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Citrullinemia: Elevated Serum Citrulline Levels 
Citrul l inemia is a rare disorder  of t he  orn i th ine  urea 

cycle. Only 2 cases have  been  s tudied  and  r epo r t ed  up 
to now ~,2. Our own obse rva t ion  refers to a new-born  
b a b y  who was a d m i t t e d  in spr ing 1969 to the  hosp i ta l  
and died af ter  a shor t  clinical course w i th  signs of severe 
in toxica t ion .  The amino  acid analysis  of the  p a t i e n t ' s  
se rum and ur ine revealed high a m o u n t s  of ci trul l ine which  
Ied to  t h e  diagnosis.  Subsequen t ly  t he  se rum citrull ine 
levels of t he  fami ly  m e m b e r s  have  been  de te rmined .  

Material and methods. Blood samples :  Blood samples  
in fami ly  m e m b e r s  and controls  have  been t aken  by  
ven ipunc tu re  af ter  overn igh t  fasting.  Blood was allowed 
to d o t ,  centr i fuged,  the  serum removed  and  immed ia t e ly  
deprote in ized  wi th  picric acid, t h e n  centr i fuged again  
and  the  s u p e r n a t a n t  s tored  at  2 ~ (up to  24h) unt i l  fu r ther  
process ing could be done. 

Methods. 1. High  Vol tage  Elec t rophores i s  (HVE):  
H V E - a p p a r a t u s  wi th  water -cooled  t a n k  (Camag, Mut-  
tenz,  Switzerland).  Acet ic-acid/ formic-acid  buffer :  p H  1.9 
(120/26 ad 1000). Runn ing  t ime :  14 rain, Po ten t ia l -  
difference 100 V/cm Fi l t e r -paper :  Schleicher-Schii l l  
2043 B (Camag, Mut tenz ,  Switzerland).  

Dipp ing  reagents :  a) N inhydr in  in acetone  (2 g/l). 
b) Ehr l i ch ' s  r eagen t  2 g d imethy lbenza ldehyde /100  ml  
HC1 20% -k 300 ml acetone  (freshly prepared) .  Ascending 
pape r -ch romatography  wi th  butanol /ace t ic /water  (12:3 : 5) 
m a y  follow in the  second dimension.  Ur ine  samples  cor- 
responding  to 15 ~zg creat in ine  for one-dimensionM H V E  
or 7.5 ~zg for two-d imens iona l  H V E  and  c h r o m a t o g r a p h y  
are used (half quant i t i es  in new-born  babies).  Serum is 
depro te in ized  wi th  acetone  (1:1) and  40 ~l of the  super-  
n a t a n t  is used. 

2. Column c h r o m a t o g r a p h y  according to the  m e t h o d  
of STEIN and Moo~x  ~. Amino  acid analyzer  BC 200 
(Biocal I n s t r u m e n t ,  G m b H ,  Munich,  Germany) .  Double  
co lumn m e thod :  Acidic and neut ra l  amino acids wi th  

Serum citrulline levels. Table I summarizes the serum citrulline levels 
which was measured in the patient and his family compared with 
the mean and standard deviation (S.D.) of 22 healthy adults. 
Serum citrulline levels of the patient and his family compared with 
normal values 

Normal values i S.D.b Citrulline (rag/l) Relationship 
5.35 + 0.99 

1. W.N. 6 days 144 patient 

2. W.T. 2 years 18.4 ~ brother 

3. W.S. 3 years 6.4 brother 

4. W.R. 34 years 25.9 ~ father 

5. W.G. 31 years 8.01~ mother 

6. W.A. 28 years 8.80 ~ father's brother 

7. M.M. 40 years 16.0 ~ father's sister 

8. V.J. 32 years 5.6 mother's sister " 

9. F.A. 18 years 10.4~ mother's brother 

10. W.A. 72 years 12.0~ father's father 

11. F.A. 61 years 5.15 mother's father 

12. F.E. 60 years 9.73 ~ mother's mother 

These healthy family members show values which distinctly surpass 
the normal values of our laboratory, i.e. they are higher than the 
mean plus 2 S.D. b 22 healthy adults, hospital staff. 

in Healthy Siblings 
sodium ci t ra te  buffer  p H  3.25 and  4.25 respec t ive ly  
( t empera ture  30~ and 55~ Basic amino acids w i th  
sodium c i t ra te  buffer  p H  4.26 and 5.28 respect ively .  
Sta in ing wi th  n inhydr in .  Serum is deprote in ized  wi th  
picric acid followed by  absorp t ion  of the  remain ing  pre-  
c ip i tant .  The eluate is dr ied by  evapora t ion  in vacuum.  

Diagnosis. An urine sample  of the  5-day-old p a t i en t  
has  been examined  by  H V E .  As a suspicious p a t t e r n  of 
amino  acids was detec ted ,  t he  H V E  was followed by  
p a p e r - c h r o m a t o g r a p h y  in t he  second dimension.  Un-  
usually high amo u n t s  of the  following groups of amino  
acids were de tec ted  : Lys ine /orni th ine ,  alanine, g lu tamine /  
citrulline. Presence  of citrull ine was suspected  because 
s ta in ing  wi th  ]~hrlich's reagen t  over  the  s ta in ing  wi th  
n inhydr in  p roduced  an orange colour. Citrulline could 
in tac t  be ident i f ied by  direct  s ta in ing  wi th  Ehr l i ch ' s  
reagen t  which  gave at  the  expec ted  posi t ion the  yel low 
colour character is t ic  for citrulline. The serum of t he  
pa t i en t  was examined  on the  following day  and  a gen- 
eralized h y p e rami n o ac i d emi a  was de tec ted .  The amino  
acid p a t t e r n  was very  s imilar  to  t h a t  found in the  ur ine:  
a lanine and  glutamine/c i t ru l l ine  were found to  be p resen t  
in excessive amo u n t s  and  the  concen t ra t ions  of lysine/  
orni th ine  were e levated as well. The cor responding  s ta inings 
w i th  Ehr l i ch ' s  reagent  led to t he  same results  as observed 
in t he  urine. In  th is  way  on the  6th day  of life t he  diagnosis 
of c i t rul l inemia seemed very  probable .  U n f o r t u n a t e l y  our 
p a t i en t  died on the  same day. On the  day  of d e a t h  he had  
received no pro te ins  a t  all, the  day  before only 0.3 g/kg 
body  weight.  The diagnosis of c i t ru l l inemia has  been  
verif ied by  column c h r o m a t o g r a p h y  on the  pa t i en t ' s  
serum. The a m o u n t  of ci trull ine was de t e rmined  to be 
144 rag/1. 

Inheritance. The fami ly  t ree  (Figure) is compa t ib le  
wi th  an au tosomal  be•  inher i tance .  The two 
families of the  g rand-pa ren t s  come f rom di f ferent  villages 
of the  Black Forest .  The two preceding  genera t ions  do 
no t  show any  consanguin i ty  and  fu r ther  back  a con- 
sanguin i ty  is very  improbab le  too. In  t he  numerous  
k inship  there  is ne i ther  a h igh  neona ta l  mor t a l i t y  nor  an 
increased n u m b e r  of abor t ions .  

Discussion. I t  seems t h a t  he te rocygotes  of c i t rul l inemia 
can be de tec ted  by  a s imple de t e rmina t i on  of citrull ine in 
fas t ing blood. The citrull ine values  of the  pa ren t s  of the  
second p a t i en t  in the  l i te ra ture  4 also showed a higher  

,zj. 
z~  Pneumonia 

Persons with citrulline levels exceeding 7.33 rag/1 (i.e. Mean + 2 S.D., 
see Table) are represented by ~ or (~. 
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t h a n  normal  value, which  suppor t s  our view. The course 
of the  first  2 cases was r a the r  d i f ferent  as t hey  were 
de t ec t ed  at  the  age oi  4 years  and 21 months .  The 
diagnosis of c i t rul l inemia is however  clearly es tabl ished 
in our pa t ient ,  and  dea th  early in the  neona ta l  per iod 
could be the  rule r a the r  t h a n  the  except ion.  Thus  citrul- 
l inemia would be d iagnosed much  more  rare ly  t h a n  
would correspond to its real occurrence 5. 

Citrullins yon den nicht  be t rof fenen  Fami l ienmi tg l iedern  
abgegrenz t  werden.  

H. Wick ,  T. BRECHB~JHL:gR 
and J. GIRARD 

Chi ldren ' s  H o s p i t a l  o/ the Un ive r s i t y  o/ Basel ,  
C H - 4 0 0 0  Base l  5 (Switzerla~r 9 F e b r u a r y  1970. 

Z u s a m m e n / a s s u n g .  Die Fami l i enun te r suchung  eines 
3. Falles von Citrul l inaemie spr icht  ffir eine au tosomal  
he te rozygote  Vererbung.  Die Merkmalstr~iger khnnen  
du tch  eine einfache N t i c h t e r n s e r u m - B e s t i m m u n g  des 

We gratefully acknowledge the very valuable help of the family 
doctor of our patient, Dr. K. GkRARD, and we thank our tech- 
nician, Mrs. BI~DOUCHA, for her continuous effort in pursuing 
promptly any suspicion of a metabolic disorder. 

T h e  E f f e c t  o f  T e m p e r a t u r e  o n  t h e  P e p t i c  P r o t e o l y s i s  o f  O v a l b u m i n  

The t e m p e r a t u r e - d e p e n d e n c e  of pept ic  hydrolys is  of a 
pro te in  was s tudied  by  BULL and CrJRRIE z, who employed  
ovalbumir~ as subs t ra te .  We have  r e -examined  th is  pro-  
b lem in view of the  f inding t h a t  the  Michaelis cons tan t  for 
t h a t  react ion does not  depend  on p H  2 and in view of the  
evidence t h a t  Krn for the  pept ic  hydrolys is  of se rum albu- 
m~n 8 and of ova lbumin  2 is the  equi l ibr ium cons t an t  to t  
the  dissociat ion of the  enzyme-subs t r a t e  complex  into 
enzyme and subs t ra te .  

The kinet ics  of t h e  act ion of peps in  (Nutr i t ional  Bio- 
chemicals  Corp., twice recrystall ized) on ova lbumin  
(twice recrystallized~), bo th  na t ive  or ac id -dena tu red  2, 
was followed by  de te rmin ing  the  t r ichloroacet ic  acid- 
soluble mater ia l  absorbing  at  275 nm, in al iquots  r emoved  
periodical ly f rom the  incubat ion  media  ~. W h e n  na t ive  
ova lbumin  was used as subs t ra te ,  care was t aken  to 
measure  t he  initial  veloci ty  of proteotys is  w i thou t  inter-  
ference of subs t r a t e  dena tu ra t ion  ~,s 

The effect  of t e m p e r a t u r e  on the  initial  veloci ty  of 
pept ic  hydrolys is  of na t ive  and dena tu red  ova lbumin  was 
s tudied  at  the  respect ive  p H  opt ima,  and the  results  are 
shown in Table  1. Al though we have  observed t h a t  v~,~ 
values were cons is ten t ly  lower wi th  dena tu red  t h a n  wi th  
na t ive  ovalbumin,  t he  t e m p e r a t u r e - d e p e n d e n c e  of v~,~ 
was no t  s ignif icant ly di f ferent  for the  2 kinds of subs t ra te ,  
yielding ac t iva t ion  energies (EA) of 13.7 ( ~  1.0) kcal /mole 
and 12.7 (~- 1.0) kcal /mole for the  na t ive  and dena tu red  
snbs t ra ted ,  respect ively.  This would seem to indicate  a 
difference in ac t iva t ion  en t ropy  (A S*) for the  b reakdown  
of the  enzyme-subs t r a t e  complex  into products .  Unfor-  
t una t e ly  ~chis difference be tween  the  2 k inds  of subs t r a t e  
could no t  be de tec ted  by  es t imates  of zlS* f rom E A and 
ra te  cons t an t  values  because of the  large errors involved.  
We have  calcula ted f rom our da t a  t h a t  A S* for na t ive  and  
dena tu red  subs t ra tes ,  a t  25~ was - -8  and - -13  ca1/ 
~ respect ively,  bu t  the  e s t ima ted  s t anda rd  devia t ion  
for these  values was 3.5 cal/~ 

F r o m  the  Km values  a t  38 ~ we ob ta in  an estimafie of 
-- 5.8 kcal /mol  for the  free energy of associat ion be tween  
pepsin  and  ovalbumin,  bo th  na t ive  and dena tured .  Al- 
t hough  our sys tem does no t  allow m e a s u r e m e n t  of the  
ac t iva t ion  energy  for the  associat ion of enzyme wi th  sub- 
s t rafe ,  t he  m a x i m u m  value for this  p a r a m e t e r  should be 
7.9 (~= 1.1) kcal /mole for the  na t ive  and 6.9 (=~ 1.4) kcal/  
mote for t he  dena tu red  subs t ra te .  The absence of a signifi- 
can t  difference be tween  these  2 values cont rad ic t s  the  
hypo thes i s  5,7 t h a t  a ra te - l imi t ing  acid dena tura t ion ,  as 
the  first  s tep  in pept ic  proteolysis  would cause the  lower 
p H - o p t i m a  observed wi th  nat ive,  as compared  wi th  de- 

natured,  pro te in  subs t ra tes .  If this  hypo thes i s  were valid, 
the  ac t iva t ion  energy for the  associat ion of enzyme wi th  
na t ive  subs t r a t e  would  include t h a t  of the  acid dena tu ra -  
t ion s . We  have  found t h a t  acid dena tu ra t ion  of oval- 
bumin,  in the  condi t ions  prevai l ing in our enzyme reac- 
t ions, has  an ac t iva t ion  energy of 33.9 (~= 3.6) kcal /mole 

Table I. Effect of temperature on K m and Vma x for peptic proteolysis 
of native and denatured ovaibumin 

Temperature K m • 10 ~ Vma x 
(~ (M) (A A/rain) 

Native ovalbumin 
20.0 2.00 (:k 0.19) 0.340 {4- 0.026) 
25.0 1.43 (=c 0.25) 0.530 (:~ 0.035) 
30.0 1.00 (~ 0.11) 0.730 (-- 0.028) 
35.0 0.88 {:~ 0.23) 1.130 ( i  0.015) 
38.0 0.80 ( i  0.12) 1.180 (~= 0.020) 

Denatured ovalbumin 
19.0 1.47 (=c 0.13) 0.173 (•  0.007) 
29.0 0.97 (-~-0.09) 0.416 (~ 0.018) 
33.3 0.83 (:k 0.08) 0.476 (-[- 0.006) 
38.0 0.77 (• 0.640 (~=0.010) 
40.0 0.74 (~ 0.05) 0.675 (~- 0.006) 

Initial velocities at several substrate concentrations, ranging from 
5 • 10 -~ to 3 • 10 ~M, were measured at pH 0.8 with the native and 
pH 1.65 with the denatured ovaIbumin. K m and Vr~ax values were 
estimated from the least-square equation for the 1]v versus 1/[S] 
plots. Vma x is expressed by the increase of absorbance of the tri- 
chloraeetic acid filtrate at 275 nm/miu. Pepsin concentration was 
2.8 • 10 "M in all the experiments. Figures in parentheses indicate 
the standard deviations calculated from the error of the estimates 
of the intercepts and slopes of the least-square lines. 
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