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SUMMARY 

Ceruloplasmin was purified and resolved into two forms, ceruloplasmin I and 
ceruloplasmin II, according to the order of elution by chromatography on DEAE- 
cellulose, hydroxylapatite and Sephadex G-ISO from pigs ranging in age from 2 days 
to IO weeks. The sera of the 2-day-old pigs contained only one form of ceruloplasmin, 
ceruloplasmin II. As the pigs grew older and the overall level of ceruloplasmin in- 
creased, the amount of ceruloplasmin n remained relatively constant, while the level 
of ceruloplasmin I increased dramatically. The two forms of ceruloplasmin differed 
in their specific enzymatic activity towards p-phenylenediamine and in their copper 
content, with ceruloplasmin I being the greater in both cases. 

INTRODUCTION 

In a previous communication from this laboratory 1, it was reported that the 
piglet is born with a low level of serum ceruloplasmin activity which increases to about 
one-third of the adult level during the first week and levels off at this point unless 
dietary copper is furnished. In the latter case the ceruloplasmin activity rises to adult 
level in about 2 weeks. 

Since the piglets were born with rather high levels of liver copper, the changes 
observed in ceruloplasmin activity in the presence and absence of dietary copper 
prompted further investigation of the ceruloplasmin of the growing piglet. In the 
course of these studies, it was noticed that the ceruloplasmin from newborn and 3-day- 
old pigs eluted differently from hydroxyapati te  and had a lower specific enzymatic 
activity than ceruloplasmin from older pigs. 

* Contribution from the Depar tment  of Biochemistry, School of Agriculture and Life 
Sciences, and School of Physical Sciences and Applied Mathematics.  Paper No. 2953 of the Journal  
Series of the North  Carolina State Universi ty Agricultural Exper iment  Station, Raleigh, N.C. 

*~ Present  address: Laboratory of Experimental  Metabolic Diseases, Veterans Administra- 
tion Hospital, 59Ol East  Seventh Street, Long Beach, Calif. 9o801, U.S.A. 

Biochim. Biophys. Acta, 212 (197 o) 43-49 



44 D. B. MILNE, G. MATRONE 

MATERIALS AND METHODS 

Separation and purification of two forms of ceruloplasmin 
Ceruloplasmin from pigs ranging in age from 2 days to io weeks was purified 

by modification of procedures described by DEDTSCH 2 and BROMAN AND I{JELLIN 3 

as follows: Pig serum was dialyzed against 0.05 M acetate buffer (pH 5.5) for at least 
4 h. The dialyzed serum was then centrifuged to remove the precipitate and placed on 
a DEAE-cellulose column which had been equilibrated with the acetate buffer. The 
column was washed with the acetate buffer until the effluent was nearly protein-free. 
The ceruloplasmin-rich fraction was eluted with 0.5 M NaC1. This fraction appeared 
bright blue from older pigs and yellowish from younger pigs (0-3 days). The cerulo- 
plasmin-rich fraction was then dialyzed against two changes of 0.075 M phosphate 
buffer (pH 6.8) and placed on a hydroxyapati te  column equilibrated with the same 
buffer. Elution was carried out with a phosphate concentration gradient of o.o75-o. 4 M 
(pH 6.8). In this step, the eeruloplasmin may  be resolved into two components called 
ceruloplasmin I and ceruloplasmin I I  according to the order of elution. The fractions 
representing the different eeruloplasmin peaks were pooled, respectively and concen- 
trated to about 5 ml. The eeruloplasmin was then passed through a Sephadex G-i5o 
column in the final step of purification. 

Protein was determined by the method of LowRY et al. a. Copper was analyzed 
by the method described by MATRONE et al. 5. Enzymatic activity towards p-phenyl- 
enediamine was determined by the procedure of HOUCHIN ~, as modified by RICE 7. 
Spectra were run in a model SPSooB Unicam Speetrophotometer. 

Kinetic studies 
The reactivities of the two forms of ceruloplasmin were compared over a range 

of o.1-2 mM p-phenylenediamine in I.O M acetate buffer (pH 5.5) at 37 °. The change 
in absorbance was followed at 54 ° m# on a Unieam recording spectrophotometer. 
Since the formation of colored product(s) was nonlinear during the first few minutes 
with respect to time, the reaction velocity was determined after about 2-3 min during 
the period when AA was linear with time. This nonlinearity of p-phenylenediamine 
oxidation has been observed by others 8. 

RESULTS 

A summary of the purification of ceruloplasmin from serum of a Io-week-old 
pig is shown in Table I. There was an overall recovery of 20% of the activity as meas- 
ured in the IOO ml of pig serum, the source of the ceruloplasmin. The greatest loss 
(approx. 42 °/o ) occurred in the first purification step (DEAE-cellulose). Of the 17. 9 mg 
of ceruloplasmin recovered after the final purification step from IOO ml of serum, 
87.3 ~o of the protein and 91.3 °/o of the activity resided in the ceruloplasmin I fraction, 
whereas 12.7 ~o of the protein and 8.7 % of the activity resided in the ceruloplasmin I I  
fraction. After the hydroxyapati te  and after the Sephadex purification steps, the 
ratios of total  activity of the ceruloplasmin I/ceruloplasmin I I  fractions were approxi- 
mately the same (IO to I). On the per mg basis, the final ceruloplasmin I I  preparation 
showed 92 times more activity than the serum and 1.5 times the activity of the cerulo- 
plasmin I I  fraction. 
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T A B L E  I 

PURIFICATION OF CERULOPLASMIN FROM IO-WEI~K-OLD PIG SERUM 

Serum t a k e n  f rom single an imal .  

Purification stage Vo l .  Protein Total p-Phenylene- Specific 
(ml) (mg/ml) protein diamine activity 

(rag) oxidase (AA/z 5 rain 
(AA/o.z ml) permg 

protein) 

I. Se rum ioo  8o.oo 8ooo.oo o.149 o.o186 
2. DEAE-ce l lu lose  27 23.875 644.63 o.315 o.132 
3. H y d r o x y a p a t i t e  

Frac t ion  I 65 o.87o 56.55 0.065 0.747 
Frac t ion  II  26 o.793 20.62 o.o15 o. 189 

4. Sephadex  G- i5o  
F rac t ion  I 4 ° o.391 15.625 0.0685 1.723 
Frac t ion  II  30 0.076 2.275 0.009 1.184 

Utilizing this purification procedure, the sera of 2-day, 9-day, and Io-week-old 
pigs were fractionated. The results, ceruloplasmin activity v s .  fraction:number, are 
shown in Figure I. Primarily ceruloplasmin II was recovered from the serum of the 
2-day-old pig, whereas approximately 68 % of the ceruloplasmin activity was in the 
ceruloplasmin I fraction and 32 % in the ceruloplasmin II fraction of the ceruloplasmin 
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Fig. I. Effect  o f  age on elut ion of  ce ru lop lasmin  (Cp) f rom h y d r o x y a p a t i t e .  Ceru loplasmin- r ich  
f rac t ion  f rom DEAE-ce l lu lose  step,  r ep re sen t ing  i o m l  of  se rum,  was  e lu ted  f rom a h y d r o x y -  
apa t i t e  c o l u m n  (i .  3 cm  × 9.0 cm) wi th  a l inear  concen t ra t ion  g rad ien t  of  0.075-0. 4 M phos-  
p h a t e  of  p H  6.8 ( too ml  + ioo  ml). 3-ml f rac t ions  were collected. 
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TABLE [I  

S U M M A R Y  OF SPECIFIC A C T I V I T I E S  AND RECOVERIES OF CERULOPLASMIN FROM DIFFERENT-AGED 
PIGS 

Number  of animals are given in parentheses,  n.s., not  significant. 

Age Recovery Specific activity 
(mg/±oo ml serum) (AA/r  5 rain per mg protein) 

I I I  I I I  

2 days (3) n.s. 3.49 o.644 
2 days (9) n.s. 3.o37 o.485 
4 days (3) 2.875 2.75 1.174 0.727 

io weeks (1) 15.625 2.275 1.723 1.184 
io weeks (I) 20.45 2.28 1.498 1.253 

recovered from the serum of the 9-day-old pig, and finally for the serum of the In- 
week-old pig, approx. 94% of the activity resided in the ceruloplasmin I fraction and 
6% in the ceruloplasmin II fraction. In other words, there was a positive correlation 
between the appearance and quanti ty of ceruloplasmin I and the age of the pig. The 
increase in ceruloplasmin I is also correlated with the increase in total ceruloplasmin 
activity of pig serum with age. At birth, piglet serum has low ceruloplasmin activity, 
approx. 1/2o that of the adult. When pigs are about 3-4 days old, the level of cerulo- 
plasmin activity increases very rapidly until it reaches adult levels in 2-3 weeks 1. 
This period is accompanied by a large increase in ceruloplasmin I, while there is 
relatively little change in ceruloplasmin II. Ceruloplasmin I is the predominant form 
found in older animals. 

Table II shows recoveries and specific activities of the two types of ceruloplasmin 
from different-aged pigs. Differences were found between the two forms of cerulo- 
plasmin, particularly with respect to the specific enzymatic activities. The specific 
activities of ceruloplasmin II were lower than those of ceruloplasmin I. The specific 

Fig. 2. Polyacrylamide gel electrophoresis of ceruloplasmin I and ceruloplasmin I I  for 45 min in 
Tr i s -barb i tu ra te  buffer (pH 8.o) by  method of W'ILLIAMS AND REISFELDIS. Direction of migrat ion 
was toward the anode. Protein was stained with Coomassie blue, as described by  CHRAMBACH 
et al. xn. 0.o33 mg placed on gel for (CpI) and 0.029 mg for ceruloplasmin I I  (CpII). 
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activity of ceruloplasmin II of the io-week-old pig appeared to be higher than the 
ceruloplasmin II of the younger pigs. However, this could be due to some contami- 
nation by ceruloplasmin I, since it was difficult to adequately resolve the two types 
when there was a high level~of ceruloplasmin in the serum. 

Preparations of ceruloplasmin I from io-week-old pigs and ceruloplasmin II 
from 2-day-old pigs were further purified by rechromatography on Sephadex G-I5O 
and concentrated prior to analysis by ultrafiltration on a Diaflo membrane*. The 
electrophoretic mobilities of the two forms of ceruloplasmin appeared to be similar 
at pH 8.0 in Tris-barbituate buffer, as indicated in Fig. 2. 

T A B L E  I I I  

SOME PROPERTIES OF THE TWO TYPES OF CERULOPLASMIN 

Type of source I I I  
zo-week-old pig 2-day-old pig 

Kav Sephadex  G-I5 o o.I73 o.173 
Pro te in  conch.  (mg/ml)  o.56o I.OLO 
Ael0 m/~ o.o34 -t= o.oo2" o.o52 ± o.oo2* 
A2s0 m/~ o.715 ± 0.0o2* 1.165 -L 0.005* 
Asl  0 m/J/A2s0 m// 0.0476 (0-0446-0.0505) 0.0446 (0.0427-0.0466) 
Specific e n z y m a t i c  ac t iv i ty  1.929 o.861 
(,dA/I 5 m in  per  mg protein)  
Copper  c o n t e n t  (%) 0.277 ~: o.o34"* o.139 --4 0.025*'* 

* S.D. of  t h ree  ana lyses  of  s ame  prepara t ion .  
*" S.D. of  two p repa ra t i ons  inc lud ing  one above.  

"** S.D. o f  th ree  p repa ra t i ons  inc lud ing  one above.  

Table I I I  summarizes some of the properties of the two types of ceruloplasmin. 
The major difference between ceruloplasmin I and ceruloplasmin II, aside from the 
enzymatic activity, is the copper content. Assuming molecular weights of 15o ooo 
and As1 o ma/A2so m~ of o.o48 for pure preparations, this would correspond to 7-8 
coppers for ceruloplasmin I and about 4 coppers per mole for ceruloplasmin II. Ap- 
parently, the 6Io-m# chromophore is affected very little by the difference in the copper 
content, whereas the enzymatic activity seems to be related directly to the copper. 

K i n e t i c  s tud ies  

The initial curvature encountered in the progress curve of p-phenylenediamine 
oxidation is shown in Fig. 3- Results of the kinetic studies using p-phenylenediamine 
as the substrate are shown in Fig. 4. At o.12 tzM enzyme concentrations, the Vmax of 
o.o216 A/min for ceruloplasmin I is almost twice that for ceruloplasmin II (O.O135 

A/min), as would be expected from the results of the specific enzymatic activities. The 
apparent Km of ceruloplasmin I also appeared to be slightly higher than that of 
ceruloplasmin II, o.31 mM vs. o.23 mM at this enzyme concentration. Both of these 
values are considerably lower than those reported for human 9 and chick 1° cerulo- 
plasmin under slightly different conditions. 

* Amicon  Corporat ion,  Lex ing ton ,  Mass., U.S.A. 
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Fig. 3- Progress of oxidation of p-phenylenediamine at 37 °. Reaction mixture  contained i ml of 
i mM p-phenylenediamine in i.o M acetate buffer (pH 5.5) equilibrated at  37 ° for IO min and 
o. 5 ml of 2day ceruloplasmin I I  in o.o75 M phospha te  (pH 6.8). Concentrat ion of the ceruloplasmin 
in final reaction mixture  was approximate ly  o.32/~M. 

Fig. 4- Lineweaver -Burk  plots for de terminat ion  of /~m's  of ceruloplasmin (CpI) and ceruloplas- 
rain I I  (CpII) with p-phenylenediamine as substrate .  Enzyme concentrat ions were o.12/~M. The 
Exper iments  were run  at 37 ° in I.O M acetate buffer (pH 5-5). 

DISCUSSION 

The evidence presented showing a gradual change from only ceruloplasmin I I  
in the neonatal piglet to predominantly ceruloplasmin I in the older pig is strong 
presumptive evidence that  the changes observed are physiological. Changes in the 
relative amounts of two types of ceruloplasmin have been reported in humans al. 
However, only subtle differences have been found in the two forms of human cerulo- 
plasmin. MORELL AND SCHEINBERG 12 found that  there were no differences in either the 
copper contents or the enzymatic activities between these two forms. I t  has been shown 
that  human ceruloplasmin is composed of 2 a and 2/3 peptide chains 1~ with the/3 chain 
showing some heterogeneity. The possibility has been suggested (K. SIMONS, personal 
communication) that  the two human ceruloplasmins differ in the/3 peptide structure. 

On the other hand, the two types of porcine ceruloplasmin, which show similar 
electrophoretic homogeneity and A610 mu/A~8o mu ratios, exhibit about a 2-fold 
difference in copper content and in enzymatic activity towards p-phenylenediamine. 
The apparent  Km's  and Vmax'S aplSeared to be related to the copper concentrations of 
the preparations. Recently, LOVSTAD 14 has demonstrated two different activities of 
ceruloplasmin in human serum towards N,N-diphenyl-p-phenylenediamine, with cord 
serum exhibiting one activity and adult or pregnant adult serum showing a combi- 
nation of two activities. To resolve these differences, he suggests that  there are two 
different active sites on two different molecules. From our results, we suggest the 
possibility that  ceruloplasmin I I  with the reduced copper content has only one active 
site, while ceruloplasmin I, the adult form, could have two active sites. 

A ceruloplasmin with a reduced copper content has been isolated from chickens 
which had been infected with Salmonella gallinarum ~°. Both this and baby pig cerulo- 
plasmin I I  are present under conditions of very low serum copper14 °. Also, in both of 
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t h e s e  cases ,  t h e  c e r u l o p l a s m i n  c a n  b e  c l a s sed  as  i n d u c e d  or  n e w l y  s y n t h e s i z e d .  T h e s e  

o b s e r v a t i o n s  w o u l d  s u g g e s t  t h a t  n e w l y  s y n t h e s i z e d  c e r u l o p l a s m i n  in  t h e s e  t w o  spec ies  

is r e l e a s e d  i n t o  t h e  S e r u m  w i t h  a n  i n c o m p l e t e  c o p p e r  c o m p l e m e n t .  
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