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ATEe Esterase Activity of Human Serum. Concentration from 
Serum, Assay, Properties and Inhibitor. (30260) 

METIN YUCE* AND MARIO STEFANINI~ 
Section of Laboratories, Wil lys  Clinic and Department of Medicine, Maumee Valley Hospital, 

Toledo, Ohio 

Benzoyl arginine methyl ester (BAMe) , 
benzoyl arginine ethyl ester ( BAEe) , tosyl 
arginine methyl ester (TAMe) , lysine methyl 
ester (LMe) and many other synthetic sub- 
strates( 1) have been used widely for deter- 
mination of the proteolytic activity of human 
serum. The hydrolysis of acetyl tyrosine 
ethyl ester (AT&) has been found to be 
a reliable indicator of the activity of C’ 1 
esterase of human serum(2,3,4). There is 
considerable interest in ATEe esterase be- 
cause of its potential role in immune phe- 
nomena and in vascular permeability( 5 ) .  A 
strong inhibitor in human serum, however, 
handicaps the study of the activity of the 
enzyme. Donaldson( 2) has introduced a 
technic for determination of C’ 1 esterase ac- 
tivity, based on the hydrolysis of ATEe after 
treatment of serum with diethyl ether. The 
method, while accurate, cannot be applied to 
routine use in the clinical laboratory. 

The present paper (a) describes a simple 
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method for concentration of ATEe esterase 
activity of human serum; (b) confirms pre- 
vious observations on some of the properties 
of ATEe esterase and of its inhibitor in 
human serum; (c) reports observations on 
the activity of the enzyme in some disease 
states. 

Materials and methods. (a) Substrates 
used in this study were TAMe, BAEe, BAMe, 
LMe, ATEe, acetyl tryptophane ethyl ester 
( ATrEe) and acetyl phenylalanine ethyl ester 
(APhEe). ATEe,* ATrEe* and APhEet were 
dissolved in 10% methyl cellosolve,0 while 
TAMe, BAEe and LMe were dissolved in 
distilled water to make a 0.02 M solution. 
The esterase activity of human serum and 
of its fractions was studied with a modifica- 
tion of the colorimetric method described by 
Brown(6) for the study of the BAEe ester- 
ase activity of human serum. A 0.1 M sodi- 
um barbital buffer (pH 7.8) was prepared 

4 Mann Research Corp., New York. 
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cellosolve was freshly obtained and, after soluGon, 
was kept in dark colored bottle, stoppered, a t  4OC. 
Methyl cellosolve allowed to age contains esters which 
are capable of reacting with hydroxylamine. 
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by dissolving 10.3 g sodium diethylbarbitu- 
rate to 500 ml with distilled water. 33.8 ml 
of 0.1 M HCl were added to 66.2 ml of bar- 
bital solution. Alkaline hydroxylamine solu- 
tion was prepared by nearly neutralizing a 
stock solution (13.9% or 2 M )  of hydroxyl- 
amine hydrochloride (Eastman Kodak Re- 
agent No. 340)n with an equal volume of 
14% (3.5 M) NaOH solution. The solution 
was used within 2 hours of preparation. 
FeC13 10% solution (0.37 M)  was prepared 
by dissolving FeC13 6 H20 (Merck and Co., 
Reagent Grade, No. 72741) in 0.1 N HC1. 
The esterolytic activity of serum was deter- 
mined as follows: (a) 1 ml of each substrate 
solution (20 pM) and 1 ml of barbital buffer 
were mixed in each of two 16 X 100 mm 
test tubes (A and B).  Both test tubes were 
incubated at  37°C for 10 minutes; (b) 0.5 
ml of serum was added to tube A and incuba- 
tion continued for one hour; (c) both test 
tubes were removed from the water bath 
and 1.5 ml of 10% solution of trichloracetic 
acid was added to tube A ;  (d)  0.5 ml of 
serum was added to tube B, followed by 1.5 
ml of 10% solution of trichloracetic acid; 
( e )  the contents of both test tubes were 
mixed thoroughly, allowed to stand for 5 
minutes and then centrifuged at  2 0 0 0  rpm 
for 10 minutes; (f) 2 ml of clear supernatant 
fluid were transferred from each test tube 
into Coleman cuvettes; (g) to cuvettes A and 
B (containing the reacting mixtures) and to 
cuvette C (containing 2 ml of distilled water) 
were added 2 ml of alkaline hydroxylamine 
solution and 1 ml of diluted HCl with 
thorough mixing; (h) 2 ml of FeCIR were 
added to each cuvette, which was allowed to 
stand at room temperature for exactly 15 
minutes; ( i)  readings were made in Coleman 
spectrophotometer (model 14) a t  540 mp 
with the blank cuvette C set at 0 optical 
density. All determinations were done in 
triplicate and results averaged. A calibra- 
tion curve was prepared from readings ob- 
tained with using 0 to 10 pM of a buffered 
solution of the various substrates ( 6 ) .  One 
unit of enzyme activity was considered equiv- 
alent to 1 pM of substrate hydrolyzed per 

ll The stock solution of hydroxylamine was stored 
at 4°C. 

hour by 1 ml of serum(6). 
(b) Streptokinase solution was prepared 

from a commercial source (Veridase, Lederle 
Division, American Cyanamid Co., Pearl 
River, N. Y.) to contain 2,500 units per 
ml of distilled water. 

(c) Preparation of fractions of serum for 
study of ATEe esterase activity and activity 
of other esterolytic enzymes. Human serum, 
stored at  -20°C until used, was diluted with 
19 volumes of distilled water. A 0.5% solu- 
tion of acetic acid was added drop by drop 
and the pH was adjusted to the desired value 
by direct reading with an expanded scale 
Beckman pH meter (model 76) .  The precipi- 
tate which formed was separated by centrifu- 
gation at 2,000 rpm/l5 min/4’C and resus- 
pended in phosphate buffered saline solution 
(7) to a volume equal to that of the serum 
used originally. 

(d) Miscellaneous technics are described in 
the following sections when indicated. 

Results. (a) Esterase activity of various 
fractions of human serum. The fraction of 
serum precipitated at pH 5.2 digested TAMe, 
BAEe and BAMe. After adding 250 units 
streptokinase per ml, the fraction showed in- 
creased activity against TAMe, BAEe and 
BAMe and digested LMe also. The fractions 
of serum precipitated at pH values between 
6.8 and 7.4 digested BAMe, BAEe, TAMe, 
ATEe (Fig. 1) and, to a lesser degree, ATrEe 
and APhEe. The activity of these fractions 
was not enhanced by addition of strepto- 
kinase. The fraction used for clinical studies 
was obtained at  pH 7.0 Its dry weight varied 
from 7.2 to 11.5 mg/ml of human serum. 

(b) Average values of ATEe esterase ac- 
tivity in “healthy” individuals. Determina- 
tions in 36 normal individuals gave a range 
of values between 18 and 26 units, with an 
arithmetic mean of 22.1 units (Fig. 2). Re- 
sults were reproducible within 1 unit in 
mu1 tiple determinations. 

Properties of serum ATEe esterase. The 
ATEe esterase activity was stable indefinitely 
in serum stored at -20°C. 50% activity 
was lost after 24 hours incubation at 4°C 
and after 12 hours incubation at 25°C. 

The effect of temperature on activity and 
stability of ATEe esterase was studied in 
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TABLE I. Effect of Temperature on Activity of ATEe Esteraae of Serum.* 

Temperatiire of incuhs.t,ion, C 25" 30" 37" 40" 45" 56" 

ATEe &cwtsc? activity, uitits/ml seriini 16.1 19.4 22 26.9 3.7 0 

* See text. 

the following experiment. Fractions of serum 
precipitated at  pH 7 were prepared as de- 
scribed. Aliquots of 0.5 ml were incubated 
at  temperatures varying from 25" to 56°C 
for 30 minutes, with ATEe as substrate. The 
activity of the various aliquots incubated at 
different temperatures is shown in Table I. 
The ATEe esterase activity of serum was 
optimal a t  a temperature of 37OC. 

In another experiment, equal volumes of 
various organic solvents were added to ali- 
quots of serum. The mixtures were allowed 
to stand at room temperature for 15 minutes 
and the solvent was separated by aspiration. 
There was no appreciable change in ATEe 
esterase activity of serum after treatment 
with petroleum ether, but the activity was 
enhanced greatly after treatment with diethyl 
ether or acetone (Table 11). 

In additional experiments, 100 mg Bas04 
(USP) (Mattheson, Coleman & Bell, Nor- 
wood, 0.) or animal charcoal (Mallinckdrodt 
Chemical Works, St. Louis, Mo.) were added 
to 1 ml of a fraction of serum precipitated 
at pH 7 and reconstituted with saline solu- 
tion, to contain 2 0  units of ATEe esterase 
activity per ml. After mixing, test tubes were 
kept a t  room temperature for 30 minutes. 
The absorbents were separated by centrifuga- 
tion at  2,000 rpm/20 minutes. The super- 
natant fluid showed no change in ATEe ester- 
me activity. Conversely, the elution of the 
cake of BaS04 or of the charcoal with buf- 
fered phosphate saline at pH 7.8 yielded no 
enzymatic activity. 

TADTJE 11. Effects of Various Orgailic Solvents 
on ATEe Esterase Activity of Human Serum.* 

ATEe ester&% activ- 
ity, units/ml serum 

~~ 

Scruin .8 
Seriim, treated with 

Petroleum ether 1.2 
Diethyl ether 13.4 
Acetone 14.2 

Addition of varying amounts of €-amino- 
caproic acid (American Cyanamid Co., 
Lederle Division, Pearl River, N. Y.) or soya- 
bean inhibitor to serum caused no appreciable 
change in ATEe esterase activity. Di-isopro- 
pylfluorophosphate (DFP) was strongly in- 
hibitory (Table 111). 

TABLE 111. Inhibition of ATEe Esterase Activ- 
i ty of Human Serum by Diisopropylfluorophos- 

phate (DFP).* 

Concentration ATEe esterase ac- 
of DFP, M tivity, &ts/ml 

.005 0 

.002 6.8 

.001 13.6 

.0005 16 
,000 1 22 

22 - 

*Source of egterase activity was 0.9 ml of the 
resuspended f ractim of human m u m  preeipitated 
at pH 7.0 (exhibiting as1 ATEe esrteraae activity of 
22 units/&). 0.1 ml of the solutions of DFP of 
various strength waa added. Othw technical de- 
tails are: pH of mixture, 7.4; time of incubation, 
10 min; temperature, 37°C. 

(d) Separation of an inhibitor of ATEe 
esterase activity in human serum. Fresh 
human serum showed little ATEe esterase 
activity. This, however, was high in the re- 
suspended precipitate of diluted serum at 
pH 7. The result suggested, among other 
possibilities, the separation of an active en- 
zyme from an inhibitor, the existence of 
which was demonstrated in the following ex- 
periment. The pH of diluted serum was 
adjusted to pH 7.0 and the precipitate, con- 
taining ATEe esterase activity, was sepa- 
rated by centrifugation (see above). The 
pH of the supernatant fluid was then ad- 
justed to pH 5.2 and the new precipitate 
also separated by centrifugation. Both pre- 
cipitates were resuspended in a volume of 
phosphate buffered saline equal to that of 
serum originally used and the ATEe esterase 
activity was assayed in both (Table IV) . The 
fraction precipitated at pH 7 had full ATEe 
esterase activity which was, however, s u p  * See text. 
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0 0 0 0 0 0 0 0 0  0 0 

pressed by addition of an equal volume of 
the fraction precipitated at  pH 5.2. The 

* * w o o  0 0 0 0 0  0 0 

25 

- 
E 2o 
\ 

mixture of the two precipitates was diluted 
with 9 volumes of distilled water and the 
pH adjusted to 7.0. A ,precipitate formed 
which, after resuspension in phosphate buf- 
fered saline, exhibited high ATEe esterase 
activity. These steps of combination and 
release of the enzymatic activity from the 
inhibitor could be repeated several times, 
suggesting that the enzyme combines revers- 
ibly with its inhibitor, without appreciable 
loss of activity. Fig. 3 shows the effects of 
addition of increasing amounts of the inhibi- 
tory fraction (pH 5.2) to a fixed volume of 
resuspended fraction containing ATEe ester- 
ase activity, indicating a possible quanti- 
tative relationship between enzymatic activity 
and its inhibitor. 

TABLE 11.. Reversible Binding of ATEe Esterase 
to I t s  Inhibitor. 

NATIVE SERUM 
I 

.L 
pH 7.0 fraction 

J 
pH 5.2 fraction 

(ATEs  eateraso act iv i ty:  
o units/ml) 

1 
r 

I 

EQUAL V O L W  

(ATEe esterane a c t i v i t y  : 0 units/ml) 

I 10 dilution with d i s t i l l e d  water 

-1 
’. 

H 7.0 f?action 

(ATEO esterme act iv i ty:  

pH 5.2 fraction /.--+- p 

(ATE. saterase act iv i ty:  
0 units/ml) 22 unita/ml) 

EQUAL Y O L W  

(ATEe esterase a c t i v i t y  : 0 units/al)  
~~ 

(e) Properties of inhibitor of ATEe ester- 
m e  activity. The inhibitor of ATEe ‘esterase 
precipitated at  pH 5.2 was destroyed by heat- 
ing a t  56°C for 30 minutes but was stable 
for 3 months when stored at  -20°C. Prior 
treatment of serum with diethyl ether, chloro- 
form or acetone resulted in destruction of 
the inhibitor. The activity of the inhibitor, 
however, was unaffected by treatment of se- 
rum with petroleum ether or benzene. The 
inhibitor was not absorbed from serum by 
treatment with barium sulfate or animal 
charcoal. 

(f) Preliminary clinical studies. Table V 
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TABLE V. ATEe Esterase Activity of Huitian Serum in  Some Disearge States.’ 

Case # Sex Ilia gnosis tivity, units/ml 
A’I’Ee esterase ac- 

1 
2 
4 
5 
ci 

7 
8 

11 
13 
16 
18 
19 
20 
22 
23 
25 
28 
30 
31 
35 
37 
39 
41 
45 

Q 
Q 
Q 
9 
9 

0 
9 

Q 
8 
Q 
8 
8 
Q 
8 
6 
0 
d 
Q 
9 
8 
9 
8 
8 
9 

Portal cirrhosis of liver 
Diabetcs niellitns, chronic alcoholism 
Malnutrition (also. lobar pneumonia) 
Diabetes niellitus 
Chrciiioni:i of pi t  iicreas, with cxtensive involvement 

Toxemia of pregnancy (4th month) 
Epciidynioiiin of third ventricle; chroxiic pyelone- 

pliritis with ureniia 
Portal cirrhosis of liver 
I)i,zbctes inellit us 
Congestivc 1ic;irt f;iilure with marked hepatomegaly 
Portal cirrhosis of liver 

of liver 

P 7  9 9  9 f  9 9  

2 )  9 9  9 9  9 9  

P l  5 9  9 9  P t  

Cirrhosis of liv(>i-, I)ostliepatitic 
Adciiocnrciiiorii:~ of colon, metastatic to liver 
(’irrliosis of liver, posthepatitic 

Biliary cirrhosis 
Portal cirrhosis of liver 
Acute hepatitis 

” ” ” , postnecrotic 

r r  r r  

Acute hepa.tocholaiigitis 
Ohtructive jaundice (impacted calculi), long 

s ta n din g 

0 
0 
0 
0 
0 

14 
10 

2.8 
14.6 
4 

.5 
0 
0 
0 

.4 
1.5 

10.2 
0 
2.7 
0 
3.6 
2.3 
3.9 

17.2 

- 

* T h e  list includes only the  24 cases where ATEe esterase activity of sercm was below 18 
units/ml, the lowest valuth m - 1 ~  fouiid in our experience in healthy individuals. The remaining 
26 cases ehowed values nl)ovc 10 uiiits/nil. Soiie  of these cas& suffered from ~ar0nchyma.l liver 
disease or diabetes mellitris :iiicl represeii ted :L wide variety of medical and sui.gica1 conditions. 

summarizes a series of determinations of 
ATEe esterase activity of the serum from 50 
patients with various disorders. A striking 
decrease was observed in all patients with 
severe parenchymal liver disease, proven by 
a combination of clinical findings, laboratory 
tests and, in 3 instances, liver biopsy. The 
decrease in activity of ATEe esterase cor- 
related with decrease in weight of the pre- 
cipitate obtained from diluted serum at pH 
7 which, in most instances, was below 5 mg 
per ml and as low as 2 mg per ml in 3 cases. 
A depletion of ATEe esterase activity was 
found also in the serum of many patients 
with long standing diabetes mellitus. 

Discussion. There is considerable interest 
in the biologic activity and significance of 
esterases. Among these enzymes, perhaps the 
plasmin system and C’ 1 esterase have been 
investigated more carefully. C’ 1 esterase, an 
enzyme which is activated by the interaction 
of antigen-antibody complexes with C‘ 1 of 
complement, hydrolyzes selected synthetic 
substrates and inactivates C’ 2 and C’ 4. I t  

appears needed for the interaction of com- 
plexes of antigen, antibody and C’ 1 with 
C’ 2 and C’ 4. C’ 1 esterase of human serum 
has been purified and it is known to increase 
vascular permeability in guinea pigs( 5) .  The 
enzyme probably possesses other physiologic 
functions. Its effects are inhibited by anti- 
histaminics ( 5 ) .  An inhibiizor of c’ 1 esterase 
has also been isolated as 8 heat-labile a-glob- 
ulin fraction of serum (8). 

The listing of properties of C’ 1 esterase 
seems to indicate that they are similar in 
many respects to those of ATEe esterase. 
Additional experiments have indicated also 
that ATEe esterase, like C’ 1 esterase, in- 
activates the fourth component of comple- 
ment. ATEe esterase activity of fresh human 
serum is low and variable because of the 
existence of a specific inhibitor which com- 
bines reversibly with the enzyme. 

While most observations indicate a simi- 
larity of properties between ATEe esterase 
and C’ 1 esterase, a few significant differ- 
ences also exist. C’ 1 esterase activity, ac-. 
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cording to Lepow et aZ(4), develops in an 
euglobulin fraction precipitated at pH 5.5 
and the inhibitor of C’ 1 esterase is found 
in small amount only in the euglobulin frac- 
tion precipitated at pH 5.5 or pH 5.2. 
These striking differences in the behavior 
of C’ 1 esterase and ATEe esterase and 
their inhibitors cannot be explained read- 
ily, especially because of the differences in 
methods of concentration of the enzymatic 
activities and of their inhibitors. 

We have developed a method of concentra- 
tion of ATEe esterase activity of human 
serum which is simpler than previously pro- 
posed technics and yields reproducible results. 
It should facilitate studies in the changes of 
activity of serum ATEe esterase in pathologic 
conditions. Preliminary studies have shown 
a significant decrease in serum ATEe esterase 
activity in parenchymal liver disease and in 
long standing diabetes mellitus. It cannot be 
established whether the decrease of ATEe 
esterase activity in disease is related to true 
depletion of enzymatic activity, or to in- 
creased inhibitor activity or to a combina- 
tion of both factors. In any event, these 
observations agree with those of others who 
have reported a decrease in BAEe esterase 
activity in the serum of patients with cirrho- 
sis of the liver(9). Much additional work 
will b? needed, of course, before any conclu- 
sion may be reached on the significance of 
variations in the activity of ATEe esterase 
of serum in clinical disorders. 

Summary. ATEe esterase activity can be 
precipitated from fresh human serum by dilu- 
tion of the serum with distilled water and 
adjustment of pH between 6.8 and 7.4. The 
activity of this fraction of serum is not en- 
hanced by addition of streptokinase. Its 
properties are closely similar to those of C’ 1 
esterase activity of serum. Human serum also 
contains an inhibitor, which is precipitated 
from diluted serum by adjusting the pH to 
5.2. The inhibitor combines reversibly with 
ATEe esterase. Preliminary studies show 
striking depletion of the activity of ATEe 
esterase in parenchymal liver disease and in 
long standing diabetes mellitus. 
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The Fate of Foreign Red Cell,s in Mice with Altered 
Reticuloendothelial Function.* (30261) 
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Previous studies have demonstrated that it saccharide glucan( 1). Conversely, it has been 
is possible selectively to stimulate phagocytic demonstrated that intravenous administra- 
function, due to a pronounced increase in tion of a methyl palmitate emulsion results 
number and activity of Kupffer cells, by in- in a profound depression of phagocytic func- 
travenous administration of the neutral poly- tion due, in part, to a failure in Kupffer cell 

* Supported in part by the Atomic Energy Corn- phagocytosis(2). 
mission. Associated with an enhanced phagocytic 

t U.S.P.H.S. Student Research Assistant. function in glucan-treated mice, was a hyper- 


