f te r  acid hyd ro lys i s  
(551 vg/1) was  a l m o s t  iden t i ca l  to  t h e  sum of t h e  free and  
c o n j u g a t e d  forms  of P E A  o b t a i n e d  sepa ra t e ly  (568 ag/l)  
a n d  was also s imi la r  to  t he  va lue  o b t a i n e d  (515 ~g/l) 
w h e n  f l -glucuronidase was s u b s t i t u t e d  for  HC1 in t he  
hydro lys i s ,  i n d i c a t i n g  t h a t  m o s t  u r i n a r y  c o n j u g a t e d  P E A  
exis t  as i t s  fl-glucuronide. The  obse rved  excre t ion  r a t e s  
for free P E A  were c o m p a r a b l e  to  those  o b t a i n e d  b y  o the r  
i nves t iga to r s  us ing  a f luoromet r i c  m e t h o d  ~ (mean  
336 [~g/24 h ;  r ange  105-775) and  gas c h r o m a t o g r a p h y  ~5 
(mean  450 [zg/24 h ;  r ange  116-1420).  Lower  va lues  were 
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Experimental condition PEA ~zg/1 urine 
mean~ :c S.E. 

a) Urine extracted without acid hydrolysis 
(free PEA) 292 -t= 45 
Urine extracted after acid hydrolysis 
(conjugated PEA) 276 J_ 62 

b) Urine extracted after acid hydrolysis 
(free +conjugated PEA) 551 • 78 

c) Urine extracted after incubation with 
glucuronidase (free PEA + PEA glucuronide) 515 i 69 

"Average of 5 replicates. 

repor ted  using the  PEA-a l l oxan  f luorometr ic  technique  6 
(mean 47 txg/24 h, range 5-167). Values for u r ina ry  
conjuga ted  P E A  levels are no t  avai lable  in the  l i terature.  

Recove ry  studies indicated t h a t  over  95% of the free 
P E A  was r emoved  from the  ur ine  af ter  a single n-hexane  
ex t rac t ion ;  a second ex t rac t ion  y ie lded tess t han  5% 
more  free P E A .  However ,  af ter  the  ex t rac t ion  and 
remova l  of free P E A  from the  urine, and  the  conjugated  
substances alone were subjected to ei ther  acid hydrolysis  
or  incubated  with  fl-glucuronidase under  the  condit ions 

previous ly  described, addi t ional  quant i t ies  of P E A  were 
ex t rac tab le  in each case which accounted for  approxi-  
ma te ly  50% to 60% of the  to ta l  P E A  (free plus conju- 
gated).  In  mos t  ur ine samples, the  P E A  values  ob ta ined  
by acid hydrolysis  of the  conjugated  substances were 
s imilar  to the  values obta ined by  enzymat ic  hydrolysis .  
However ,  in some ur ine samples, s ignif icant ly  h ight -  
values  of conjugated  P E A  were obta ined  by  acid hydro lyr  
sis [69.8 -4- 15.7 Mean (of 5 replicates) =k S.E.] t han  by  
fl-glucuronidase degradat ion  I36.0 -4- 9.0 Mean (of 5 
replicates) ~ S.E.J. These results  led us to suggest  t ha t  
P E A  glucuronide is one of the  major  excre t ion  products  of 
con juga ted-PEA,  bu t  there  m a y  be other  forms, p robab ly  
ethereal  sulfates or P E A  associated w i t h  uric acid. 

Zusammen/assung. Nachweis,  dass  die Ausscheidung 
yon 2-Phenylae thy lamin-Glucuronid  im Urin  yon ge- 
sunden Versuchspersonen zwischen 50 und 60% der 
Gesamtmenge  betrggt .  
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On the Fractionation of Halophilic Enzymes with 

The enzymes  f rom ex t r eme ly  halophi l ic  bacter ia  
require  high salt  concent ra t ions  for bo th  ac t iv i ty  and 
stabil i ty1,  2. The salt  r equ i rement  for s tab i l i ty  makes  
pur i f ica t ion  of these enzymes  a diff icul t  task,  since ve ry  
few methods  can be appl ied successfully in the  presence 
of NaC1 concent ra t ions  ranging from 3 to 5 M. A m m o n i u m  
sulphate  f ract ionat ion,  perhaps the  commones t  procedure  
in enzyme purif icat ion,  is ve ry  diff icult  in the  presence 
of high concent ra t ions  of monova len t  cat ions 3. Different  
ways  of avoiding this  diff icul ty have  been repor ted  in the  
l i terature ,  namely  prec ip i ta t ion  on the  enzme af ter  
r emova l  of the  NaC1, followed by  rena tura t ion  by  
dialysis against  5 M  NaCt3; p rec ip i ta t ion  af ter  r emova l  
of the  salt, p ro tec t ing  the  enzyme under  s tudy  wi th  
substra tes  4, 5, and direct  p rec ip i ta t ion  wi th  solid ammo-  
n ium sulphate  s ta r t ing  wi th  a crude ex t rac t  in 2 M  
(NH~)2SO~ 6. The first  procedure  usual ly  gives low 
yields3,~; the  second can be appl ied only to enzymes  
susceptible of protec t ion  by  substrates  or cofactors.  The 
results presented here show tha t  considerable purif icat ion,  
wi th  reasonably  good yields, of several  halophil ic  enzymes,  
can easily be a t t a ined  by  direct  f rac t ionat ion  of a crude 
ex t rac t  in 5 M  NaC1 wi th  a sa tu ra ted  solut ion of ammo-  
n ium sulphate.  

The  strain of Halobacterium cutir~br~,~m, the  condi t ions  
of growth,  ha rves t ing  and washing of the  ceils, the  pre- 
pa ra t ion  of the celI-free extracts ,  the  DNAase  t rea tment ,  
and the  de te rmina t ions  of protein,  were as previous ly  
described T, s. The crude ext rac t ,  in 0 .05M Teis-HC1 
buffer (pH 7.6)~ conta in ing 5 M  NaC1 and 1 m34 EDTA,  
was brought  successively to the  following concentra t ions  
of a m m o n i u m  sulphate:  2 .6M;  3 .03M;  3 .25M;  3 .57M;  
3 .68M;  3 .9M and 4.1M, by  the addi t ion  of e i ther  
sa tu ra ted  a m m o n i u m  sulphate  solution (containing 1 m M  
E D T A  and adjus ted  to p H  7.0 wi th  NH4OH ) (fractions 
P1 to P~) or solid a m m o n i u m  sulphate  (Fract ions P3 and 
PT). The  concent ra t ion  of the  sa tu ra ted  a m m o n i u m  

Ammonium Sulphate 

sulphate  solut ion was t aken  as 3.9 9, since the  f ract iona-  
t ions (with the  except ion  of the  last  one) were per formed 
a t  0-5~ The concentra t ions  l isted above correspond, 
therefore,  to 66; 77.6; 83.3; 92; 94.3; 100% (at 0~ and 
100% (at 25~ sa tura t ion  respect ively.  I n a l l  cases the 
add i t ion  of the  a m m o n i m n  sulphate  was made  slowly and 
wi th  efficient stirring. Af te r  an addi t ional  10 min  s t i r r ing 
period, the  suspensions were centr i fuged for 20 rain at  
3%000 • g. The bulky  red precipi ta tes  ob ta ined  f rom the  
first  and second fract ions were washed wi th  an (NH4)2 SO4- 
NaC1 solut ion of the  appropr ia te  concentrat ion,  centri-  
fuged again, and the  washings pooled wi th  the  original  
superna tan t  fluids. All prec ip i ta tes  were redissolved in 
1 ml  of the  Tris-IIC1- 5 M NaC1- E D T A  solut ion and used 
as such for the  enzyme assays. In  some of the  exper iments  
the  sa tura ted  a m m o n i u m  sulphate  solut ion contained 
0.3 m M  N A D H .  For  the  exper iments  wi th  solid a m m o n i u m  
sulphate,  the  cell-free ex t rac t  was dialysed overn igh t  
against  100 volumes  of 0 .05M Tris-HC1 buffer  (pH 7.6) 
conta in ing  2 M  (NH4)2SO 4 and 1 m M  EDTA,  and then  
the  dialysed ex t rac t  was b rought  to the  same a m m o n i u m  
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