
INTRODUCTION

Although described some time ago, gamma-butyrobetaine

esters and related compounds have not gained much atten-

tion from researchers. Numerous studies performed by

E. Hosein and co-workers in the 1960s and 1970s indicated

the multiple functions of these compounds (Hosein and

Proulx, 1964; Hosein et al., 1967; 1970; 1971). It has been

reported that, for example, in addition to being a carnitine

precursor, gamma-butyrobetaine (GBB) can undergo

esterification in mammalian brain tissue (Hosein et al.,

1971). The structure of �-butyrobetaine ethyl ester strikingly

resembles that of acetylcholine. The distance between posi-

tively and negatively charged poles in both molecules is al-

most identical. The existence of a specific signal transfer

system based on GBB esters was recently suggested

(Kalvinsh et al., 2006). The possible existence of such a

system is indicated by the reported increase in GBB levels

in stressed animals (Thomizek et al., 1963) and the

cholinergic activity of GBB esters (Hosein et al., 1970).

Seeking arguments to support this hypothesis, we identified

GBB-esterase enzymatic activity in rat blood serum

(Orbidâne et al., 2004).

The signal transfer hypothesis can be formulated as fol-

lows: 1. A specific signal shifts the equilibrium between

GBB hydroxylation to carnitine and GBB esterification to-

wards the GBB esters. Trace amounts of the GBB esters are

physiologically active, thus, the effect should be rather fast.

2. The GBB ester binds its specific receptor; the GBB

esterase, acting like acetylcholinesterase, performs hydroly-

sis of the ester. 3. GBB ester hydrolysis triggers the signal

transduction. Secondary messengers including nitric oxide

can be involved in the process. Existence of the GBB

esterase cannot exclude action of the GBB esters via acetyl-

choline receptors, as the substance can bind them. Recent in

vitro data (Dambrova et al., 2004) have shown that the

GBB methyl ester is a potent agonist for m-type acetylcho-

line receptors and that GBB affinity to these receptors is

much lower. A computer model of the molecular interac-

tions between the GBB ethyl and methyl esters and the ac-

tive centre of acetylcholine esterase indicates that acetyl-

choline and GBB ethyl ester have the same binding modes

(Sjakste et al., 2005a, b; Kalvinsh et al., 2006). This sug-

gests that hydrolysis of GBB esters by this enzyme is

quite possible. Thus, characterisation of a specific enzyme

performing hydrolysis of GBB esters or providing a solid

background enabling to ascribe this function to acetyl-

cholinesterase remains crucial for validation of the above

hypothesis.
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Develeping a protocol for purification of the the enzyme is

an important step to reach this goal. The aim of the present

work was to develop a protocol for partial purification of

protein fractions performing GBB esterase activity in the rat

blood serum.

MATERIALS AND METHODS

Reagents. DEAE-sepharose Fast Flow and HP-sepharose

Fast Flow were supplied by Amersham Biosciences, BioGel

P 150 was from BioRad, USA. Polygram SIL G/UV254
plastic sheets (40×80 mm) from Macherey-Nagel, Ger-

many), polyethylene glycol 20000, and 6-aminocaproic acid

from Roth (Germany). Fast Blue RR salt, CNBr-activated

Sepharose
TM

4B –GE Healthcare Bio Sciences (Sweden),

S-acetylthiocholine iodide was obtained from Acros organ-

ics (USA).

Butyrylcholine chloride, procainamide, l-(3-dimethylamino-

propyl)-3-ethylcarbodiimide hydrochloride and 1,5- Bis(4-

allyldimethyl-ammoniumphenyl)-pentan-3-one dibromide

(Bw 284c51) were from Sigma (Germany).

Blood serum. All manipulations with animals were per-

formed in accordance with Lithuanian and Latvian regula-

tions, and in agreement with EU rules; permission from the

Ethics Commissions of the Ministry of Agriculture was ob-

tained to perform this study. Blood was obtained from male

Wistar rats decapitated under slight ether narcosis. Col-

lected blood was stored at 37
o
C for 2h and then centrifuged

20 min at 5000 g to obtain serum in the supernatant. Serum

was stored at 4
o
C until used (up to 3–10 days).

GBB-O-NF esterase activity was measured on a Perkin

Elmer Lambda-20 spectrophotometer using GBB-O-

naphthol (GBB-O-NF) as substrate essentially as described

in (Morgan et al., 1994). Briefly, the hydrolysis of GBB-O-

NF to 1-naphthol was estimated by the increase in

absorbance at 322 nm (the extinction coefficient for

1-naphthol is 2.2 mM
–1

cm
–1

). The reactions were con-

ducted in a 1-ml cuvette and initiated by the addition of sub-

strate (10 µl of 100 mM stock in water). Initial velocities

were measured at 25
o
C for 10 min in one mL of assay mix-

ture composed of 100 mM sodium phosphate buffer, pH

7.4; 0.1 mM GBB-O-NF and serum or fractionated enzyme

preparation. In the measurements, the spontaneous hydroly-

sis of GBB-O-NF and the effects of additives on substrate

hydrolysis were eliminated by using different blank tubes

containing appropriate combinations of compounds. A unit

of GBB-O-NF esterase was defined as the amount of en-

zyme which catalyzes the formation of 1 �mole product per

min under these conditions.

Dialysis of rat serum. 10 ml of serum was dialyzed against

0.02 M Na acetate buffer, 1 mM EDTA, pH 4.5 for 12

hours and 3 hours against 0.02M Na acetate containing

1 mM EDTA, pH 4.2.

Salting-out was performed by 40–60% saturation of

(NH4)2SO4.

DEAE Sepharose chromatography pH 4.2. 10 ml of dia-

lyzed serum (700 mg total protein) was applied to a DEAE

Sepharose column (0.8 cm ×14 cm), eluted with 25 ml 0.02

M Na acetate buffer pH 4.2, then with a 70/70 ml gradient

of 0–0.15 M NaCl in 0.02 M Na acetate buffer pH 4.2 con-

taining 1 mM EDTA. Flow rate was 0.3 ml/min. Concentra-

tion of fractions was performed with Polyethylenglycol

20000.

DEAE Sepharose chromatography at pH 6.5. A 2.4 ml

solution containing 10.5 mg of proteins was obtained after

DEAE sepharose chromatography at pH 4.2 (peak II mani-

festing enzymatic activity) was dialised against 0.02 M

phosphate buffer pH 6.5, 1 mM EDTA and after dialysis ap-

plied onto another column (0.8 cm × 7 cm) with DEAE se-

pharose pH 6.5, 1 mM EDTA. A 40/40ml gradient of

0–0.15 M NaCl in phosphate buffer pH 6.5, 1mM EDTA

was used for fractionation. The flow rate was 0.3 ml/min.

DEAE Sepharose chromatography at pH 7.4. A 2.4 ml

solution containing 10.5 mg of proteins obtained after

DEAE sepharose chromatography at pH 4.2 (peak II mani-

festing enzymatic activity) was dialised against 0.02 M Tris

HCl buffer pH 7.4 and after dialysis was applied onto an-

other column (0.8 cm × 7 cm) with DEAE sepharose pH

7.4. A 40/40 ml gradient 0.1–0.5 M NaCl in 0.02 M Tris

HCl buffer pH 7.4 with 1 mM EDTA was used. Flow rate

was 0.3 ml/min

Heparin Sepharose chromatography at pH 7. A 4 ml so-

lution containing 10.5 mg of proteins obtained after DEAE

sepharose chromatography at pH 4.2 (peak II manifesting

enzymatic activity), was dialised against 0.02 M Tris HCl

buffer pH 7 with 1mM EDTA, concentrated with Polyeth-

ylenglycol 20000 1 h 4
o
C and 1 ml (10.5 mg of proteins)

applied on to heparin sepharose column (size 0.8 cm × 7

cm). A 40/40 ml gradient 0–0.5 M NaCl in 0.02 M Tris HCl

buffer pH 7 with 1 mM EDTA was applied. The flow rate

was 0.3 ml/min

Bio Gel P150 chromatography. A 4 ml solution contain-

ing 10.5 mg of proteins obtained after DEAE sepharose

chromatography at pH 4.2 (peak II manifesting enzymatic

activity), was dialysed against 0.05 M Tris HCl buffer pH 7

and after dialysis 4 ml was applied on to (0.8 cm × 14 cm)

column with Biogel P150. The column was washed with 50

mM Tris HCl, pH 7, 1 mM EDTA. The flow rate was 0.3

ml/min

Procainamide–Sepharose 4B chromatography. Procain-

amide gel was synthesised according to the method of

Cuatrecasas (1970). Briefly, CNBr-activated Sepharose 4B

(3g) swelled in water and washed with 20 × 3 ml of 1 mM

HCl, then with 20×3 ml of water; was then coupled with

6-aminohexanoic acid (0.26 g) in 0.2 M Na2CO3/ NaHCO3,

pH 8.3 buffer containing 0.5 M NaCl. Excess ligand was re-

moved by washing and the remaining active groups were

blocked with 0.1M Tris-HCl buffer, pH 8.0. Procainamide

(0.275 g; 100/µmol/ml of gel) was coupled to the 10 ml of

6-aminohexanoic Sepharose 4B by addition of 10 ml of
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0.2 M l-(3-dimethylamino-propyl)-3-ethylcarbodiimide hy-

drochloride (0.38 g) maintaining the pH at 4.5 with 1

MHC1 for 2h and then stirring at room temperature (20–25

°C) for 24 h. The gel was washed three times with 20 ml of

water. The concentration of the procainamide bound to the

gel was determined by measuring the absorbance of the

washings (ε = 16150 M
-1

cm
-1

at 278 nm). The difference

between the starting amount and the amount in the

washings gave the gel-bound concentration — 0.3 mmol

procainamide was bound to 10 ml of hexanoic-sepharose.

The affinity column (0.8 cm × 5 cm) was equilibrated with

20 mM potassium phosphate, 1 mM EDTA pH 7 and

washed with 20 ml of 20 mM potassium phosphate, 1 mM

EDTA pH 7.0. The column was then eluted with 38 ml of

0.2 M NaCl in buffer. Finally, the proteins more tightly

bound to procainamide were eluted with 40 ml of 1 M NaCl

in 20 mM potassium phosphate, 1mM EDTA pH 7.0. Con-

centration of fractions was performed with Polyethyl-

englycol 20000.

Thin layer (TLC) chromatography. Polygram SIL

G/UV254 plastic sheets(40 × 80 mm) were used for TLC

chromatography. System for chromatography was n-butanol

saturated with water.

Activity assay by TLC. A5 µl solution of substrate (10
-2

M), 10 µl 100 mM phosphate buffer pH 7.4, 10 µl enzyme

fraction were incubated for 1 or 12 hours and when 8 µl

were applied on TLC plate. Naphtyl compounds are visual-

ized under UV light.

SDS gel electrophoresis. 10% gels were run at 120 volt

constant voltage for four hours (Laemmli, 1970). Gels were

stained with Coomassie dye.

Nondenaturing gel electrophoresis. Fractions containing

30 µg total protein per lane were subjected to electrophore-

sis in a 3% acrylamide stacking gel and a 7.5% acrylamide

separating gel and run at 120 volts constant voltage for 4

hours. After electrophoresis, the gels were washed for 15

min in 100 mM sodium phosphate buffer (pH6.8), followed

by staining procedures as described below.

Staining in gels. Gels were stained for GBB-esterase and

for cholinesterase activity. The unstained SDS-PAGE gel

sections were washed for 15 min in 100 mM sodium phos-

phate buffer (pH 6.8) containing 25% isopropanol, and then

for an additional 15 min in the same buffer without isopro-

panol. The gel sections were then incubated in the same

buffer containing GBB-O-NF (0.01%) and 4-benzolamino-

2,5-dimethoxybenzenediazonium chloride hemi (zinc chlo-

ride) salt, usually termed Fast Blue RR (0.01%). Staining is

based on the formation of an insoluble complex between

1-naphthol hydrolyzed from GBB-O-NF and Fast Blue RR

(Yan et al., 1995). Cholinesterase staining was carried out

according to Karnovsky and Roots, essentially as described

by Seidman et al., 1995. Briefly, gel sections were rinsed

three times with water and then in 65 mM sodium acetate,

pH 6.0. Afterwards they were incubated overnight in buffer

containing 65 mM sodium acetate pH 6.0 0.5 mg/ml

acetylthiocholine, sodium citrate 5 mM, cupric sulfate 3

mM, and potassium ferricyanide 0.5 mM. The reactions

were stopped by washing the gels with water.

Determination of protein concentrations. Protein contents

in the chromatography steps during the purification proce-

dure were estimated by measuring the absorbance at 280

nm. In the pooled samples, the protein concentrations were

determined by the method of (Bradford, 1976) using BSA

as a standard.

RESULTS

Applicability of the gamma-butyrobetaine naphtyl ester as-

say for detection of the GBB esterase activity will be de-

scribed elsewhere (Bagdoniene et al., 2009). The following

protocols of the enzyme purification were tested for appli-

cability.

Salting out with (NH4)2SO4. It was shown that GBB-O-

NF esterase activity was preserved after salting out by

40–60% saturation of (NH4)2SO4. However, the salting-out

procedure was omitted in most of experiments as some

GBB-esterase activity was lost during the salting-out step.

Fractionation on DEAE sepharose at pH 4.2. After frac-

tionation on DEAE Sepharose at pH 4.2 the GBB-esterase

activity was identified in a peak eluted by 0.076 M NaCl

(peak II, Fig. 1). Electrophoretic separation of the polypep-

tides of the above fraction revealed a very heterogenous

composition, a polypeptide of about 70 kDa manifested

both esterase and GBB-esterase activities (Fig. 2). The same

pooled fractions were subjected for nondenaturing gel elec-

trophoresis and gels were stained for esterase with naphthyl

acetate as substrate and GBB-O-NF esterase activity. Re-

sults are shown in Fig. 3. Despite diverse protein composi-

tion, the activity was detectable in a sole band. When the

active fraction obtained in the previous procedure was ap-

plied on the DEAE Sepharose at pH 6.5 and eluted with a

0–0.5 M NaCl gradient, activity was detected in the peak

eluted at 0.315 M (peak I, Fig. 4). Protein composition of

the fraction still appeared to be diverse (Fig. 5). The same

Fig. 1. Fractionation on DEAE Sepharose column at pH 4.2. Elution of ac-

tive fraction of enzyme was achieved with 0.07 M NaCl in 25 ml 0.02 M

Na acetate buffer pH 4.2. Bracket indicates pooled active fractions used for

further purification.
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procedure conducted at pH 7.4 led to complete loss of the

enzymatic activity (not shown). Similar loss of activity oc-

curred also after separation of the active fraction obtained

after fractionation on DEAE Sepharose at pH 4.2 on Biogel

P150 (not shown). When the activity-containing fraction

obtained after fractionation on DEAE Sepharose at pH 4.2

was dialysed, concentrated and applied to a heparin Sepha-

rose column at pH 7, proteins were eluted by 0–0.5 M NaCl

gradient. Enzyme activity was detected in a peak eluted

with 0.125 M NaCl (peak I, Fig. 6). In this case nine protein

bands were detected by Coomassie staining (Fig. 7). Only

five bands were observed after separation of this fraction in

native conditions. (Fig. 8A). Staining with naphthyl acetate

and staining with GBB naftyl ester revealed individual

bands possessing enzyme activity (Fig. 8, B and C). GBB

esterase activity in the fractions was confirmed also by

Fig. 2. 10% SDS-PAGE of proteins of the active fraction obtained after

DEAE chromatography at pH 4.2 stained with Coomassie dye (A), for

esterase activity (B) and for GBB-esterase activity (C). 1 – butyrylcholine

esterase; 2,3 – enzymatically active fractions from DEAE sepharose frac-

tionation (peak II); 4 – unfractionated rat serum.

Fig. 3. Electrophoretic separation of proteins fractionated by means of

DEAE sepharose chromatography at pH 4.2 (peak II) in 10% polyacril-

amide gel, native conditions, stained with Coomassie dye (A), for esterase

activity (B) and for GBB-esterase activity (C). 1-6 – fractions of the peak

II.

0.5M NaCl
I

II

25 50 75 100 V(ml)

Fig. 4. Further fractionation of the proteins of peak II obtained after DEAE

Sepharose chromatography at pH 4.2 on DEAE Sepahrose at pH 6.5.

Fig. 5. 10% SDS-PAGE of proteins of the peak I (1 and 2) and peak 2 (3)

obtained after chromatography on DEAE Sepahrose at pH 6.5 of the active

fraction separated on DEAE chromatography at pH 4.2 and stained with

Coomassie dye (A), for esterase activity (B) and for GBB-esterase activity

(C).

V(ml)

0.5M NaCl

I

II

Fig. 6. Further fractionation of the proteins of peak II obtained after DEAE

Sepharose chromatography at pH 4.2 on heparin Sepharose at pH 7.

Fig. 7. 10% SDS-PAGE of pro-

teins of the peak I (1 and 2) and

peak 2 (3 and 4) obtained after

chromatography on heparin

Sepharose at pH 7 of the active

fraction separated on DEAE

chromatography at pH 4.2 and

stained with Coomassie dye.
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thin-layer chromatography (Fig. 9). It seemed interesting to

clarify whether hydrolysis of the GBB esters in serum was

performed by butyryl choline esterase. Comparison of elec-

trophoretic mobility in native gels of the proteins manifest-

ing GBB-esterase activity with mobility of purified butyryl-

choline esterase clearly indicated that these are different

proteins (Fig. 10). As seen in Fig. 2, GBB esterase activity

possesses a major polypeptide of 70 kDa and minor pep-

tides of 150 and 35 kDa.

Fractionation on DEAE Sepharose at pH 4.2 with fol-

lowing procainamide Sepharose 4B chromatography.

The above purification procedures did not seem to be suffi-

ciently efficient, so we attempted fractionation on DEAE

Sepharose at pH 4.2 with subsequent procainamide Sepha-

rose 4B chromatography (Lockridge et al., 2005). Serum

was dialysed against acetate buffer pH 4.2. The dialysate

was fractionated by ionic exchange chromatography on

DEAE Sepharose at pH 4.2. Fractions manifesting GBB es-

terase activity (Fig. 1) were pooled and subjected to chro-

matography on a procainamide column. Procainamide is

ligand specific for the choline binding site (see insertion in

Fig. 11). Procainamide affinity chromatography was found

to be efficient for purification of most cholinesterases

(Lockridge et al., 2005). We suppose that procainamide af-

finity chromatography will also operate for GBB esterase

purification. GBB-O-NF and choline esters are structurally

relative to procainamide. The GBB-esterase activity con-

taining proteins were eluted with 0.2 M NaCl. The proteins

bound more tightly to procainamide were eluted with 1 M

Fig. 8. Electrophoretic separation of proteins obtained by means of heparin

DEAE sepharose chromatography at pH 7.4 (peak I) of the active fraction

separated on DEAE chromatography at pH 4.2 in 7% polyacrilamide gel,

native conditions, stained with Coomassie dye (A), for esterase activity (B)

and for GBB-esterase activity (C). 1 and 2 – fractions of the peak I, 3 –

unfractionated serum.

Fig. 9. Analysis of the gamma- butyrobetaine naphtyl ester hydrolysis by

thin layer chromatography on silica gel. A: K – Gamma-butyrbetaine

naphtyl ester; 1 – 4 – DEAE sepharose pH 4.2 chromatography (peak II)

fractions incubated with gamma butyrobetaine naphtyl ester for 1 hour; B

K – Gamma-butyrobetaine naphtyl ester; 1,2 – fractions obtained after

DEAE sepharose chromatography at pH 6.5 (1 and 2) of the preparation

described in A incubated with gama butyrbetaine naphtyl ester for 1 hour;

3 and 4 – fractions obtained after heparine Sepharose chromatography at

pH 7 (1 and 2) of the preparation described in A with gamma butyro-

betaine naphtyl ester for 1 hour.

Fig. 10. Electrophoretic separation of

proteins of the fraction manifesting

GBB-esterase activity obtained by

means of DEAE chromatography at pH

4.2 (1) and purified butyrylcholine

esterase (2) in 7.5% polyacrilamide gel,

native conditions, stained for GBB-

esterase activity.
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NaCl (Fig. 11). Comparison of enzymatic activity and pro-

tein content in the fraction indicated that we have achieved

a 68-fold increase in specific activity of the GBB-esterase.

The active fraction in SDS-gels was represented by several

polypeptides (Fig. 12). Staining native gels of the active

fraction for GBB-esterase activity revealed several bands,

different from those manifesting choline esterase activity

(Fig.13, A, B). One of them contained about 95% of the to-

tal GBB-esterase activity. Four distinct bands of 160, 70, 56

and 35 kDa were seen on SDS-PAGE gels stained for

GBB-esterase activity. The 70 kDa band contained about

95% of the total activity, again, the bands did not co-

localise with polypeptides manifesting choline esterase ac-

tivity (Fig. 13, C, D).

DISCUSSION

Combination of DEAE Sepharose at pH 4.2 and affinity

chromatography with procainamide enabled us to obtain a

protein fraction 68 times enriched in the GBB-esterase en-

zymatic activity. Our results clearly indicate advantages of

affinity chromatography from the point of view of purifica-

tion efficiency. Purification and characterisation of the

gamma-butyrobetaine esterase is presently on line. Utility

of procainamide for purification of the GBB-esterase activ-

ity raises again a question about existence of the specific

GBB-esterase, as procainamide is an acetylcholine ana-

logue. Despite still rather diverse composition of our frac-

tions and presence of the acetylcholineserases therein, we

could discriminate peptide bands possessing either acetyl-

cholinesterase or GBB-esterase activities. These results in-

dicate a potential for further characterisation of GBB-

esterases of rat blood serum by means of two-dimensional

gel electrophoresis followed by mass-spectrometry.

The hydrolysis of GBB-esters by some enzyme in blood se-

rum indicates the physiological significance of these sub-

stances. The possible physiological function of such an en-

zyme also arises. The GBB-ester-dependent signal transfer

described in the raised hypothesis is quite possible in brain

or other tissues; however, it hardly takes place in blood se-

rum. In our opinion, the blood serum GBB-esterase together

with blood acetylcholine esterase, butyrylcholinesterase,

carboxylesterase and paraoxonase is involved in detoxifica-

tion of hazardous substances, (Nigg and Knaak, 2000;

Wheelock et al., 2008). Probably, the enzyme can protect

the organism against excessive molecules of gamma-

butyrobetaine esters synthesized in other organs for func-

tional purposes. Substances manifest strong cholinergic ac-

tivity (Àáäèêàëèåâ è äð., 1991; Ìååðñîí è äð., 1991a,

1991b), excess of gamma-butyrobetaine esters could be

dangerous, therefore, GBB-esters are constantly hydrolysed

by the blood serum GBB-esterase.

The conclusions are the following:

1. Combination of DEAE Sepharose at pH 4.2 and affinity

chromatography with procainamide enables to obtain a pro-

tein fraction 68-times enrichment compared to unfraction-

ated serum in the GBB-esterase enzymatic activity.

2. Peptide composition of the fraction is still diverse, but

suitable for further analysis.

3. GBB-esterase and acetylcholinesterase activities are per-

formed by different peptides of the fraction.
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PROTOKOLS ÞURKU ASINS SERUMA PROTEÎNU GAMMA-BUTIROBETÎESTERÂZES AKTIVITÂTES BAGÂTINÂTAS

FRAKCIJAS IEGÛÐANAI

Neraugoties uz to, ka gamma-butirobetaîna esteri un tiem radniecîgi savienojumi jau sen ir pazîstami, tie nepiesaista pietiekoðu pçtnieku

uzmanîbu, un ðo savienojumu fizioloìiskâs funkcijas paliek neizprastas. Iepriekð esam noteikuði gamma butirobetaînesterâzes aktivitâti

þurku asins serumâ. Ðî darba mçríis bija izstrâdât pieeju, kas ïautu attîrît individuâlus þurku asins seruma proteînus ar gamma-

butirobetaînesterâzes aktivitâti. Hromatogrâfijâ uz DEAE sefarozes pie pH4,2 izdevâs iegût ar fermenatîvu aktivitâti bagâtinâtu frakciju,

kuras sastâvâ bija daudzi polipeptîdi. Turpmâka ðîs frakcijas hromatografija uz DEAE sefarozes pie pH 6,5 vai uz heparîna sefarozes pie pH

7,0 neïâva samazinât polipeptîdu skaitu. Augstâk minçto frakciju sadalot, hromatografçjot uz DEAE sefarozes pie pH 7,4 vai uz BioGel

P150 GBB-esterâzes, aktivitâte zuda. Labâkie rezultâti (68-kârtîga fermenta attîrîðana) tika sasniegti, kombinçjot hromatogrâfiju uz DEAE

sefarozes pie pH 4,2 ar afinitâtes hromatogrâfiju uz prokainamîda.
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