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ABSTRACT
AIM: To study the biochemical-pharmacological
properties of the recombinant human butyryl-
cholinesterase { thBChE } and thereby to size up
the polential possibility of using it as a
detoxifying agent in succinylcholine intoxication.
METHODS: CHO-dhir™ cells were transfected
with plasmids by electroporation. BChE activity
was determined colorimetrically by 5, 5'-dithio-
bis-( 2-nitrobhenzoic acid ) ( DTNB )} method.
Antigenicily was estimaled by enzyme-linked
immunosorhent assay and Weslern blot. RES-
ULTS: The maximal expression amounied 1o
25.83 ng - h™'/10° cells. The rhBChE was
highly similar to the nalive human BChE
(nhBChE) in terms of its catalytic property,
substrate affinity. inhibitor sensilivity, reactiva-
tion, stability, and immunoreactivity with anti-
nhBChE antibodies. Mice challenged with 1.5
lethal dose of succinylcholine preincubated with
thBChE
intoxication.

and nhBChE

survived withoul any svmploms of
CONCLUSION: The rhBChE
exhibit similar  biochemical-
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pharmacological features. Tt is of potential value

in practical use.

INTRODUCTION

Many organophosphate { OP ) compounds
have been developed as farm pesticides and
chemical warfare agents for their strong toxicity.
A new approach of prolection against OP
intoxication is lo pretreat polential subjecls with
cholinesterase  preparations'’*  which rapidly
“neutralize” and thereof remove OP from the
circulation before they largels.
Preinjection of butyrylcholinesterase ( BChE }
prevents animals from intoxication of muliiple

reach the

lethal doses of soman without any symploms.
BChE is nalurally present in human blood in a
soluble form with a half-life of approximately 1
wk™, soa single injection will have a long-term
effect. In Europe. human BChE has also been
an approved drug used in human for reversion
prolonged apnea caused by musecle relaxani
succinylcholine in surgery:'”. BChE may be
also useful in therapy of intoxication of cocaine
and heroin. BChE extracted from ouldated
plasma is limited in resources, and is fraught
with danger of infection of diseases such as
hepatitis and AIDS.
desirable to use the recombinant human butyryl-
cholinesterase ( thBChE } instead. However it
has not vel been proved 1o be identical to the
native human BChE {nhBChE)} in biochemical-
pharmacological properties.  The aim of this
paper was to study the biochemical-pharmaco-
logical properties of the rhBChE and thereby 1o
size up the potertial possibility of using it as a

1t therefore may be more
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detoxifying agent in suceinylcholine intoxication.

MATERIALS AND METHODS

Plasmid  Espression plasmid pReCMV-
BCHE carried full-length BChE and its signal
peptide gene (1.8 kb). The expression vector
pReCMY  was approximately 5.5 kb in length
contaimng 655 bp of cytomegalovirus ( CMV)
ampicilin  resistant

promoter.  neemyein  and

genes.

Reagents Human serum BChE (9 kU -
g™, Boehringer Mannheim,
polyclonal antibody against human serum BChE
{ Dako, Denmark); serum-free medium { SFM)

and Dulbeeco’s modified Eagle medium { DMEM ,

Germany J;

Giben,  USA )5 methotrexate  ( MTX 1},
hypoxanthine, and thymine ( Sigma. USA);
physostigmine { Wellcome, UKJ. 5.5'-dithio-

bis-( 2-nitrobenzoic acid)} ( DTNB} and reactiva-
tor 1-( 2-hydroxyimino methyl-1-pyridinio )-3-( 4-
carbamoyl-1-pyridinio )-2-oxapropane dichloride
( HI-6 ) were synthesized by Department of
Chemical Synthesis in our Institute .

Identification of expression plasmid
pRcCMV-BCHE  Expression plasmid pReCMV-
BUHE was digested at 37 C Tor 1 h with
restriction endonucleases Sac | . Pst I + Bgl
l.Apa | . EcoR |, BamH [ . and Hind [l
+ Apa 1, and analvsed by 1% aparose gel
electmphoresis.

Cell culture CHO cells confaining zero
copy of the diliydrololate reductase ( dhfr) gene
were cultured in the growth medium DMEM plus
glysine, L-proline, hypoxanthine, thymine,
antibiotics, and 10 % fetal calf serum (FCS?).
Having been wanslected with plasmid carrying
DHFR gene. CHO cells were cultured in the
selective medium ( growth medium lacking of
hypoxanthine and thymine ) .

Transformation and selection of CHO
cells Half confluent CHO cells (8 x 10°) were
mixed with plasmids pReCMV-BCHE and pSVs-

dhfr (10:1).
CHO cells by electroporation ( capacitance 760
¢F. voltage 240V, discharge time 1000 ms).
Cells that had taken up foreign DNA were
selected by growing them in selective medium.
Colonies appeared in 2 — 3 wk after transfection.

The plasmids were introduced into

Single colonies were isolated and grew in 96-well
plate.  When the ecells were econfluent, the
culture media were replaced with SFM and the
thBChE activity was assayed in 24 h. The
positive clones were treated with MTX 0.05 - 3
rmol + L7 for elevating expression level of
thBChE.

Secreted and intracellular rhBChE To
find the relative amounts of active thBChE in the
culture medium and in the cell, activity was
tested in hoth compartments.
was determined by adding the cullured medium
Intracellular

Secreted activity

directly to the assay mixture.
BChE activity was determined after lysing cells by
freeze-thawing. The soluble Torm of BChE was
extracted with low salt buffer by freezing the
pellet in the presence of 100 mL of phosphate
buffer 0.1 mol - L™ {pH 7.0, Iollowed by
thawing of the lysed cell, cenirifuging and
collecting the supematant. The remaining pellet
was exiracted with high salt buffer by Treezing the
pellet in the presence of 100 mL of NaCl 1 mol-
L', egtazic acid 1 mmol - L=, Trs * C] 10
mmol = 17! (pH 7.6), 1 % Trton X-100,
followed by thawing, centrifuging, and collecting
the supernatant. Each supematant was used in
the activity assay.

BChE activity assay BChE activity and/
or ils residual activity after inhibition and
reactivation were measured by the DTNB
method™'.  Final subsirate concentration was
butyrylthiocholine iodide 20 mmol<L~".

Recognition by anti-nhBChE antibody
The thBChE was tested Tor immunoreactivity with
antibody against human serum BChE by sandwich
FLISA and Westem blot'®' .
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Detoxification of succinylcholine by
thBChE in vitro Twenty Kunming nice ( 3,
18 - 22 g) obtained from Animal Centre of the
Academy of Military Medical Sciences ( Grade
Il . Centificate Ne 01-3023) were equally divided
into 2 groups. Concentrated culture medium {
mL} containing thBChE 25 U was mixed with ]
After

incubation at 37 C for 30 min, each mouse in

mL succinvlcholine solution(3 g-17').

the test group was injected ip the mixed solution
10 mL-kg ™' { corresponding to succinylcholine 15
mg-kg', ca 1.5 lethal dose).
group, thBChE was replaced by
concentrated culture medium of untransfected
CHO-dhfr™ cells.

were examined after injection in the following

In the control

solution
The survival and dead mice
24 h. The experiment was repeated 3 times.

RESULTS

Identification of expression plasmid
pRcCMV-BCHE  The number and size of
restriction fragments were exactly the same as that
of expected after digestion with restriction
endonucleases (Fig 1). BChE gene (1.8 kb!}
was cut off by digestion with Hind [l + Apa [

(Fig 1, lane 8).
Expression of rhBChE and gene
amplification  Fifiv-four CHO-dhfr* colonies

with BChE activity were detected by DINB and
sandwich ELISA.  After amplifying the BCHE
gene copies in CHO cells for 4 months, the
thBChE activity in 5 representative colonies
raised up lo various extents { Tab 1). The
highest expression level of thBChE came up to
25.83 ng-h™! per 10° cells (Tab 1, D6).
Recognition of rhBChE by antibodies

All colonies expressing BChE activity showed
positive reaction in ELISA.  Westem blot
showed that there was only a single band of the
SFM of D6 cells whereas no band was found with
SFM of the non-transfected CHO-dhfr ™ eells ( Fig
21. However, the molecular weight of thBChE

1etn
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===
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0498 kb
083 kb

0 58 kb

Fig 1. Agarose gel electrophoresis of restriction
fragments of recombinant plasmid pRcCMV-
BCHE. 1) DNA markers (ADNA/EcoR I +
Hind [, 21 kb, 5.1 kb, 4.2 kb, 2.0 kb, 1.58
kb, 1.33 kb, 0.98 kb, 0.83 kb, 0.56 kb). 2)
Plasmid pReCMV-BCHE, 3) Plasmid pRcCMV-
BCHE digested with Sac | (4.5 kb, 1.9 kb, 0.8
kb). 4) Plasmid pReCMV-BCHE digested with
Pst | and Bgl [ (3.0 kb, 1.8 kb, 1.4 kb, 0.9
kb). 5) Plasmid pReCMV-BCHE digested with
Apa I (7.3 kb). 6) Plasmid pReCMV-BCHE
digested with EcoR I (4.7 kb, 2.5 kb}. 7)
Plasmid pRcCMV-BCHE digested with BamH 1
(4.9 kb, 2.0 kb, 0.3 kb). 8) Plasmid
pRcCMV-BCHE digested with Hind Il and Apa
I (5.5 kb, 1.8 kb). The 1.8 kb DNA band
was the BChE gene.

Tab 1. rhBChE expression levels subjected to MTX
selection.
Cell thBChE expression levels under MTX pressure
culony Argel ! per 1P cells
_ 3
005 0l 0.5 0.8 1.5 o
panol* L
Do 338 7.17 1.5 (842 MM 25 83
Dg 270 500 11.83 3.38 - -
6 163 6.25 7.63 - - -
Cl0 1.3 245 10,42 16.83 [5.17 17.92
Do 1.08  3.88 7.58 11.58 - -
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Fig 2. Western biot of BChE. 1) Concentrated
SFM from CHO-dhfr~ cells. 2] Concentrated
SFM from cells secreting recombinant BChE in 6{
ng. 3) Standard native BChE in 200 ng.

4} protein molecular weight markers in 500 ng.

( approximately 81 kDa) was 4 kDa less than that
of the nhBChE. (85 kiDa).

Secretion of ThBChE A 93 % of the
thBChE activity was secreted inte the culture
wedium, 4 % in soluble forms extractable with
low salt buffer, and 3 % in membrane bound
forms extractable with high salt buffer ( Tab 2).

Tab 2. Distribution of rhBChE activity.
experiments in duplicate.

n=23
X=ts.

Lhstribution of Enmyme activity  Fnzyme activity
rhBChE + nmol* run ! R
Culture medium 31.81£0.07 03
Soluble form m cell 0.163x0.420 4
Membrane bounrd farm 0.120=0.010 3

K., value The Lineweaver-Burk reciprocal
plot showed that the K value of rhBChE was

1

1.72 mmol * 1.7° when butyryhhiocholine  was

used as the substrate, similar to that of nhBChE
(1.14 mmot-L™") (Fig 3).
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1/pmaol - min

100

|

1 1 e I 1 L
-0.5 -0.3 -0.1 0.0 0.1 0.2 0.3

-0.7
L/Butyrylcholine {mumol-L~1}
Fig 3. Linweaver-Burk reciprocal plot of

nhBChE () and rhBChE (@). nr =3
experiments in duplicate,

Inhibitor sensitivity of thBChE  About
B5 % activities of rthChE and nhBChE were
inhibited by physostigmine 10 pmol* L™ { pls; =
7.2, ply=4.4} (Fig 4).
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Fig4. Physostigmine inhibition on nhBChE ()
and rhBChE (@ ). r = 3 experiments in
duplicate, ¥ + 5.

Reactivation of inhibited BChE by HI-6
The carbamylated and phosphonylated BChE
reactivated spontaneously or by HI-6 along with

the time. The reactivation rates of inhibited
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thBChE and nhBChE were comparable with each
other In and HI-6 reactivation

(Tab 3).

spontanenus

Tab 3. Reactivition of physostigmine- and sarin-
inhibited BChE by HI-6. r = 3 experiments in
duplicate. ¥ +s. E: normal BChE activity.

El: inhibited-BChE activity. EIR: inhibited BChE

4 °C for 24 h,  The enzyme activities decreased
with the increase of the rabbit anti-human BChE
IgG (Tah 4).

Tab 4. BChE activity inhibited by polyclonal
antibody. s =3 experiments in duplicate. ¥ £ 5.
nhBChE and rhBChE normal activities: butyryl-
thiocholine 3. 29 + 0. 53 and 4. 93 = 0. 29 nmol -

activity reactivated by HI-6. min~', respectively.
Reacti- Enzyme activity Reactis ation Dilubior of Enzyme aclivity/ nmol * min " ! Inhikitons ¢
. et L - )
vation /omol min S antibecdy nhBChE HBCHE  nhBCHE  thRChE
wmerh  E i ER P
Fous L £:100 3.03:0.30 4.27:0.23 ] 13
] 1:580 2.87+£0.27T 3900 13 13 M
Physostigmune- infubited BChE :10 2.60£0.47 3.47:0.9 2L
nhBChE, 15 2.43:0.43 3.33:0.13 % A
2 303£0.10 030010 G.8T+0.13 0 pil il 1.93+0.43 .73+ 0 41 45
5 3.03+£0.10 0.404£0.17 1.23+0.13 1 32 \
49 3.03+£0.10 67003 L.57+0.17 11 38
13 3.03£0.10 107013 1.90+0.10 26 42
M4 30301 1235017 2472030 30 &9 In vitro detoxification of succinylcholine
thBURE by rhBChE Tn the test group mice survived
2 360013 0.40:0.10 1.07:0.10 0 321 ¥ grotp e
s 160013 0.73+0.13 1.30+0.27 6 2 without any neuromuscular symploms . none of the
9 3.60:0.13 0.80£0.03 1.70+0.10 8 32 30 mice died in 24 h, whereas all of the 30 mice
13 3.60:£0.13 1.37:0.03 2.230.17 26 39 i i . i
24 3.60£0.03 1.70£0.17 2.90:0.27 36 63  in the control group rapidly exhibited convulsion
Sarin-inhibired BChE and suffocation, and died in 2 - 5 min.
nhBChE
1 3.97+0.27 0.17+=0,03 0.87+£0.13 2 28
4 3y7r:0.27 01320 1.23£0,13 1 42 DISCUSSION
7 1U720.27 0.174£0.10 1.57+0.17 24 F 1 A w ;
-length N s succe :
0 357£0.77 0.57£0.13 1.90£0.10 12 55 ull-length hBChE cDNA was  su ssfully
M 3.97:0.27 0.40£0.27 2.47£0.30 8 73 cloned in 1987-7:8), [t has been expressed in £
thBChE coli, Xenopus oocytes, and CHO expression
1 51+¢0.5 0.17+0 1.07 £+ 0. 10 1 24 . S
1 51108 0.23:0.00 1406077 2 12 gystems, The thBChE from £ coli expression
? 51£0.5 017003 1.70£0.10 1 51 system existed in inclusion body without enzyme
10 5.0:0.5 0.83:+0.10 2.23+0.17 16 S8 e I o
W 51205 0804003 290507 15 12 activity,  After renaturation by unfolding and

Stability of rhBChE The rhBChE lost
7 % activity after incubation at 37 °C for 24 h
and 9 % activity at 4 C in 6 months. The
stability was similar to that of nhBChE (5 % and
10 % ).

Inhibition of BChE by polyclonal anti-
bodies Fqual aliquots (50 uL} of thBChE and
] + 5000 nhBChE were reacted with diluted
polyclonal antibody against human serum BChE at

refolding, the total activity of rhBChE was 0,13
U per 100 ml. culture medium, equaled to 0.7
(g active enzyme per 100 ml. culture medium'® |
The maximal yield of thBChE from Xenopus
vocytes expression svstem was 58 pg per pocyte.
This system only produced membrane bound
thBChE whose subunits were assembled into
dimers .. In CHO expression system, Lock-
ridge has given the maximal expression level of
125 pg+ L= { personal communication). In the
present study, two CHO positive colonies which
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were co-translected with human BChE gene and
DHFR gene and followed by gene amplification in
exposure to MTX for 4 months secreted active
human BChE. The maximal expression level
came up to 25.83 ngrh™! per 10° cells {266 ug
L"), It was the highest level reported so far.

Al colonies  expressing BChE  activity
showed posttive reaction in ELISA. It suggests
that the activity tn DTNB assay comes from BChE
other than other esterases that might be present.
Secretion experiment of thBChE indicated that the
28-amino acid-signal peptide was sufficient for
thBChE into the culture

direct secretion  of

medium.

We conclude that the thBChE produced by
CHO expression svstem is highly similar to
nhBChE in terms of catalytic aclivity, substrate
affinity,  inhibitor
stability, and recognition by anti-human BChE
antthodies.  However the molecular weight of
thBChE iz a bit less than that of the nhBChE, it
might be due to the different modification of
carbohydrate structure in CHQ cells and human
cells.  Kaetzel obtained bovine
hormene with a higher molecular weight and
attributed it to the modification of carbohydrate
structure by CHO celll!! Although the alterna-
tion of carbohydrate structure of thBChE does not
influence the property of the enzyme and
manifested remarkable detoxification effects on
succinylcholine in vitro, the rhBChE should be

used carefully in repeated injections.

sensttivity,  reactivation.,

luteinizing
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