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Spermine, a polyamine widely distributed in animal tissues, exhibits potent  
antimycobacterial act ivi ty under certain conditions in vitro (1). Of numerous 
other biological and synthetic amines, only the closely related compound sper- 
midine affects the growth of tubercle bacilli like spermine (2). Recent studies 
have demonstrated that  spermine and spermidine exert a toxic action on acid- 
fast bacteria only when a certain protein substance is also present in the 
culture medium (3). This protein, which is found in the alpha globulin fraction 
of bovine and sheep serum, alters @ermine enzymafically; apparently some 
product  of the enzymatic reaction is responsible for the antimycobacterial 
activity. 

The present communication presents data  concerning the characteristics of 
the enzymatic at tack on spermine as reflected by  the oxygen consumption 
and the ammonia liberation resulting from this reaction under a variety of 
conditions. These data establish the presence in bovine and sheep sera of an 
enzyme which brings about  a rapid oxidative deamination of spermine and 
spermidine. The enzyme differs from previously described amine oxidases in 
several regards and especially in its substrate specificity. Studies of the influence 
of the chemical environment on the course of the enzymatic reaction h a v e  
provided information relating to the characteristics of the enzyme and to the 
kinetics of its oxidation of spermine. 

Methods 

The sera used as a source of enzyme were obtained as follows. Fresh blood was allowed to 
clot firmly at room temperature. The clotted blood was incubated at 38°C. for 1 hour at the 
end of which time the clot was separated from the walls of the container. After standing 
overnight at 4°C., the serum was collected by centrifugation and was adjusted to pit 6.8 by 
the addition of 0.1 N HC1. The serum was then sterilized by filtration through porcelain and 
stored at 4°C. 

Chemicals were obtained from commercial sources except as otherwise noted in the text. 
Amines or their salts were dissolved in distilled water and adjusted approximately to neu- 
trality with NaOH or HC1. Appropriate dilutions of these stock solutions in distilled water 
were made to yield the desired concentrations. 

* Fellow (1951-52) of the National Tuberculosis Association, administered by the National 
Research Council 
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346 SPERMINE OXIDASE 

Measurements of oxygen uptake were obtained in the Warburg respirometer using tech- 
niques outlined by previous workers (4). Reaction vessels of approximately 16 cc. capacity 
were employed. The final fluid volume in each flask was 4.2 cc. and the gas phase was room 
air. Carbon dioxide was removed from the system by placing 0.2 cc. of 10 per cent KOH dis- 
tributed on a strip of fluted filter paper in the center well of each vessel. The substrate or the 
enzyme preparation was added from a side arm after an appropriate period of equilibration. 
Each series of tests included control flasks in which the substrate or the enzyme was omitted 
or inactivated. Except as otherwise noted in the text, the flasks were incubated at 38°C. and 
agitated in a 3 cm. linear path 100 times per minute. 

Ammonia liberated during the enzymatic reaction was determined by a method devised 
by Hotchkiss (5). Accurately measured 2 ce. aiiquots of the residual reaction mixtures in the 
Warburg vessels were transferred to 10 cc. volumetric flasks. Mter the addition of one drop of 
a 1 per cent alcoholic solution of phenolphthalein, a solution containing 16 mg. of sodium 
carbonate per cc. was added dropwise until a persistent pink color appeared. To this mixture 
was added 1 cc. of carbonate buffer (2.12 gm. dry sodium carbonate and 8.4 gm. sodium bi- 
carbonate in 240 cc. water). Glass tubes approximately 0.5 cm. in diameter and 7 cm. in length 
were fitted with a bulb positioned about 1 cm. from one end. This bulb was of a size sufficient 
to be supported by the rim of the 10 cc. volumetric flask. Both ends of the glass tubing were 
left open. Holding the tube by the bulb, the long end was dipped into a 1 N solution of sulfuric 
acid. On withdrawal a drop of the acid was retained inside the tip of the tube. The outside 
was wiped clean and the tube was then placed in the volumetric flask so that the lower end 
containing the acid rested slightly above the mixture in the flask. Distillation of the ammonia 
was complete after standing 24 hours in a container which excluded room air. The tuhes were 
then carefully removed and their contents washed with distilled water into clean 10 cc. volu- 
metric flasks. 0.2 cc. of 1 N sulfuric acid was added and the flasks were filled nearly to the 
mark with distilled water. Mter the addition of 0.5 cc. of Nessler's reagent, the flasks were 
filled to the mark with distilled water, the contents were then mixed, and the color developed 
for 15 minutes. The optical densities were determined at 450 m# in a Coleman Jr. spectro- 
photometer and compared with the optical densities of blanks and of standard solutions of 
ammonium sulfate. 

RESULTS 

Oxygen Consumption and Ammonia Liberation during the Incubation of Spermine 
and Certain Animal Sera 

In the preceding report (3) it was shown that sheep and bovine serum con- 
tained a protein substance which rendered spermine inhibitory for the growth 
of tubercle bacilli in vitro, and that spermine was altered chemically during 
incubation with these sera. Serum from man, rabbit, and guinea pig did not 
manifest similar activity. 

Using techniques described above, experiments were performed to measure 
oxygen uptake and ammonia liberation resulting from the incubation of sper- 
mine and sera from various animals. As is seen in Table I, the reaction between 
spermine and sheep serum or bovine serum was associated with oxidation and 
deamination. Under similar conditions, mixtures of human, rabbit, or guinea 
pig sera and spermine did not consume oxygen or release ammonia. Chemical 
tests for residual spermine at the conclusion of the reaction period established 
that the oxidation and deamination, when they occurred, were correlated with 
chemical alteration in the spermine molecule. 
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IAMES G. m ~ s c ~  347 

The Substrate Specificity of the A m i n e  Oxidase Present in  Sheep Serum 

Crude prepara t ions  of diamine oxidase are known to be calmble of a t tack ing  
spermine (6). Exper iments  were therefore performed to determine the relat ion- 

TABLE I 
The Oxidative DeaminaHon of Spermine in the Presence of Various Serum Preparations 

5 X i0 -4 x¢ sper~ine in 0.025 ~ phosphate buffer 
pH 6.8 containing 

10 pep cent sheep serum 
" " " bovine " 
" " " human " 

" " " rabbit " 
" " " guinea pig serum 
No serum 

Oxygen 
consumed* 

+ 
+ 
0 
0 
0 
0 

Ammonia Residual 
produced* spermine** 

+ 0 
+ 0 
0 + 
0 + 
0 + 
0 + 

* After incubation at38°C, for 1 hour. 
~: Estimated by picrate precipitation. 

TABLE II  
The Substrate Specif~ity of the Amine Oxldase Present in Sheep Serum 

12-25/~I. Os consumed per ~ during Ist hr.* 

Spermine 

Spcrmidine 

0-2.5 ~l. 02 consumed per pJ~ during ist hr.* 

Tyramine 
fl-Phenylethylamine 
n-Propylamine 
n-Butylamine 
Di-n-butylamine 
Thiamine 
L-Proline 

Putrescine 
Cadaverine 
Histamine 
1,2-Propanediamine 
1,3-Propanediamine 
N., N-Dimethyl- 1,3-pro- 

panediamine 
o-Phenylenediamine 

Diethylenetriamine 
Triethylenetetramine 
Tetraethylenepentamine 
-y-Aminopropyl-N-pyrroline 
Piperazine 
Piperidine 
2-Aminopyridine 

* In 0.025 ~ mixed phosphate buffer pH 6.8 containing a final concentration of 10 per cent 
sheep serum and 5 X 10 -4 ~r amines as listed. 

ship of the amine oxidase present  in sheep serum to the recognized monoamine 
and diamine oxidases. 

The results presented in Table  I I  indicate tha t  the amine oxidase in sheep" 
serum reacted with various substrates  in a fashion unlike tha t  of previously 
described enzymes in this classification. The  ra te  of oxidative a t t ack  on sper- 
mine and spermidine was a t  least  ten t imes higher than  on any  of the other  
amines tested. The absence of significant oxidation of typical  monoamines 
( tyramine,  n-propylamine)  or typical  diamines (putrescine, histamine) under 
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348 SP~.~NE OX.mAS~. 

these conditions d e a r l y  dist inguished the enzyme present  in sheep serum 
(spermine oxidase) from monoamine oxidase and diamine oxidase. 

Of special interest  in connection with the specificity of spermine oxidase 
was the failure of sheep serum to a t t ack  diethylenetr iamine and tr iethylene- 
tetramine,  compounds similar in structure to spermidine and spermine except 
for the length of the carbon chain between amine groups. Also insusceptible to 

10 

60 

2C 

IC 

Hours 

8.0 

i ~ 3 4 ~ 6 
Til-ne 

FIG. 1. The influence of the pH of the medium on the course of the oxidation of spermine 
by an enzyme present in sheep serum. Each vessel contained 2 t,,x spermine and 5 per cent 
sheep serum in 0.05 ,s mixed phosphate buffer, with a final volume of 4 cc. in the reaction 
chamber. 

TABLE I I I  
The Oxygen Consumed during the Reaction between Spermine and Sheep Serum in Various 

Media 

Oxygen uptake 
5 X 10"* M spermlne--25 per cent t*l. O~ taken up per uai 

sheep serum in spermine in 30 rain. 

Distilled water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.85 per cent NaC1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.025 x~ mixed phosphate buffer pH 6.8 . . . . . . . . . . . . . . . . . . . .  
0.05 M sodium citrate -- HC1 buffer pH 6.6 . . . . . . . . . . . . . . .  
0.05 ~t tris(hydroxymethyl)aminomethane buffer pH 6.6 . . . . . .  

23.4 
22.5 
24.0 
23.7 
24.9 

oxidat ion b y  this enzyme were isolated components  of the spermine molecule 
(n-propylamine,  1 ,3-diaminopropane,  n-butylamine,  1 ,4-diaminobutane)  and  
products  of its chemical degradat ion (1,3-diaminopropane,  "r-aminopropyl-N- 
pyrroline) (7, 8). 

The Influence of the Physicochemical Environment on the Activity of the Spermine 
Oxidase Present in Sheep Serum 

Fig. 1 i l lustrates the effect of the p H  of the react ion medium on the ra te  of 
oxidation of spermine b y  the enzyme present  in sheep serum. The  reaction 
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proceeded in a pH range of at least 6.0 to 8.0, with an optimal rate in the 
vicinity of neutrality. 

Because of the limited solubility of spermine phosphate, concentrations of 
spermine higher than 5 X 10 ~ ~ could not be used in a phosphate buffer 
system. The activity of spermine oxidase was therefore studied in various 
media free of phosphate ion. The results outlined in Table I I I  show that 
the oxygen consumption resulting from the incubation of spermine and sheep 
serum was essentially the same whether these substances were dissolved 
in distilled water, physiological saline, phosphate buffer, citrate buffer, or 
tris(hydroxymethyl)aminomethane buffer. 

Extensive studies of the relationship between the temperature and the rate 
of the reaction were not made. In one experiment in which flasks containing 
spermine and sheep serum in phosphate buffer were shaken at 18.5°C., the rate 
of oxygen consumption was approximately 60 per cent of that observed in 
similar tests at 38°C. 

TABLE IV 
The Relationship between the Concentration of Sheep'Serum (Enzyme) and the Rate of the Reaction 

5 X I0 -I ~ spermine in 0.025 M mixed 
phosphate buffer containing 

20 per cent sheep serum . . . . . . . . . . . . . . . . . . . . . . . . . . .  
10 " " " " 

2.5 " " " " 

Rate of reaction 
#1. 02 consumed per #~ spermine per 
rain. during 1st 20 rain. of incubation 

0.80 
0.57 
0.30 
0.18 

The Kinetics of the Oxidative Deamination of Spermine by an Enzyme Present 
in Sheep Serum 

As is shown in Table IV, the oxidative attack on spermine proceeded the more 
rapidly the higher the concentration of sheep serum. The rate of the reaction 
was, however, not precisely proportional to the concentration of serum. 

Fig. 2 illustrates the rate of oxygen consumption when varying concentra- 
tions of spermine were incubated with the same concentration of sheep serum. 
The rate of the reaction during the early phase was independent of the concen- 
tration of the substrate, and the oxygen uptake plotted against time produced 
a straight line. However, in the latter phase of the reaction, the rate gradually 
diminished with a rapidity which was determined, at least in part, by the 
relative original concentrations of enzyme and substrate. 

There were several possible explanations for the diminution in the rate of 
the reaction late in its course: (a) The enzyme might be slowly denatured or 
inactivated by the physicochemical elements in the medium or by a product 
formed during the enzymatic reaction. (b) The rate of attack might become 
dependent on the concentration of substrate when this concentration fell below 
a certain level. (c) One of the products of the reaction might compete with the 
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350 SPERMINE OXIDASE 

unchanged  spermine  for a posi t ion on the  enzyme,  or  m i g h t  complex  wi th  

unchanged  spermine  and  p r e v e n t  combina t ion  wi th  the  enzyme.  (d) T h e  oxy-  

gen u p t a k e  m i g h t  reflect  a series of enzyma t i c  processes. As  to the  las t  of these  

possibili t ies,  no evidence  po in t ing  to the  pa r t i c ipa t ion  of more  t h a n  one e n z y m e  

was found,  Also, the  final va lues  for oxygen  up t ake  and  a m m o n i a  l iberat ion,  

which will be  p resen ted  later ,  d id  n o t  correspond to whole va lues  in t e rms  of 

oxygen  a toms  added  and  a m m o n i u m  radicals  r e m o v e d  f rom the  spermine  

9c - - - ' - - ' - - - - -  

g 5c 

~p e 

2C 

lc 

I I I I 
Ylou~ i 2 3 ,4 5 

Time 

FIG. 2. The relationship between the concentration of spermlne and the course of its 
oxidation by an enzyme present in sheep serum. Each flask contained spermine as indicated 
and 20 per cent sheep serum in 0.05 ~s mixed phosphate buffer pH 7.0, with a final volume of 
4 cc. in the reaction chamber. 

molecule ,  thus  suggest ing t h a t  the  reac t ion  was no t  proceeding  to  comple t ion .  

T o  ga the r  fu r the r  in fo rmat ion  regard ing  which of these mechan i sms  was a t  

work,  the  fol lowing expe r imen t  was performed.  

In the reaction chamber of one flask were placed 2 cc. of 0.1 M mixed phosphate buffer at 
pH 7.0, 0.4 cc. sheep serum, and 1.2 cc. of water. In each of two side arms of this flask was 
placed 0.2 cc. of 0.01 ,~ spermine. Another vessel contained 0.2 cc. of 0.01 ~ spermine, 2 cc. 
of 0.1 ,~ mixed phosphate buffer pH 7.0, and 1 ec. of water in the reaction chamber and 0.4 
cc. of sheep serum in each of two side arms. Other flasks were similar except for the use of 
spermidine in place of spermine. The general procedures used were the same as those described 
in an earlier section. Mter an appropriate period of equilibration, the contents of one of the 
side arms of each flask was added and the oxygen uptake recorded until no further oxygen 
was being consumed. At this point the contents of the second side arm of each flask was 
mixed with the fluid in the reaction chamber, thus bringing about in fashion suitable for ac- 
curate measurement the introduction of additional enzyme or additional substrate at a time 
when the original reaction had essentially come to a stage of equilibrium. 

I n  the  exper iment  i l lus t ra ted  in Fig. 3, the  reac t ion  be tween  sheep se rum a n d  

spermine  or  spermidine  was a l lowed to proceed to equ i l ib r ium and  then  addi -  
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J ~ E S  G. HmSCH 351 

tional enzyme or substrate was introduced from a side arm. I t  is seen that the 
consumption of oxygen promptly resumed following the introduction of sper- 
mine or spermidine, while the addition of sheep serum to the system was without 
effect. Thus, the slowing of the rate of the original reaction could hardly have 
been due to inactivation of the enzyme. The observations were compatible with 
an alteration in the kinetics of the reaction at  low concentrations of substrate, 
or with the formation of a product which competitively inhibited the oxidation 
of residual spermine. 

100 

9O 

8O 

g l  

~o6o 
U ,* 

~- 40 

so . e : ~ . ~  ................. ~ ..... -~--~--- . . . . . . . . . . . .  

o 

l0 N .... Addiu.cpal. en.zyme (10pepcem sheep 
,~e.~un) added.'a~, 5 h d u ~  " 

I I I , f 1 
Hotms 1 2 3 4 5 6 

Time 

FIG. 3. An experiment dealing with the kinetics of the oxidation of spermine and sperml- 
dine by an enzyme in sheep serum. The reaction chamber of each flask contained 2 ~ l  sub- 
strate and 10 per cent sheep serum in phosphate buffer (final volume 4 cc.). Mter oxygen 
uptake had essentially stopped, additional enzyme or substrate was introduced from a side 
arm. See text for experimental details. 

The quantitative values obtained for oxygen uptake and ammonia liberation 
on incubation of spermidine or spermine in the presence of high concentrations 
of sheep serum are presented in Table V. As was previously pointed out, these 
are indeterminate. I t  is, however, apparent that  the values approach those 
corresponding to the uptake of 4 atoms of oxygen and the liberation of 3 
ammonia radicals for each molecule of spermine; for spermidine the values 
approach 2 atoms of oxygen consumed and 2 molecules of ammonia formed. 

The Effect of Various Amines and Enzyme Inhibitor s on the Oxidation of S permine 
by Sheep Serum 

In  order to gather further information pertaining to the characteristics of 
spermine oxidase, and in order to determine in another manner its relation to 
the recognized amine oxidases, studies were made of the influence of various 
chemicals on the oxidation of spermine by sheep serum. 
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352 SPERMINE OXIDASE 

A summary  of the results of experiments in which amines were added  to the 
spermine-sheep serum system is presented in Table  VI. The  addi t ion of n- 
propylamine,  guanidine, putrescine, or his tamine in amounts  equimolar  to 
tha t  of spermine had  no effect on the oxygen uptake.  On the other hand,  
par t ia l  inhibition of oxygen consumption resulted from the addi t ion of equi- 

TABLE V 
Quangtation of Oxygen Uptake and Ammonia Formagon Resulting from the Acgon of Sheep 

Serum on Spermine and Spermidine 

Oxygen uptake Ammonia formation 
Substrate* ~1. O~ taken up /~g. NH3 nitrogen 

per ~in 6substratehrs. sliberat edi p e r u b s  t r a t e  f i6  

Spermine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36.6 41.6 
Spermidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18.6 25.1 

* Flasks containing 50 per cent sheep serum pl-I 7.2 in distilled water and a final concen- 
tration of 5 X 10 -4 M substrates. No buffer was added. The pH of the reaction mixtures was 
unchanged at the end of the incubation period. 

TABLE VI 
The Oxidation of Spermine by Sheep Serum in the Presence of Various Amines and Enzyme 

I nhibi~or s 

Oxygen uptake Oxygen uptake 
12 per cent sheep serum in 0.05 M [#I. Os consumed 12 per cent sheep serum in 0.05 x sl. 02 consume~ 

mixed phosphate buffer pH 6.8 con- mixed phosphate buffcr pH 6.8 con- per ~ spermim :per ~M spermlne taining 5 X 10 -4 M spermine and in 90 min. taining 5 X 10 -4 M spermine and in 90 min. 

No added amine. 
5 X 10 --4 M n-propylamine . . . .  

" " guanidine . . . .  
" " putrescine . . . .  
" " histamine . . . .  
" " diethylenetri- 

amine. 
5 X 10 4 ~ triethylenetetra- 

mine. 

25.8 
26.4 
26.7 
28.2 
24.3 

17.1 

8.7 

5 X 10 -4 M semicarbazide . . . .  
" " hydroxylamine... 

5 X 10 --4 M iodoacetamide... 

5 X 10--4M NaF. 
. . . .  ethylenediamine 

tetraacefic acid 
10 -4 M KCN 
10 -8 M " 

1.9 
0 

25.8 

27.6 

26.4 
18.0 
3.3 

molar  amounts  of diethylenetr iamine or t r ie thylenetetramine,  compounds 
similar in s tructure to spermidine and spermine except for the length of the 
carbon chain between nitrogen atoms. Presumably  these two amines inhibited 
the oxidation of spermine b y  competing with spermine for posit ion on the 
enzyme. 

Table  VI  also records the essentially complete blocking of the oxidat ion of 
spermine by  the carbonyl  reagents  semicarbazide and hydroxylamine,  suggest- 
ing tha t  spermine oxidase has ketone or a ldehyde groupings which are essential 
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for its enzymatic action. In this regard, spermine oxidase resembles diamine 
oxidase (6). 

The inclusion of a final concentration of 5 X 10 -4 ~a iodoacetamide in the 
reaction medium did not affect the oxygen consumption of spermine-sheep 
serum mixtures, thus indicating that the enzyme does not need free sulfhydryl 
radicals for its action. 

In general, metal-complexing agents had no effect on the reaction between 
spermine and sheep serum. I t  was pointed out in a previous section that the use 
of a citrate buffer did not inhibit oxygen consumption. As shown in Table VI, 
flasks containing added fluoride or ethylenediaminetetraacetic acid took up 
oxygen in a fashion similar to controls containing no sequestering agents. The 
addition of cyanide ion, however, did inhibit the reaction between spermine 
and sheep serum. The degree of inhibition varied with the concentration of 
cyanide, suggesting that cyanide acted not by means of cation binding, but 

TABLE VII 

The Effect of Low Concentrations of Mercuric Chloride on the Oxida~on of Sperraine and 
Spermidine by Sheep Serum 

50 per cent sheep serum pH 7.2 in distilled 
water containing 

5 X 10 -4 u spermine . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . .  -b 10 -~ ,~ HgCh . . . . . . . . . .  
" " spermidine . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . .  q- 10 -~ ,x HgCI~ . . . . . . . . .  

Oxygen uptake 
~l. 02 taken up per 

~M substrate in 
6 hrs. 

36.6 
63.4 
18.6 
36.9 

Ammonia formation 
p~. NH~ nitrogen 
hberated per #M 

suhstrate in 6 hrs. 

41.6 
41.0 
25.1 
25.1 

rather in a competitive fashion, probably by competing with spermine for the 
receptor positions (? carbonyl groups) on the enzyme molecule. 

In the course of experiments dealing with antiseptic agents which might be 
used in the spermine-sheep serum system, it was unexpectedly observed that 
the presence of low concentrations of mercuric chloride led to an increase in 
the quantity of oxygen consumed by this system. Table VII presents data from 
these experiments and shows that the inclusion of a final concentration of 
10 -a ~ mercuric chloride in the flasks containing spermine or spermidine and 
sheep serum brought about the uptake of approximately twice as much oxygen 
as in control vessels containing no mercuric ion. The quantity of ammonia 
formed during the reaction was unaffected by the addition of mercuric chlo- 
ride. Although the mechanism by which mercuric chloride enhanced oxygen 
consumption is obscure, presumably the additional oxygen was used for the 
conversion to carboxyl groups of the alcohol or aldehyde radicals formed by 
the action of spermine oxidase. In contrast to the action of mercuric chloride, 
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the addition of low concentrations of magnesium chloride or ferric chloride did 
not alter the oxygen taken up by the spermine-sheep serum system. 

DISCUSSION 

Enzymes responsible for the oxidative deamination of amines have been 
classified as monoamine oxidases or diamine oxidases. Studies have revealed 
variation in the substrate specificity of these enzymes depending on the tissue 
used as a source for their preparation (6), and have also indicated that the 
susceptibility of amines to attack may be determined by the configuration of 
the substrate molecule rather than by the number of amino groups per se 
(9). 

The oxidative deaminase described in the present communication differs 
from previously described enzymes of this category. The kinetics of its reac- 
tion, its resistance to various competitive inhibitors, and its failure to bring 
about oxidation of histamine or putrescine clearly distinguish the enzyme in 
sheep serum from histaminase or diamine oxidase. The amine oxidase in sheep 
serum also differs from monoamine oxidase in solubility, in susceptibility or 
resistance to various inhibitors, and especially in the lack of ability to attack 
tyramine or n-propylamine. Since sheep serum did not act on diethylenetri- 
amine or triethylenetetramine, the enzyme cannot be classified as a triamine 
oxidase or a tetramine oxidase. All studies thus far point to specificity for the 
oxidative deamination of spermine and of the closely related compound sper- 
midine. The name spermine oxidase therefore seems justified, at least for the 
present. 

Although spermine has been shown to be widely distributed in animal tissues, 
occurring in high concentration in certain organs such as the prostate and 
pancreas (10, 11), little is known of its origin, function, or fate in the body. 
Since serum containing spermine oxidase brings about the rapid oxidative 
deamination of spermine in vitro under conditions similar to those present 
physiologically, perhaps this enzyme plays a role in the metabolism of sper- 
mine in vivo. Further study of the distribution of spermine oxidase in various 
organs and tissues should shed light on this possibility. The lack of demon- 
strable spermine oxidase activity in the serum of man, rabbit, and the guinea 
pig does not necessarily reflect the situation in the organs of these animals, 
since in a previous investigation spermine activator was demonstrated in the 
guinea pig kidney, while the serum of this animal was devoid of similar activ- 
ity (3). 

Purification of the spermine oxidase present in sheep and bovine serum would 
be desirable for more trustworthy studies of the kinetics of its reaction with 
spermine and the quantitation of the chemical exchanges resulting from this 
reaction. In previous work, employing the tubercle bacillus in a biological test 
system, the general properties and stability of the enzyme were established 
(3), but no program directed towards purification has been undertaken. 
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In order to evaluate the possible role of the spermine system in influencing 
host-parasite relationships in tuberculosis, present investigations in our labora- 
tory deal with attempts to isolate and characterize the products of the en- 
zymatic attack on spermine. 

SUMMARY 

Sheep serum and bovine serum contain an enzyme which brings about a 
rapid oxidative deamination of certain biological amines. This enzyme differs 
from previously described amine oxidases in several regards and especially in 
its substrate specificity. Studies thus far indicate that only sperminc and the 
closely related compound spermidine serve as substratcs for the enzyme in 
sheep serum. For this reason, the enzyme has been named sperminc oxidase. 

Sperminc oxidase is active in a variety of fluids of various ionic strength and 
buffer composition. The reaction takes place between pH 6.0 and pH 8.0 with 
an optimal rate in the vicinity of neutrality. 

Under certain conditions, the rate of oxygen consumption during the initial 
phase of the reaction is independent of the concentration of substrate. The 
diminution in rate observed during the latter phase of the enzymatic attack 
appears to be due to an alteration in the kinetics at low concentrations of 
substratc, or to competitive inhibition by a product of the reaction. 

Carbonyl reagents almost completely block the action of spermine oxidase, 
while certain amines and the cyanide ion bring about partial inhibition. Thiol 
reagents and sequcstering compounds do not alter the course of the oxidative 
proccss. In the presence of low concentrations of mercuric chloride, the sheep 
serum-spermine system consumes approximately twice as much oxygen as 
controls containing no mercuric ion. The mechanism by which the mercuric 
ion stimulates additional oxygen uptake is obscure. 
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