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SUMMARY 

Preparations of the carboxylic ester hydrolases of human brain were obtained 
by (NH4)2SO 4 fractionation and DEAE-Sephadex chromatography procedures. Or- 
ganophosphate-sensitive esterases (B-type) were precipitated by 4o% (NH4)2SO 4 satu- 
ration. Esterases resistant to organophosphate derivatives (A-type) and activated by 
p-chloromercuribenzoate (PCMB) (C-type) were precipitated from the remaining 
supernatant  by 65% (NH4)2SO 4 saturation. The A- and C-type esterases were further 
fractionated by column chromatography into cathodic- and slow and fast anodic- 
migrating enzymes. 

I. Tile major anodic enzymes showed hydrolytic activity toward aryl esters of 
acetic, propionic and butyric acids and were devoid of peptidase, amidase or cholin- 
esterase activity. 

2. The faster-migrating anodic enzymes were shown by starch-gel electro- 
phoresis to be inactivated by air oxidation and could be reactivated by reducing 
agents. Reducing agents also reverse the inactivation of the enzyme by  8 M urea. 
The C-type esterase remained active only in the presence of sulfhydryl-reacting con> 
pounds or reducing agents capable of forming sulfl~ydryl derivatives. The esterases of 
intermediate mobility are inactivated by high concentration of reducing agents or 
sulfl~ydryl-reacting compounds and irreversibly inactivated by 8 M urea. 

3- I t  was concluded that  the fast-moving esterases require either free SH 
groups or SH groups reacted with small reducing molecules, such as iodoacetamide 
or mercaptol derivatives, in order to maintain the conformation required for activity. 
In contrast, the intermediary anodic esterases appear to require both free SH and 
S-S groups for activity, since they are inhibited by PCMB and inactivated by high 
concentrations of reducing agents. I t  appears that  the 3 esterase groups described are 
S H -  enzymes, but differ from each other in the role of the SH group in the determi- 
nation of enzyme activity. 

Abbrevia 'Aon:  PCMB, p-ch loromercur ibenzoate .  
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INTRODUCTION 

This laboratory has previously reported on the separation of carboxylic ester 
hydrolases of brain by starch-gel electrophoresis and the variety of enzymatic mole- 
cular species demonstrable ~& With a-naphthyl acetate as a substrate, these pro- 
cedures reveal that  as many  as I4-X6 isozyme bands can be extracted in aqueous 
medium, and though they vary in their sensitivity to inhibitors and activators, are 
generally resistant to diethyl-p-nitrophenyl phosphate and classified as A-esterases. 
A C-esterase which is activated by some sulphydryl reagents can also be detected a. 
A bound esterase, localized in the endoplasmic reticulum, extracted by 1% Triton 
X-Ioo and sensitive to organophosphate inhibitors (B-esterase) has also been re 
ported 4. Purification of non-specific esterases from plasma or kidney '5 and intestine 6 
has been reported and RAMACHAXr~RAN AN~) A~REN 7 have investigated the DFP-  
bound esterases in liver cell fractions. 

This work presents a method for the separation and isolation of some of the 
carboxylic acid esterases from human brain by fractionation with (NHa)zSO 4, their 
purification on DEAE-Sephadex colunms, and an examination of their differential 
stability and behavior toward SH-reagents. The isolation of the various purified 
fractions may lead to an understanding of their specific properties and the role these 
enzymes may play in brain metabolism. 

METHODS AND MATERIAL 

Hmnan brain without any apparent  neurological involvement was obtained at 
autopsy and placed in a deep freeze at - -6o °. The elapsed time between death and 
freezing varied between 4 and 24 h but experiments on the effect ofpost-mortem auto- 
lysis showed no loss of esterase activity during this interval. When ready for use, the 
brain was allowed to thaw at room temperature for 2 tl and the required brain areas 

O / were dissected, t tomogenates (1:3) of whole brain in o.oo5 M phosphate buffer in I / o  
Triton X-Ioo (pH 7-5), were prepared in a Waring blender for 2 min at room temper- 
ature. After centrifugation at IO5 ooo × g for 2 h (Spinco L4o, No. 3o rotor) the clear 
supernatant was decanted. A fluffy precipitate that  formed in this procedure and was 
difficult to centrifuge could be sedimented by suspending in phosphate buffer before 
recentrifugation. The well-packed sediment was washed twice in buffer and the 
washings combined with the first supernatant.  This solution was saturated to 4o% 
(NH4)2SO 4 (ref. S) and after removal of the precipitate (Fraction I), the solution was 
adjusted to 65% (NH4)2SO4 saturation by addition of the solid crystals. After standing 
for o.5 h, the suspension was centrifuged (Fraction II). The sediments were dissolved 
in phosphate buffer, dialyzed and concentrated. To concentrate the solutions two 
methods were used: (i) immersion of the dialysis tube containing the solution to 
be concentrated in powder aquacide I I  (Calbiochein, Los Angeles, Calif.) ; (2) using 
the Amicon diaflo cell membrane filtration apparatus (Amicon Corp., Lexington, 
Mass.). The fractions were kept frozen at - -2o ° if not used immediately. 

Column chromatog, raphy 
A jacketed chromatographic column (2 c m x  40 cm), (Pharmacia Fine Chemi- 

cals, Piseataway, N.J.) was prepared by packing with DEAE-Sephadex A-5o beads 
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equilibrated with o.I M Tris-HC1, o.ooi M EDTA, and o.ooi M mercaptoethanol 
buffer (pH 8.6). Solutions of Fraction I I  prepared as described above were dialyzed 
against 8 1 of Tris-HC1 buffer (pH 8.6) for 14 h at 4 °. The clear supernatant was used 
for chromatographic fractionation. The temperature of the column was kept constant 
at + 8 ° with the aid of a Lauda circulating-water bath (Brinkman Instruments,  Inc., 
Westbury, N.Y.). The column was washed with I2o ml of buffer after addition of the 
sample. A Varigrad chamber 9 (Buchler Instruments,  Fort Lee, N.J.) was used to 
produce a LiC1 linear gradient from o to 0.5 M. The proteins were eluted from the 
colunm with 800 nil of buffer at a rate of 0.2 ml/min. 5-ml fractions were collected 
in a fraction collector (Gilson Medical Electronics, Middleton, Wisc.) for 48 h. To 
avoid bacterial growth, butanol was added to the buffer to a final concentration of 
I(~/o (ref. IO). Proteins were determined by 28o m# absorption for each tube, and the 
fractions were then assayed for esterase activity using R-naphthyl acetate and R- 
naphthyl  butyrate  as substrates. Since enzymatic activity towards both substrates 
showed a marked decrease with time (3 4 days) and no a-naphthyl butyrate  hydrol- 
ysis could be detected after 2 weeks, the assays were done as soon as possible after 
collection. Aliquots from tubes that  showed esterase activity were pooled and the 
enzyme was concentrated by precipitation with solid (NH4)2SO 4 to 65°.; saturation. 
After centrifugation, the sediment was suspended in o.o5 M phosphate buffer (pH 7.o) 
and freed of excess salts by passing the sample through a Sephadex G-5o resin equil- 
ibrated with the phosphate buffer. The fractions containing esterase activity were 
concentrated by ultrafiltration using the Diaflo Membrane U.M.2 with a molecular 
exclusion weight of IOOO. The concentrated purified sample was frozen between use. 

Enzymatic assays 
Fractions obtained by (NH4)2SO 4 precipitation were assayed using o-nitro- 

phenyl acetate as substrate and the o-nitrophenol liberated was measured at 41o m/~. 
Assays were performed in a Beckman DB Spectrophotometer at 25 ° (pH 7.2) and the 
initial velocity determined for 5 min during which period zero-order kinetics were 
observed. The cell compartment  temperature was kept constant by a Haake Thermo- 
static bath (Polyscience Corp., Evanston, Ill.) and absorption changes were followed 
in a linear-log recorder (E. H. Sargent and Co., Chicago, Ill.) attached to the spectro- 
photometer. Corrections for non-enzymatic hydrolysis were made by reading ab- 
sorption of the substrate against water and after complete hydrolysis with o.I M 
NaOH (ref. i i ) .  Extinction coefficients of 4.18. lO 3 in o.I M NaOH and 1.97- IO a at 
pH 7.2 were used to calculate o-nitrophenol concentration 12. The substrate (o.ooi M) 
was prepared by dissolving appropriate amounts of each substrate in IO ml of abso- 
lute methanol and adding to 0.005 M phosphate buffer (pH 7.2) at 4 ° while stirring. 
The low temperature is required to minimize hydrolysis of the substrate. 

Esterase activity of the samples eluted from the DEAE-Sephadex column was 
determined by a modification of the method of EMERSON la as utilized by ALDRICH 14. 
The a-naphthol substrates (1.38.1o -3 M) were prepared by dissolving appropriate 
amounts of each compound in methanol (final concentration, 4%) and adding this to 
a solution of 4O~o propylene glycol in o.I M Tris HC1 buffer (pH 8.0). The enzymatic 
reaction was followed by determination of the amount of a-naphthol produced after 
30 rain incubation of 1.5 ml of the substrate at 37 °. The a-naphthol produced was 
measured by adding o.I nil of o.4~ o 4-amino-antipyrine and o.I ml of 2% K3Fe(CN)~, 
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and absorption at 51o m# was determined. A calibration curve of a-naphthol was used 
to measure hydrolysis. Enzymic units are expressed as the amount required to liberate 
I #M of o-nitrophenol or a-naphthol/min and specific activity is the number of enzyme 
units per mg protein as determined by the method of LowRY et al. is. The unit desig- 
nations follow the recommendation of the Conunission on Enzymes. 

To study the substrate specificity, emulsions of ~-naphthyl myristate and a- 
naphthyl pahnitate were made in the same buffer as the other esters, but z°;,,o Triton 
X-Ioo buffer was used to emulsify the substrate. Cholinesterase was determined by 
the method of E~LMa.N et al. TM. Peptidase activity was determined using 1-1eucyl-fi- 
naphthylamide hydrochloride or benzoyl 1-arginyl-fl-naphthylamide by the method 
of GOLDBAI(C; aND RUTEXBUR~;~L Partial reduction of disulfide bonds was accom- 
plished by incubation of the enzyme with mercaptoethanol or dithiothreitol in buffer 
solution TM. 

Electrophoresis 
For the determination of the enzymic species population, the enzymes were 

separated on starch gel according to the method of S~HTHIES TM. Esterase activity was 
determined by hydrolysis of a-naphthyl acetate previously described a. Proteins were 
stained with Amido Black Io-B and destained by electrophoresis with carbon elec- 
trodes (Otto Hiller, Madison, Wisc.). To study the effect of urea, enzyme preparations 
were adjusted with buffered urea to a final concentration of 8 M. After incubation 
of the sample at 37 ° for o.5 h with urea, mercaptoethanol or buffer, each fraction was 
applied to the gel which was free of urea or mercaptoethanol. Preparation of the gels, 
separation of the enzymes and inhibitor studies with diethyl-p-nitrophenyl phosphate, 
eserine sulfate and p-chloromercuribenzoate (PCMB) were carried out as previously 
described 3. Controls where the inhibitor solutions were replaced by buffer were as- 
sayed at the same time. The effect of diethyl-p-nitrophenyl phosphate and eserine 
were also studied in vitro. The enzyme inhibitor solutions were preincubated for o.5 h 
at 37 ° and then added to the cz-naphthyl ester substrate solution. Enzymatic activity 
was determined as described above. 

Reage~zts 
o-Nitrophenol acetate, o-nitrophenol butyrate, (~-naphthyl acetate, as well as 

the longer chain (~-naphthyl ester, octanol and 2-mereaptoethanol and iodoacetamide 
were purchased from Sigma Chemical Co., St. Louis, Mo., and used without purifi- 
cation. 4-Anfino-antipyrine was obtained from Eastman Organic Co., Rochester, N.Y. 
Tris-2oI base was used to prepare Tris-HC1 buffers. DEAE-A-5o Sephadex beads and 
Sephadex G-5o were supplied by Pharmacia Fine Chemicals, Inc., Piscataway, N.J. 
Diethyl-p-nitrophenyl phosphate was purchased fronl K and K Laboratories, Plain- 
view, N.Y. Eserine sulfate and PCMB were received from Mann Research Lab., New 
York, N.Y. Dithiothreitol was furnished by P. L. Biochenficals, Inc., Pabst Labora- 
tory, Milwaukee, Wisc., leucyl-fl-naphthylamide hydrochloride, iodoacetamide and 
N-benzoyl-l-arginyl-fi-naphthylamide hydrochloride from Mann Research Labora- 
tories, Inc. 

lHockim. 13iopk3,s..4cta t 7i (,O~O) -'(~5 27f) 
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T A B L E  1 

(NH4)2SO 4 FRACTIONATION OF HUMAN BRAIN EBTERASES 

E n z y m e  uni t s  : n u m b e r  of ml  of enzyme solut ion t h a t  hydro lyze  i /*mole of o -n i t rophenyl  ace t a t e  
per  rain in a t o t a l  of 1.6 ml, using a B e c k m a n  cuve t t e  of o.5-cm path ,  a t  25 °. Deta i l s  as descr ibed 
in METHODS. (Ntt4)2SO a concen t ra t ions  ca lcu la t ed  wi th  the  n o m o g r a m  of DIXON 8. 

Steps Description Volume Enzyme ProteDzs Specific l~ecoverv 
(ml) activity (mg/ml) activity (°.o) 

(units) (~*M/rag) 

1 To ta l  hon logena te  27o 44 o. i 25.2 o.o6 
2 S u p e r n a t a n t  273 354.9 9 o.14 8o.6 
3 o 4o% (NH4)2SO ~ s a t u r a t i o n  ioo  235 io.6 o.22 66.1" 

(Frac t ion  I) 
4 F rac t ion  I a f ter  dialysis ,  concen- 

t r a t ion ,  cen t r i fuga t ion  3 ° [ 26 3o.o o. 14 35.5" 
5 4 ° 65% (NH4)2SO 4 s a tu r a t i on  

(Frac t ion  II)  32 4 ° 22. 4 0.06 11.2" 
0 F rac t ion  1I, a f ter  dialysis ,  concen- 

t r a t i on  and cen t r i fuga t ion  9 4 t .6  53.o o.o9 i ~.7" 

* Recovery  from supe rna t an t .  

A5-7 

I Agtl0 
- - - A l l  

A B C 

Fig. I. E lec t rophore t i c  s epa ra t i on  of h u m a n  bra in  esterases  wi th  a - n a p h t h y l  ace t a t e  as subs t ra te .  
A, Es te rases  e x t r a c t e d  wi th  i o/o Tr i ton  X - i o o  in o.oo 5 M phospha t e  buffer (pH 7.5), 12-5 mg  
pro te in /ml .  B, F rac t ion  I p rec ip i t a t ed  by  4o% s a t u r a t i o n  wi th  (NHa)2SO4, solubi l ized in o.oo5 M 
p h o s p h a t e  buffer, d ia lyzed  and concen t ra t ed  to 3 ° mg p ro t e in /ml  as descr ibed in tex t .  C, F rac t ion  
I I  p r ec ip i t a t ed  by  4o% 65 % s a t u r a t i o n  wi th  (NH4)~SO4, solubi l ized in o.oo 5 M p h o s p h a t e  buffer 
then  d ia lyzed  and concen t r a t ed  to 53 mg pro te in /ml .  The A 5 7 bands  are designated.  

Biochim. Biophys. Acta, 171 (1969) 265-276 
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RESULTS 

The results obtained by precipitation of the enzymes from the 4O°/o - and 65 ~"o- 
saturated (NHa)2SO 4 are shown in Table I. With o-nitrophenyl acetate as substrate, 
appreciable increases in specific activity, which customarily demonstrate the degree 
of purification that occurs are not evident, but separation of the different molecular 
species can be achieved by this procedure (Fig. I). The starch-gel electrophoresis 
patterns demonstrate that when compared to the total  homogenate, the enzyme 
precipitated by 4o~'~ (NH4)2S04 saturation (Fig. IB) consists of the diffuse Triton 
X-Ioo-soluble enzyme which has been previously described as being localized in the 
endoplasmic reticulum, is organophosphate sensitive and classified as a B-esterase 2°. 
Recovery of this enzyme represents 66.1% of that of the total homogenate or approx. 

0 ! 82/o of the activity that is extracted from the tissue. It can be seen from "Fable I 
that this enzyme is unstable in solution and it loses about half of its activity during 
the dialysis and concentration procedures employed. The instability of brain esterases 
during storage has been pointed out previously ~1. The 65% -saturated (NH4)2S Q 
precipitate (Fig. IC) consists of all the isozymes that have been shown previously to 
be present in the cell sap, are diethyl-p-nitrophenyl phosphate resistant, and are 
classified as A-esterases. They represent II.2°~o of the original enzymatic activity and 
about 14% of the aqueous-soluble enzyme. In contrast to the B-esterase, they are 
stable during the dialysis and concentration procedures employed at this stage. In 
preliminary experiments, further attempts to separate specific esterase bands from 
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Fig .  2. S e p a r a t i o n  o f  l m m a n  b r a i n  e s t e r a s e s  o n  l ) E A E - S e p h a d e x  o f  a 4 0 %  ( )5% (NH4)2SO4 
s a t u r a t i o n  f r a c t i o n .  T h e  f r a c t i o n  (42o m g  p r o t e i n )  w a s  a p p l i e d  o n  t h e  c o l u m n  in 12.5 ml  o f  o.~ M 
T r i s  t fC1 ( p H  8.5) ,  w i t h  o .02  M m e r c a p t o e t h a n o l .  A l i n e a r  LiC1 g r a d i e n t  (o o. 5 M), v o l u m e  8oo  ml ,  
w a s  u s e d  f o r  e l u t i o n  in  t h e  b u f f e r  c o n t a i n i n g  o . o o i  M E D T A  a n d  o . o o i  M m e r c a p t o e t h a n o l .  5 -ml  
f r a c t i o n s  w e r e  c o l l e c t e d  a t  a f low r a t e  o f  0 .22  m l / m i n .  A2s 0 m~ r e f e r s  t o  a b s o r p t i o n  a t  280  m/ ,  in  
a cel l  o f  0..5 m l  l i g h t  p a t h  a n d  A 5~0 mv t o  t h e  a - n a p h t h y l  r e l e a s e d  in  3 ° r a in  p e r  n i l  e n z y m e  s o l u t i o n .  
T h e  3 m a j o r  p e a k s  a r e  d e s i g n a t e d  P - l ,  P - 2  a n d  P -3 .  - - ,  p r o t e i n ;  • • , a - n a p h t h y l  a c e t a t e  
h y d r o l y s i s ;  , a - n a p h t h y l  b u t y r a t e  h y d r o l y s i s ;  / -/ - /  /, a - n a p h t h y l  b u t y r a t e  h y d r o l y s i s  
a f t e r  4 d a y s  s t o r a g e ;  . . . . .  , a - n a p h t h y l  a c e t a t e  h y d r o l y s i s  a f t e r  4 d a y s  s t o r a g e .  S a m p l e s  w e r e  
s t o r e d  a t  4 ° in  t h e  g r a d i e n t  bu f fe r .  

Biochim. 19ioph.vs. ~lcta, I 7 r  (tO()9) 205-27(7  
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Fraction II were difficult due to apparent loss of enzymatic activity related to the 
precipitation of proteins during storage. In order to minimize this loss, either mer- 
captoethanol or dithiothreitrol was added to the buffers used to dissolve the proteins 
and was also added to the buffers used to elute the enzyme from the chromatagraphy 
columns. The results of a typical colunm separation are shown in Fig. 2. The major 
peaks are designated P-l,  P-2 and P-3. When the enzyme activity of some fractions 
was determined several days later, a considerable loss in activity was observed for 
the hydrolysis of a-naphthyl butyrate, as can be seen in Fig. 2. Since turbidity was 
observed in those fractions, the loss of butyrate activity appeared to be related to 
the denaturation of proteins. The recovery of a-naphthyl acetate activity was 95%, 
and it was 45% for a-naphthyl butyrate activity when the assays were done im- 
mediately. Other chromatographic separations where mercaptoethanol was not added 
either to the sample or to the elution buffer gave only 3o-45% recovery for a-naphthyl 
acetate activity and a total loss of a-naphthyl butyrate hydrolyzing activity. Higher 
concentrations of mercaptoethanol (o.I M) interfered with 28om# absorbance 
readings. 

Electrophoresis patterns of the three fractions corresponding to maximal 
esterase activity (tubes No. 7 o, 80 and IOO) can be seen in Fig. 3. With a-naphthyl 
acetate as substrate, tube No. 70 of the P-I fraction contains the cathodic esterase 
isozymes principally, with the anodally migrating esterase band proximal to the origin 
also present. Tube No. 80 from the P-2 fraction consists of the slow-moving anodic 
esterases principally, and tube No. IOO from the P-3 fraction, the bands previously 

TABLE 1[ 

SUBSTRATE SPECIFICITY OF FRACTION P-3 

Solutions containing I uM/ml of each subs t ra te  were prepared in o.i M Tris-HC1 buffer as in- 
dicated in the text. The samples were incubated with the subst ra te  during 3 ° min. The specific 
act ivi ty is expressed as #M of subs t ra te  hydrolyzed/min per mg protein. 

S~*bstrate Specific 
aclivitv 

a -Naph thy l  acetate 3.2 7 
a -Naph thy l  propionate  o.6 3 
a -Naph thy l  bu ty ra te  o.o 7 
a -Naph thy l  valerate, -laurate, -myristate,  -palmitate  o 
Acetyl thiocholine o 
N-Benzoyl-  l -arginyl-fl-naphthylamide h ydrochloride o 
L-Leucyl /~-naphthylamide o 

identified from the cell sap as number A5-7 and A9-I I  (ref. 3). No activity toward 
a-naphthyl butyrate was demonstrable. The purified desalted enzyme of Fraction P-3 
obtained after chromatography on Sephadex G-5o and concentrated as described 
earlier (Fraction P-3b) when assayed with a-naphthyl esters of acetate, butyrate, 
propionate, caprylate, myristate, laurate and palmitate, and with acetylthiocholine, 
showed esterolytic activity only toward the first three substrates with no activity 
apparent toward the longer chain esters and no cholinesterase activity (Table II). 
Hydrolase activity measured using 1-1eucyl fl-naphthylamide and N-benzoyl-1- 
arginyl-fl-naphthylamide hydrochloride indicated that Fraction P-3b does not have 
either peptidase or amidase activity. No apparent inhibition of this fraction was 

Biochim. Biophys. Acta, i7t  (I969) 265-270 
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A5-7 A5"7 

~9,10 
~II A9,10 

~ i ~ ~:~ii; iiiil;:iii?iiill ~ iiiii 

÷ ;i  i i ili iiii! ! iii iii i! !i::iii:i 
p-1 P-2 P-3 A | C D 

l:ig. 3. Electrophoretie separation of esterases of tubes No. 7 ° (l '-i), No. 8o (['--,) and No. ,o~ 
(P-3) collected from the l)EAE-Sephadex column as described in Fig. 2, with f~-naphthyl acetate 
as substrate. Separation of the cathodal migrating enzymes (P I), the sloxx-moving anodal en 
z):mes (1'-2) and the major A5 7 and :\9, ro bands can be seen. The A~ ~ band is missing due lo 
air oxidation. 

1;ig. 4. A, Electrophoresis of Fraction I I (36. 5 mg protein/ml) bel\)re chromatography. B, l:rac- 
tion 1'- 3 (o. 7 mg protein/ml). C, Fraction P-3 b (o. 7 mg protein/ml) after desalting on Sephadex 
(;-5 o. ]), Same as (2 but  with the addition of mercaptoethanol at  a final concentration of o. 4 M. 
Note the preservation of the :\ ~ i band and the inhibition of the A 5 7 bands in the presence of the 
reducing agent. Esterase activity was determined with (z naphthyl  aeetate as substrate. 

o b s e r v e d  w i t h  d i e t h y l @ - n i t r o p h e n y l  p h o s p h a t e  (5 "IO-6 M), eser ine  (zo '~ M), iodo-  

a c e t a m i d e  (zo a M), N - e t h y l  m a l e i m i d e  (5" Io  '~ M) a n d  P C M B  (5" IO '~ M). A n u m b e r  

of  d i v a l e n t  c a t i o n s ,  Fe  2+, Ca 2+, Mn 2+, Mg 2+ a n d  Z n  2~ were  t e s t e d  a t  i o  a M, b u t  no  

s i g n i f i c a n t  i n h i b i t i o n  or a c t i v a t i o n  w as  f o u n d .  W h e n  d i e t h y l - f l - n i t r o t ) h e n y l  p h o s p h a t e  

a n d  e se r ine  were  u sed  a t  h i g h e r  c o n c e n t r a t i o n s  of  Io  4 M a n d  lO 2 M, r e s p e c t i v e l y ,  

i~ vitro, j , . ,~  ~o/o of  t h e  c o n t r o l  a c t i v i t y  was  s h o w n  w i t h  t h e  f o r m e r  a n d  3 6 . 6 %  w i t h  

t h e  l a t t e r  i n h i b i t o r .  T h e  i n h i b i t i o n  in vitro is a p p l i c a b l e  to  t h e  A5 7 a n d  A9 I I  

e n z y m e s  in toto, a n d  no  d i f f e r e n t i a l  i n h i b i t i o n  of  F r a c t i o n  P - 3 b  was  d e t e r m i n e d .  

T h e  effect  of  m e r c a p t o e t h a n o l  on  e n z y m a t i c  a c t i v i t y  is s h o w n  in Fig.  4- T h e  

z y m o g r a m  p a t t e r n  of  t h e  ~o °/,,o-6~°/a/o (NH4)2SO 4 f r a c t i o n  is s h o w n  in A, a n d  t h e  

v a r i e t y  of  e s t e r a s e  species  p r e v i o u s l y  c h a r a c t e r i z e d  as A - e s t e r a s e s  c an  be  seen.  T h e  

poo led  P-3 f r a c t i o n  o b t a i n e d  b y  e l u t i o n  w i t h  t h e  b u f f e r  s y s t e m  d e s c r i b e d  a n d  wh ich  

c o n t a i n e d  m e r c a p t o e t h a n o i  (o .ooi  M) is s h o w n  in Fig.  4 B.  T h e  d i f f e rences  in t h e  

d e n s i t y  of  t h e  e n z y m e  b a n d s  a re  due  to  t h e  m a r k e d  d i f fe rence  in p r o t e i n  c o n c e n t r a t i o n  

of  t h e  t w o  p r e p a r a t i o n s ,  F r a c t i o n  I I  c o n t a i n i n g  36.5 m g  p r o t e i n / m l  a n d  t h e  P-3  
f r a c t i o n  o.66 m g  p r o t e i n / m l .  I f  t h e  P -3  f r a c t i o n  is p a s s e d  t h r o u g h  a S e p h a d e x  ( i -5o  

c o l u m n  to  r e m o v e  sa l t s  a n d  excess  m e r c a p t o e t h a n o l  t h e r e  is a m a r k e d  dec rea se  in 
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Fig. 5. Proteins and esterase activity of Fraction P-3 b obtained from Fraction III  by desaltin~g on 
S(,phadex G-5 o and concentrated in a Diaflo cell membrane system. For each pair, csterase activity 
is on the left with its protein electrophorogram adjacent. A, Fraction P-3 b (o.()z mg protein) ; 
B, same as (A), but in 8 M urea; C, same as (A), but in 8 M urea and o. 3 M mercaptoethanol; 
D, same as (A), but in o. 3 M mercaptoethanol. Note the appearance of a broad protein smear 
proximal to the origin with urea, as well as the protective effect of mereaptoethanol on esterase 
activity. Esterase activity determined with a-naphthyl acetate as substrate. Arrows designate 
reaggregated proteins due to dilution of urea concentration during electrophoresis as described 
i'] text. 

Fig. 6. Effect of dithiothreitol on the stability of esterase activity of Fraction P-3 b (0.-,6 mg pro- 
tein). A, No dithiothreitol; B, o.o2 M dithiothreitol; C, o.2 M; I), o.5 M; E, o.6 M; F, 1. 5 M di- 
thiothreitol; (;, 2.o M dithiothreitol. The electrophoretic separations were done on different 
starch gels, which accounts for the non-alignment of the bands. 

t i le b a n d  dens i t i es  in b o t h  t i le  p r o x i m a l  (A5 7) and  d is ta l  bands  (A9, IO). Th is  is seen 

in Fig.  4C. I f  m e r c a p t o e t h a n o l  is a d d e d  to  t he  P-3b  f r ac t ion  (o.6 7 m g  p ro te in /ml )  to  

a f inal  c o n c e n t r a t i o n  of  o. 4 M, t he  A 5 - 7  bands  are  c o m p l e t e l y  inh ib i t ed ,  whi le  t he  

d i s ta l  b a n d s  seen in F r a c t i o n  P-3 r ecove r  the i r  or ig ina l  a c t i v i t y ,  and  show an ad-  

d i t i ona l  b a n d  ( A I I )  wh ich  can  be  seen a n d  which  has  been  de s igna t ed  p r e v i o u s l y  as 

a C-esterase ,  a c t i v a t e d  b y  su l f l lydry l  r eagen t s  3. Thus ,  m e r c a p t o e t h a n o l  appea r s  to  

inh ib i t  t he  A 5 -  7 bands ,  r e a c t i v a t e  b a n d  A I I  and  p r e v e n t  loss of  a c t i v i t y  in A 9, IO 
which  occurs  in t he  absence  of  a SH-  p r o t e c t i n g  reagent .  

F r a c t i o n  P-3b  was  r educed  w i t h  m e r c a p t o e t h a n o l  in t he  p resence  or  absence  of  

8 M u r e a  at  4 ° for  2 4 h (Fig. 5). C o m p a r e d  to  t he  con t ro l  (Fig. 5A), m e r c a p t o e t h a n o l  

(o.3 M) inh ib i t ed  the  A 5 - 7  bands  and  r e a c t i v a t e d  the  A I I  b a n d  as desc r ibed  p rev i -  

ous ly  (Fig. 5D).  H y d r o l y s i s  of  t he  s u b s t r a t e  was i n h i b i t e d  c o m p l e t e l y  b y  p rev ious  

i n c u b a t i o n  wi th  8 M u rea  (Fig. 5B),  b u t  the  loss of  es te rase  a c t i v i t y  in t he  A 9, IO 
reg ions  is p r e v e n t e d  i f  m e r c a p t o e t h a n o l  is also p re sen t  in t he  p r e t r e a t m e n t  m i x t u r e  

(Fig.  5C). E x a m i n a t i o n  of  t he  p ro te ins  of  F r a c t i o n  P-3b  in t he  s a m e  p ic tu re  show t h a t  

5 m o l e c u l a r  species are  p resen t  be fore  t he  a d d i t i o n  of  urea.  Cor re la t ions  b e t w e e n  
e n z y m e  a n d  p ro t e in  bands  c a n n o t  be m a d e  because  deco lo ra t ion  of  b a c k g r o u n d  
s t a in ing  of  t he  gels causes  d i s to r t i ons  which  v i t i a t e  such compar i sons .  W i t h  8 M urea ,  

t he  f a s t - m o v i n g  p ro te in  b a n d s  h a v e  been  a l t e red  a n d  r ep laced  b y  a n o t h e r  species in 
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the same region and a broad diffuse area of protein activity nearer the origin. This 
area presumably represents protein that has been disaggregated by treatment with 
8 M urea and then has reaggregated during the electrophoresis procedure due to the 
dilution of the urea by the buffer. 

The effect of sulfhydryl reagents is demonstrated further in Fig. 6. The P-3 
fraction was desalted on a Sephadex G-5o column, and concentrated in a Diaflo cell 
membrane filtration system. Aliquots of the sample were incubated at 37 ° for 3o rain 
in varying concentrations of dithiothreitol. In the absence of dithiothreitol there is a 
loss of activity in the A9, Io bands while the A 5 7 bands appear to be stable. The 
addition of dithiothreitol (o.o2 M) reactivates the A 9 band without inhibiting the 
A5- 7 bands. At o.2 M dithiothreitol, some slight inhibition of the proximal bands 
appear and at o.5 M dithiothreitol almost completely inhibits these bands while fully 
activating the A9, Io bands. Complete inactivation of the A5-7 zones is achieved 
with o.6 M dithiothreitol, with complete inhibition achieved of all esteratic activity 
at 2.o M dithiothreitol. Some differential effect of dithiothreitol on the activation of 
the A 9 and Io bands seems to occur. The A 9 band appears to be reactivated prior to 
the AIo band. At higher concentrations of dithiothreitol the A 9 band seems to be 
more sensitive than the AIo band. 

D I S C U S S I O N  

Because of the variety and complexity of human brain esterases, the isolation 
of individual enzyme species would appear to be a requisite for studies of their specific 
activity and properties. The differential behavior of the various molecular species 
toward a number of inhibitors and activators 2, differences in solubilities and sub- 
cellular localization 2° and their varied affinities for cl-naphthyl esters 22 indicate that 
the esterases do not constitute a single isozymic series. That groups of isozymes exist 
is not excluded. However the enzymes have in common an ability to hydrolyze 
certain carboxylic acid esters. Whether this hydrolase activity is the major bio- 
chemical function of all esterases demonstrated here is unclear at this time, though 
the major bands do not appear to possess peptidase, amidase or acetylcholinesterase 
activity. 

A crude separation of esterases using DEAE-Sephadex A-5o chromatography 
was accomplished because inspection of the starch-gel electrophorogram showed it 
was possible to divide the esterases into cathodic, slow-moving anodic, intermediary 
and fast-moving anodic bands. The positively charged cathodic bands were eluted by 
washing the weakly anionic exchange resin with the initial buffer. Ttle fast-moving 
esterases were most strongly retained, and were eluted with the higher molarity of 
the buffer used. The slow-moving esterases were more weakly adsorbed and conse- 
quently separated with a more dilute buffer. 

The problem of stability and the nature of any instability of some of the 
esterase species of human brain was the concern of this study. It appeared that 
reducing conditions had to be maintained during purification procedures to preserve 
the activity of the A9- I I  bands. Because of the alkaline pH required in some of the 
procedures, a series of undesirable side reactions could be initiated 2a and had to be 
considered. Electrophoretic separation of tile esterases enabled us to demonstrate 
that the A5- 7 bands were more stable to atmospheric O2 than the A 9 i i  bands. The 
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data with 8 M urea treatment prior to electrophoresis and subsequent dilution by the 
buffer during electrophoresis indicated inactivation of all the esterases present in the 
isolated fraction and suggest the formation of depolymerized material some of which 
reaggregates during electrophoresis. Under the most favorable conditions, reaggre- 
gation to the original active protein may occur after dilution of the protein from a 
8 M urea buffer to lower concentrations of urea. If  conditions are not favorable, a 
new conformational aggregate or denaturated aggregates could be formed. A tran- 
sition form combining denaturation and partial reformation to the original protein is 
also possible. Aggregates of protein bands were observed closer to the point of appli- 
cation of the sample in the gel. Since the A5-7 bands were inactivated by 8 M urea 
with or without a reducing agent, the intact tertiary structure appeared to be re- 
quired for enzymatic activity, and under the experimental conditions employed here, 
a new conformational aggregate devoid of enzymatic activity was formed. The faster- 
migrating A 9 I I  esterases were also denaturated by urea, but the presence of thiol 
reagents protected the enzyme against the inactivation by urea. Thus these esterases 
remain active if oxidation is prevented, and any depolymerization that may have 
occurred does not destroy the catalytic nature of the protein. 

The importance of sulfhydryl groups for the stability of proteins has been 
reviewed by CECIL AND MACPHEE 24. SUND AND WEBER 25 in a more recent article on 
the quaternary structure of proteins enumerate several enzymes in which association 
or dissociation of polypeptide chains may or may not affect the enzyme activity. 
WHITE AND ANFINSEN 26 reported that ribonuclease could be inactivated by reduction 
with mercaptoethanol, cysteine or thioglycollic acid. ANFINSEN AND HABER 2v re- 
moved the excess of reducing agent by column chromatography and reactivated the 
reduced enzyme by standing at room temperature in alkaline pH. It appears that 
the presence of easily reactive free sulfhydryl groups on proteins will tend to form 
disulfide bonds unless the conditions are carefully controlled. This process of oxidation 
with or without polymerization appears to be favored when the enzyme in consider- 
ation is isolated in a purified state and in relatively dilute solution. 

While the effects of organic mercurials, aklylating agents and other SH- 
reacting compounds on esterases has been demonstrated 2, the diverse behavior of 
the group precludes any generalizations. The A5- 7 enzymes are stable toward atmos- 
pheric 02 but are inactivated by high concentrations of mercaptoethanol and dithio- 
threitol, as well as by iodoacetate and PCMB (ref. 3). One can conclude that these 
enzymes are SH- group active enzymes because of their sensitivity to SH-react ing 
compounds. In addition, the inactivation by high concentrations of mercaptoethanol 
and dithiothreitol could result from a reduction of S S linkages in the molecule with 
the resultant alteration in conformation of the protein. This interpretation is sup- 
ported by the data that demonstrated an inability to reactivate the enzyme with 
reducing agents after cleavage with 8 M urea. Thus the A5-7 enzymes appear to 
require free SH groups as well as S-S linkages to exhibit catalytic activity*. The 
difficulties in interpretation of the data obtained with the A5- 7 bands do not appear 
to pertain to the data on the A9, IO enzymes. These enzymes are sensitive to atmos- 
p heric O~, are inactivated by PCMB or iodoacetate, and reducing agents prevent loss 
in activity even after treatment with 8 M urea. The data are compatible with the 

* T h a t  b o t h  S H  a n d  S S g r o u p s  m a y  be  p r e s e n t  in  t h e  s a m e  e n z y m e  h a s  b e e n  d e m o n -  
s t r a t e d  -°s. 
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explanation that one or more free SH groups are required for the protein to exhibit 
enzymatic activity. In contrast to the A5-  7 and A9, IO enzymes, the A l l  band is 
PCMB-activated. Such activity could be a result of an alteration of the conformation 
of the protein by the addition of the organomercurial to SH groups which either 
make available hidden active centers for substrate binding or alter steric hindrance 
factors to enable facilitation of enzyme-substrate interactions. 

The complexity of the non-specific esterase activities of tissue has been con> 
mented on previously2", 3° and the characterization of the various enzyme forms so 
that some understanding of their role can be gained appears to be desirable. The 
ubiquity of these enzymes in all neural tissue thus far examined and their appearance 
early in evolutionary development a would point to a fundamental function of these 
enzymes in metabolism. The molecular forms of the three groups described are all 
SH-group active enzymes but differ from each other in other behavioral charac- 
teristics toward reducing compounds and SH reagents. Further studies are underway 
to determine the nature of these differences. 
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