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composi t ion of its satel l i te  DNA,  compris ing about  10% 
of to t a l  DNA,  is known to be s ignif icant ly AT-r icher  t h a n  
t h a t  of the  main  band 4. 
Materials and methods. D N A  was isolated from murine  
leukemia  L5178Y lymphoblas t s  according to Marmur~. 
His tone  F1 was prepared  f rom calf t h y m u s  by ex t rac t ion  
wi th  5% perchloric  acid according to Johns  6. His tone  F1- 
D N A  complexes  were obta ined  by  mixing suitable vo lumes  
of the  F1 solution wi th  the  D N A  solution, both  in 2.0 M 
NaC1, to give required weight  rat io and gradual  dialysis 
down to 0.4 M NaC1 (4 h), 0.3 M NaC1 (2 h) and 0.15 M 
NaC1 (overnight) at  4 ~ all the  NaC1 solutions were 
buffered wi th  0.013 M sodium phospha te  (pH 6.8), as 
described by  Sponar  and Sormov~2. 
The precipi ta tes  formed were centr i fuged for 30 min  a t  
10,000 • g. The f rac t ion of D N A  in the  complex  was de- 
te rmined  from the  difference in absorbancy  a t  260 nm 
between the  corresponding D N A  solution before the  ad- 
di t ion of F1 and the superna tan t  af ter  F 1 - D N A  centr i -  
fugat ion,  corrected for changes of D N A  concent ra t ion  
dur ing dialysis. For  es t imat ion  of the base composi t ion 
of the  D N A  in the h i s tone -DNA complexes  D N A  was 
hydrolysed in perchloric acid and its bases separated by  
the  paper  ch roma tog raphy  on W h a t m a n  No. 1 paper  wi th  
a solvent  sys tem composed of propan-2-ol-12 M HCl-wate r  
(85: 22: 18) or by  thin  layer  ch roma tog raphy  on D E A E  
cellulose wi th  a solvent  system n-butanol-methanol-conc.  
ammonia -wa te r  (60:20:1 : 20) as described elsewhere 7. 
The bases were located under  UV-l ight  and their  con ten t  
was es t imated  in the  0.1 M HC1 eluates by  UV-absorp t ion  
propert ies.  Dis t r ibut ion  of rad ioac t iv i ty  in the chromato-  
grams of the labelled D N A  hydrolysa tes  was de termined  
in the  Packard  Tri  Carb l iquid scint i l lat ion counter  in 
P P O  and P O P O P  solution in toluene.  
Results and discussion. The f ract ionat ion of mouse D N A  
by  his tone F1 was inves t iga ted  under  the  following con- 
dit ions : to the solut ion of whole D N A  in concent ra t ion  of 

about  100 ~xg/ml suitable vo lume of F1 (approximate ly  
2 mg/ml) was added to give the  required h i s t o n e - D N A  
weight  ratio.  The  mix ture  was subsequent ly  dialysed and 
centr i fuged as described in Materials  and methods.  In  the  
obta ined supe rna tan t  salt  concent ra t ion  was increased to 
2.0 M NaC1 and af terwards  the  nex t  dose of F1 solut ion 
was added.  The  mix tu re  was then  dialysed and centr i-  
fuged. The whole procedure  was usual ly  repeated 4 t imes.  
In  D N A  precip i ta tes  obta ined  at  every  step of f ract iona-  
t ion the  base composi t ion was es t imated  by  2 different  
methods.  The  table  shows t h a t  in the  result  of the frac- 
t ionat ion  procedure  described above,  5 fract ions of D N A  
differing in base composi t ion were obtained.  Those results 
are in line wi th  the  suggestions by Sponar  and Sormovat 2 
that ,  in the in terac t ion  of histone F1 wi th  D N A  under  the  
applied exper imenta l  conditions,  we are dealing wi th  a 
high degree of se lec t iv i ty  making  it  possible to dist inguish 
be tween sequences of only s l ight ly different  composit ion,  
regardless of the  type  of D N A  molecules present  in the  
D N A  solut ion to be f ract ionated.  Several  tr ials of the  
f rac t ionat ion  procedure  performed by  us, using var ious  
concentra t ions  of D N A  of the  ini t ial  solutions, have  lead 
us to the  conclusion tha t  the greater  concent ra t ion  of 
D N A  the  lower se lec t iv i ty  of h i s tone-DNA binding occurs. 
On the other  hand,  under  s t r ic t ly  defined conditions,  the  
reproducibi l i ty  of the  course of f ract ionat ion was ve ry  
high. I t  thus  seems t h a t  the effect of selective precipi ta t ion 
of defined D N A  molecules by  his tone F1 might  be of 
prac t ica l  use in subtle f rac t ionat ion  of var ious  sequences 
of the genome differ ing s l ight ly  in base composit ion.  
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Summary. Plasma  dopamine-f l -hydroxylase  enzymat ic  ac t iv i ty  and immunoreac t ive  prote in  levels in human  umbil ical  
cord blood are on ly  about  2% as great  as va lues  in the  blood of older subjects.  E r y t h r o c y t e  ca techol -O-methyl t rans-  
ferase ac t iv i ty  levels in umbil ical  cord blood are ve ry  similar  to those in the  blood of adul t  subjects.  

Several  new poten t ia l  b iochemical  measures'  for the char-  
ac ter iza t ion  of the  s ta tus  and funct ion of the human  sym- 
pa the t i c  nervous  sys tem have  been developed recent-  
ly. Inc luded among  these are de te rmina t ions  of p lasma 
dopamine-f l -hydroxylase  (DBH, E.C. 1.14.17.1) ac t iv i ty  
and of e ry th rocy te  (RBC) ca techol -O-methyl t ransferase  
(COMT, E.C. 2.1.1.6) act ivi ty .  The  regula t ion  of these 
enzyme act ivi t ies  in human  blood mus t  be unders tood to 
make  possible the  in te rpre ta t ion  of the  results of clinical 
studies in which COMT and D B H  are measured.  For  
example,  genetic  factors  p lay  an impor t an t  role in the  
regula t ion of bo th  COMT and D B H  act ivi t ies  in blood *, 5. 
Changes in h u m a n  plasma D B H  ac t iv i ty  dur ing growth  
and deve lopment  have  also been described s, L As one step 
in the  fur ther  s tudy  of the  effects of g rowth  and develop-  

men t  on human  p lasma D B H  and RBC COMT activit ies,  
we have  measured  these enzyme act ivi t ies  fit umbil ical  
cord blood samples from a group of r andomly  selected 
infants.  
D B H  ac t iv i ty  was de te rmined  by the method  of Molinoff 
et  al. as modif ied to measure  p lasma enzyme ac t iv i ty  s-l~ 
1 uni t  of enzyme ac t iv i ty  represented the  product ion  of 
1 nmole  of f l -phenylethanolamine (f l-phenylethylamine as 
substrate) or 1 nmole  of oc topamine  ( tyramine as sub- 
strate) per  h per  ml. Immunoreac t i ve  D B H  ( IDBH) was 
determined by  rad io immunoassay  wi th  125I radio- iodinated 
human  pheoch romocy toma  D B H  as ant igen and rabbi t  
an t i -human  pheoch romocy toma  D B H  as an t ibody  11. 
E r y t h r o c y t e  COMT ac t iv i ty  was measured by the  me thod  
of R a y m o n d  and Weinshi lboum,  an assay tha t  includes 
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s tep in which  calcium, an inhib i tor  of COMT, is r emoved  
f rom blood lysates12,13. COMT ac t iv i ty  was expressed as 
nmoles  of 4 -hydroxy-3 -me thoxybenzo ic  acid formed per  
h per  ml  of packed  RBC. Blood samples  in hepar in  tubes  
were ob ta ined  f rom the  umbil ica l  cords  of 32 r a n d o m l y  
selected whi te  infan ts  af ter  normal  fu l l - te rm uncompl i -  
ca ted  vaginal  deliveries.  
Cord b lood p lasma  D B H  enzymat i c  act ivi t ies  are ve ry  low 
when  compared  wi th  resul ts  ob ta ined  f rom the  blood of 
adul t s  or chi ldren over  age 6 (table). The mean  D B H  
ac t iv i ty  r epor ted  in an earlier s t u d y  of 841 chi ldren aged 
6-12 was 686:t:14.6 uni ts  (mean :t= SEM, pheny l e t h y l a -  
mine as subst ra te)  and t h a t  found in blood of 227 ran-  
domly  selected adul t  blood donors  was 682 :t:28 uni ts  4. 
All cord blood values were less t h a n  50 units .  There  were 
no s ignif icant  differences be tween  cord blood values of 
boys and  girls, wi th  D B H  ac t iv i ty  of 22.9:t:3.9 in cord 
blood f rom boys  (mean ~ SEM, N = 13), and ac t iv i ty  
of 20 .4 •  in blood f rom girls (N --  19). D B H  ac t iv i ty  
in cord blood was also de t e rmined  wi th  t y r a m i n e  as a 
subs t r a t e  to increase the  sens i t iv i ty  of the  assay s. All 
sub jec t s  had  easily de tec tab le  D B H  ac t iv i ty  when 
t y r a m i n e  was used as a subs t r a t e  (table 1). The average 
value of 20 uni ts  is very  s imilar  to the  D B H  ac t iv i ty  in the  
p lasma  of adul t  ra ts  and o ther  expe r imen ta l  animals  when 
t y r am ine  is used as subs t r a t e  14. I m m u n o r e a c t i v e  D B H  
(IDBH) was measured  in 8 consecut ive  samples  of cord 
blood wi th  r ad io immunoassay  (table). All of the  cord 
blood samples  conta ined  less t h a n  100 ng /ml  of I D B H .  
These values  were also very  low when compared  wi th  the  
mean  I D B H  value in blood f rom a r a n d o m l y  selected 
group of 134 adolescents  (16-18 years  old) of 824 =t= 3 8 ng /ml  
(mean • SEM) 11 
1RBC COMT ac t iv i ty  in cord blood, in con t r a s t  to D B H  
act iv i ty ,  was no t  grea t ly  d i f fe rent  f rom values  in blood 
f rom a r andomly  selected popu la t ion  of adolescents  and  
adul ts .  The average RBC COMT in 577 blood samples  
f rom 315 r andom ly  selected adolescents  aged 16-18 and 
262 adul t  blood donors  was 11.98 •  uni ts  (mean 2= 
SEM) 5. The value of 9 .56•  uni ts  in 24 cord blood 
samples  (table) does not  differ grea t ly  f rom this  value. As 
was also the  case in older subjects ,  COMT values  in um- 
bilical cord blood showed no d rama t i c  sex differences wi th  
values in blood from boys of 8 .89•  (mean :~ SEM, 
N = 9) and in blood f rom girls of 10.02~:0.71 (N = 15). 
The range of COMT values in h u m a n  umbil ica l  cord blood 
was f rom 4.5 to 17 units,  and the  p r ima ry  difference be- 
tween  RBC COMT in cord blood and in blood f rom adul t s  
was the absence of subjec ts  wi th  values as h igh as 25 uni ts  
among  in fan t s  5. 
This s t u d y  demons t r a t e s  differences in the  effects of 
g rowth  and d e v e l o p m e n t  on p lasma  D B H  and  e ry th rocy te  
COMT, 2 new po ten t ia l  b iochemical  measures  of adrenergic  
neuron  s t a tu s  and funct ion  in man.  B o t h  D B H  enzymat i c  
ac t iv i ty  and I D B H  values  are much  lower in cord blood 

Plasma DBH, IDBH and RBC COMT in human umbilical cord blood 

DBH DBH IDBH COMT 
(phenylethylamine (tyramine substrate) ng/ml units/ml 
substrate) units/ml packed 
units/ml RBC 

Mean 8.3 23.0 17.7 9.56 
SD ~ 10.i • 15.0 • 11.8 • 3.00 
SEN ~_ 1.8 • 2.7 -c 4.2 -c 0.62 
N 32 32 8 24 

than  in blood f rom older  chi ldren and adul ts .  RBC COMT 
act iv i ty ,  however ,  is ve ry  similar in cord blood and  blood 
of adul ts .  These observa t ions  have  b o t h  theore t ica l  and  
clinical impl icat ions .  Genet ic  factors  p lay  an i m p o r t a n t  
role in the  d e t e rmi n a t i o n  of b o t h  of these  enzyme  ac- 
t iv i t ies  in blood of older  chi ldren and adul t s  ~, 5. There  is 
an allele for ve ry  low D B H  ac t iv i ty  (d) w i th  a gene fre- 
quency  of abou t  0.2 t h a t  is inher i ted  as an au tosomal  
recessive t rai t* .  A p p r o x i m a t e l y  one th i rd  of the  popu la t ion  
is he te rozygous  (Dd) for this  t ra i t ,  and  abou t  4% of a 
r a n d o m l y  selected popula t ion  is homozygous  (dd). H o m o -  
zygotes  have  D B H  enzymat i c  ac t iv i ty  of less than  50 uni ts  
(pheny le thy lamine  subst ra te)  and  I D B H  values  of less 
t h a n  100 ng/ml,  b o t h  similar to  values  p resen t  in cord 
blood samples  4,11. The biochemical  basis of the  increase 
in p lasma  D B H  ac t i v i t y  dur ing g rowth  and  d e v e l o p m e n t  
in mos t  subjects ,  and the  re la t ionship,  if any, of th is  
process  to the  b iochemical  basis of the  act ion of the  allele 
for ve ry  low p lasma  D B H  remains  to be de te rmined .  In  
like fashion there  is an allele for ve ry  low RBC COMT (CL) 
wi th  a gene f requency  of abou t  0.5 t h a t  is inher i ted  as an 
au tosomal  recessive t ra i t  5. A p p r o x i m a t e l y  ha l f  of the  
popu la t ion  is he te rozygous  for th is  t ra i t ,  and 20-25% of 
the  popu la t ion  is m a d e  up of homozygotes ,  sub jec t s  wi th  
COMT ac t iv i ty  of less t han  8 units.  One th i rd  of the  
re la t ively  smal l  n u m b e r  of cord blood samples  t e s t ed  had  
less t h a n  8 uni ts  of COMT act iv i ty .  
In  prac t ica l  te rms,  the results  of these s tudies  emphas ize  
t h a t  m e a s u r e m e n t s  of serum D B H  ac t iv i ty  in chi ldren 
dur ing  the  first  years  of life m a y  be very  difficult  to in ter-  
pret .  During these  years  there  is a d rama t i c  change  in 
D B H  ac t iv i ty  in the  blood of mos t  subjects .  The bio- 
chemical  and physiologic basis of th is  change  and its re- 
la t ionship  to genet ical ly  de t e rmined  var ia t ions  in enzyme 
ac t iv i ty  are no t  clear. However ,  RBC COMT ac t iv i ty  in 
cord b lood is s imilar  to t h a t  in blood of adul ts .  Therefore ,  
it  may  be possible to in t e rp re t  the  resul ts  of s tudies  of 
RBC COMT in blood from young chi ldren  much  more  
easily t han  is t rue  of s tudies  of p lasma DBH.  

1 This work was supported in part by NIH grants NS 1.1014 and 
HL 17487-1. Dr Weinshilboum is an Established Investigator of 
the American Heart Association. We thank Luanne Wussow 
and the physicians and nurses of the Department of Obstetrics 
and Gynecology of the Mayo Clinic for their assistance with 
these studies. 

2 Clinical Pharmacology Unit, Departments of Pharmacology and 
Internal Medicine, Mayo Foundation. 

3 Department of Pediatrics, Mayo Clinic. 
4 R.M. Weinshilboum, H. G. Schrott, F. A. Raymond, W. H. 

Weidman and L. R. Elveback, Am. J. hum. Genet. 27, 573 
(1975). 

5 R.M. Weinshilboum and F. A. Raymond, Am. J. hmn. Genet. 
29, 125 (1977). 

6 R.M. Weinshilboum and J. Axelrod, New Engl. J. Med. 285, 
938 (1971). 

7 L.S. Freedman, T. Ohuehi, M. Goldstein, F. Axelrod, I. Fish 
and J. Dancis, Nature (New Biol.) 236, 310 (1972). 

8 P.B. Molinoff, R. M. Weinshilboum and J. Axelrod, J. Pharmac. 
exp. Ther. 178, 425 (1971). 

9 R.M. Weinshilboum and J. Axelrod, Circulation Res. 28, 307 
(1971). 

10 R.M. Weinshilboum, F. A. Raymond, L. R. Elveback and W. 
H. Weidman, Science 181, 943 (1973). 

11 J. Dunnette and R. Weinshilboum, Fedn. Proc. 36, 407 (1977). 
12 F.A. Raymond and R. IV[. Weinshilboum, Clin. chim. Aeta 58, 

185 (1975). 
13 R.M. Weinshilboum and F. A. Raymond, Bioehem. Pharmae. 

25, 573 (1976). 
14 A. Olukotun, J. Dunnette and R. Weinshilboum, J. Pharmac. 

exp. Ther. 201, 375 (1977). 
15 J. Dunnette and R. Weinshilboum, Am. J. hum. Genet. 28, 155 

(1976). 


