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ARy 7 %2%% L, MA7FYNVa) y2A5 55—+ (BChE) EHEERER NI E
A SN o 72 B L ZDOFREICDOWT, BCHE BIZFMN%1T7% o720 SWE 1%, M
7N BOBEIRENC & BIENTA S, BChE ¥ V80 B #% b7k w4 Ly Mllay v
AT T —LIMAETH 5 & Bbhiz. BIETHITOKE, FimEid QLIIX B# & G365R EHr
EEL/IATHIZAEL, ¥5ITAF39T £# (K-variant) R EIZET A EDHL IR -
72 FIETIE, £EMIER FTREOIMA BChE Sl 2 /R L Twizas, XH & BT 1d G365R
& AB3IT Z£H %, BBHEMIEL QLI9X & AS3IT ZRZELH5LATFIIZA LTz, Q119X
ZHE G365R ZBRIZLE DITHA L Y MIERBAZ L 7-6FT 2 & MoNTw5h, ¥—T— K
TFIYNI) YT ATT—E, FA Ly VIRERE, BTN, SRRAER

Abstract

The male subject who visited the hospital for physical checkup was revealed to
have no detectable butyrylcholinesterase (BChE) activity in plasma and suspected of
having a silent variant of the human BChE. In electrophoretic analysis, no BChE
protein was observed in his plasma. Genomic DNA sequence analysis identified three
point mutations of Q119X, G365R and A539T (K-variant) in his BCHE gene. He was
heterozygous for both of the Q119X and G365R mutations, and was homozygous for the
A539T mutation. All family members of the propositus had plasma BChE activities
around the normal lower limit. His father and son were heterozygotes for both of the
G365R and A539T mutations and his mother and sister were heterozygotes for both of
the Q119X and AS539T mutations. The Q119X and G365R mutations have been
reported to cause the silent phenotype. Key words: butyrylcholinesterase, silent
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i L & (Z

TFYnay vy A5 5—+ (EC 3118 BChE) I, acetylcholine # &®ff4 %27 ¥V
3 YERMKGHT 2ERT, MEI) VIATI—EDHD0EBEaY) VI AT IT—ELEHIT
iM%, BChE OABWERIIHL ATV, ECHBTEERENG 20, FHEELR
FTHREL LTLRLRZOEEDSHE SN T WS, MiH BChE EHE0 AL, FRERK
KERBTRWIZD25EN5130, AHRY VREELEICIZERHEICL > T &R
ENBH, EEIIEBChEEEEZET AP0 EHL 2OMON TS Y, FREERHIZHER S
55 VE R B o fifE#] T d 5 succinylcholine 1 I H @ BChE 12 & - TR 212K 5
I, BEHHEBIGELTHINERT 20, 5 INBEDINEETHS, LiL, I
1 BChE EHEME WG E, D ENEENEOEIFRIEZ 5] R TRERMEND VTR
BT 5V,

BEREECKIY Y2 AT I—VYIED 5V EH A Ly Mo Y 227 T —EILE
BCHE BIZTOERPEETH 1, 19894E12% D cDNA DIFEEFIAH 522 S TULE
SFE TIAEBEU LOERPHE SN T0EY, 2L 3—EHEBRPIERE 25 HERT
1, compound heterozygote % multiple point mutations Z &3 AF dHE SN TWVEY,
SE, FAVL Y MIa) Y I RATFI-FMEZRELZEEZRBHE LT S5 —RKRIIDOVT,
BChE DB FEIT 21T % > 72D THET %,

Vil &
1) & =®
FEN X4 BT, AM Ny 2% %2 LK, MEHKRETBChE EHENE L RENE W
ZEWhPY, RADHKETHABIUREIZOVWTE HIKELR,

2) BChE iEMEAIE

4%+ @ BChE {&%, dibucaine number (DN) 3 X OF fluoride number (FN) 1, H#WH
57D FEIHE - T butyrylthiocholine # #£E & L CTHIE L 720 1&HI1Z25C I BT 5 k5
& (umol/ml - plasma/hr) T/RL7zc DN B X FN iZ, #12*10.0lmmol/L ® dibucaine
$ X 0%0.05mmol/L @ sodium fluoride 2 & % BChE {EMERAEZ/S— & ¥ » TR L7

3) BChE 2 >INV EDEMEES S URELEEICL 55

A BChE DiftEgets I X ORERE I RTRY L7z HETIT R o7z, TRbbilidEs v 5
HZ8%RIT7INVTINFVTERIKB L2Db, FAuVBIlEE L, Hkfdi
l-naphthylacetate # 2% & U TS %4772\, 2-amino-5-chlorotoluene diazotate T¥eft % 17
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o lze IEGM TIE, ik b BChE 7 ¥ FHEK, KW TH 7 ¥ F 1gG 77 itk (/S—F %
VEF— B LR EE, a=h 4L/ AF 4 HRP-1000 (Konica Co, Japan) 2 & o T
Bt L7z,

4) /7 LDNAY =TTy

4/ 2 DNA i Sambrook 5D FEICH# LT, ALk 558 L7, BCHE #fzFHTr
V1, 2rvv2, 22V v3BLIPTr Y 4L ERREEE S 4 HEE, ThE
1 polymerase chain reaction (PCR) T L 72 PCR 21k TaKaRa ExTaq DNA
polymerase (Takara Bio Inc, Japan) % 7z, 0§ L 72 PCR ¥ & MinElute PCR
Purification Kit (Qiagen, Germany) TH# L72D%, ABI PRISM Big Dye Terminator
Cycle Sequencing Kit 8 X 08 ABI PRISM 3100 Genetic Analyzer (Applied Biosystems,
USA) THFA VI V=0 203 v T a7 o720 BERPEFEDLNIZATIEWM A — 2
I YR %EFT7 572,

5) PCR-#IEMTF{EZHE (restriction fragment length polymorphism, RFLP) ##f

77 ALDNADF AL by =0Ty 7T G365R BRIBEEDNLD, NEEEELA
T HBEGEPHEEICTE R Do 72720, & 51T Tagl % T PCR-RFLP 4547 % 17 7% » 7279,
T4 <=L LT, &AL 5-GGATTCCAGCACCTAAACCA-3 (nt 293~312), 7 v F
v AL 5-AAGCCAGAGAACAATGACAAAAAATCAGCACTTACS (A ¥ huar2ic
MBS HEH]) /e 7/ L DNA 288l L LT, TaKaRa ExTag DNA polymerase

(Takara Bio Inc, Japan) %V RDEMTPCR 21774 -7 T4bHH94T 2 min 12KV
T94C 30sec, 60T 30sec, 68T 1min 15sec #3094 7 V477>, #FHI1268TC 10min T
0T L7ze PCR EWYIZX MinElute PCR Purification Kit (Qiagen, Germany) TH# L 72
DY, Tagl (Fermentas Ltd, Lithuania) TiE L L7zo =% / — Vb TR, 1.5% 77
O — A7)V CELIKE) % 1T\ ethidium bromide THef L7z, 72721, BCHE #IZT DX
LA F F&EFB LU BChE 7 3/ B%F 533X T McTiernan 525> T b,

i =

FhiE @ BChE H M RALT TH Y, —F, KR I b IEEHEO TR OMHE
L7z (Table 1)o DN B LU FN ZHMWHETIMWETE L o722%, RETIEWINhD
EWMETH o720 MBS V7 BEBEIKE L 72D BiGMgd £ 7213 08 21774 - 1R,
W% TIE BChE @ 4 Bk % R" T C4 RGNy Fos& Ml s 72205, RIETIELE
Eway ra—VERBED C4/3Y FIABB E R Fig 2),

7 HADNA DY —27 TV ADMER, Fig 3IWRLLH1C, BW#E TBChEII9HFHDO T
IJBTHELINII VDA R CAANTAAWCERLTRIEa FVIZ25 QUIX ER L,
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Table 1. BChE activities in plasma of the propositus and other
family members.

Number Total activity DN FN
(xmol/ml- plasma/hour) (%) (%)
I-1 150 85 74
12 151 84 75
II-1 155 84 76
1I-2 (propositus) BDL N -
III-1 158 84 78
Control 165 83 77

The normal range of BChE activity is 150 ~260 pmol/ml-plasma/hour.
II-2 is the propositus. Other family members are indicated in Fig. 1.
Control represents the individual whose BChE phenotype and genotype
have been confirmed to be normal. Dibucaine number (DN) and fluoride
number (FN) are percentage inhibition of BChE activity by dibucaine and
sodium fluoride, respectively. BDL: below detection limit; —: not determined.

B QI19X
G365R
AS539T (K-variant)

Fig. 1. Pedigree of the propsitus with the silent phenotype for BChE. The arrow indicates
the propositus.
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Fig. 2. Polyacrylamide gel electrophoresis of BChE protein. Plasma of the propositus (II-2)
and other family members were electrophoresed on 8% polyacrylamide gel, and then
transferred onto a nylon membrane. Direction of migration was from left to right.
Control represents the individual whose BChE phenotype and genotype have been
confirmed to be normal. CI, C2, C3 and C4 designate the BChE isozymes present in
plasma. (A) BChE activity staining. The membrane was stained with 2-amino-5-
chlorotoluene diazotate after the incubation with 1l-naphtylacetate. (B) Immunoreactive
BChE protein staining. The membrane was incubated with antihuman BChE rabbit serum
as the first antibody, and then with horse radish peroxidase conjugated swine antirabbit
IgG as the second antibody.
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II-2

-1

(propositus)

A B &

Gl
Glu Phe [Arg] Lys As) Glu Thr Glu

1I-2
(propositus)

Gly Phe [sct;c%] Thr
GGTTT T{g]AAAC T

1I-2
(propositus)

GAGTTT[G}GAAAG GATGAAACAGAA
C

Ala
Gly Phe Gln Thr Glu Phe Gly Lys As) Glu [Thr] Glu
GGTTTTCAAACT I-2 III-1

GAGTTTGGAAAG GATGAA[G]CAGAA

A

Fig. 3.

DNA sequence analysis. (A) The C to T mutation at the codon 119. The propositus
(II-2) is a heterozygote for the Q119X mutation. The individual III-1 shows the
normal nucleotide sequence in this region. (B) The G to C mutation at the codon 365.
The propositus (II-2) is a heterozygote for the G365R mutation. The individual I-2
shows the normal nucleotide sequence in this region. (C) The G to A mutation at the
codon 539. The propositus (II-2) is a homozygote for the A539T mutation. The
individual III-1 is a heterozygote for the A539T mutation.
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Fig. 4.

PCR-RFLP analysis to detect the G365R mutation. PCR products were digested with
Taql, electrophoresed on 15% agarose gel and stained with ethidium bromide. The
G365R mutant allele yields the fragments of 376bp and 800bp by 7Tagl digestion, while
usual allele remained the undigested fragment of 1176bp. Lanel, DNA marker; lane 2,
I-1; lane 3, I-2; lane 4, II-2; lane 5, III-1; lane 6, II-1.

5FHDTIVBRTHAET) DA F Y GCGA XCGAIZERLTIVEF=VIZZE b5 G365R

BERBPRWIES N,

Q119X ZBHE L G365R ZEIZOWTIE, BHE IV AT oEESK

Tholzo ELIIIFEHDOT I VBOTS5=vDaFY GCADP ACAICERL, ALt =V
IZERT 2 AS39T £R (Kvariant) PNRWZEENZ, COERBIREHETIIFEEEETD
5720 EHICT3 FEWREBOILAFEHDOX 7 LA F F AN GIIEDS gl914A > GERY
BRONIZ, ZOERIEGOE ZARFABCHEEOLWEERFIZHEEZ SN TWEY, Z
DMDFIRCTIIER IR SN e d oz, T2, RECOWTIIRB L BF25G365R £, #
BN QUIX EROANTUESERTH o7z, ASOT ZRIIHE, BH, M, BTFTHR
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LI, WIFNIATOESRTH o7, EHIT gl914A > GERIIOWTHH, BFH, i
BIUVETIIWIN AT OEESKRTH -7,

G365R ZEREIZDOWTIX, 7/ ADNA DY —27 vy v 7 CIRBERE SR ERGHIAT B
BAEBR»EWBICTE R o700, Tagl H1EIZ X 5 PCRRFLP 774712 & o THER 21T -
72 (Fig. 4)o 365FEHDZ ) ¥ v Da F ¥ GGA & 1176bp D7 5 7 A » M, G365R £
BYHDHLZORIDOX 7 VAT FT 2EEEY] TCGA 5% Tagl HIFREZ THILS N, 376bp
E800bp D7 T 7 A MIZHIMT S NG, FumdE, #HB L OFAtiE 1176bp, 800bp B L T
376bp DNV FHRR S, G365R DANTHEEETH S I LAHREI NIz, BH L6
1176bp 77 7 A ¥ b O ADKH SN, G365R BRI 2\ &R I,

£ 2=

FEUE L, IM4EH BChE HHEARBBRUT T, BRIKEBZOGEERE L X OhRERE T,
BChE ® 4 B ZRT C4N Y & &y, M2 BChE & ¥ 237 B wH A L
YY) VI AT 5 —FIMIETH 5 & Bbhiz, EETENOKEE, FiiEix QlIIX £R
& G365R BERDZFNZNAT OHEAKT, SHIZASITEREZREICAL TV, T2, X
L BET29G365R & AS39T ZR %, BF LA Q19X & AS39T ZERZWIThb AT
BT AREEERTH -7, Den Dunnen 5VICHEZ I, FEmEOEREIT [Q119X + A539T]
+ [G365R + A539T] LKL TE %,

G365R ZRIT19924F IZHE S NTLBKRY, HATLIZLIERBEINSGERTHY), 2Dk E
BERIIIEALTEREZRE VT A Ly MIRBME 2D, AT OBEERTIRIER TREO
EPENDTOEEMEE 25", F/2, QLIOX ZE T4 & H U G365R ZER L QLI9X %
. compound heterozygote & L T19964E IO THE I NTWEY, Z0D#H QlI9X BHE %
ANTHIIZET BB EESINTVEA, EEEOO0LREOEEMEEZRL TWw5"Y, G365R
ZREQIUIXZRILDICHARIKENTHY, BRTIEINSOERIHES LTV
WO F 7, INHDOERITASTEREEH L TWEILAFLVIEPRESA TS
M, SEOPNTIENEMERL 72 AT Z2HE i Kvariant & LTHISNTEY, HEAAT
AEBEAMIZI008%1C 3 4, ~NT OEAERIZI008 1283084 DEE THEET 5", K-variant @D
REBAERTII0%EE, ~NToBEAKRTL20%EE D BChE iHHOBRTARSNS 2 LAt
MESN TR, ZORED BChE iHH O T2+ o BChE % ¥ /37 BOBHAHRE
ThoT, FEABME, FOEEL X4 BRBEEBICIIHELZVWEZEZLNTVEY, 4
BIMA % 4T 7% o 725843 C, BChE EMEAVR SRR 0id QUI9X R B X 08 G365R ZE )
JFHETHoT, ASITERDEBEBILRVWEEZ LN, T2, COFRRTERB L BT
G365R ZE DT u A, BH LM QLIIX OANTFOHESKRTH 7255, WFh b IEE#
BOTRIBOEHMEZ R Lz ¥4 LY MIRBRZ § 725 TRIZFORREFIMLIY Y22
7TI—EMEEZET 208903, EEEETOREOALLY, E¥FHTH AW ITBEZETFD
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B &%, TOMDOEHMWBERDIEb->TWEHDEEbhi,

BChE D iE ML Tld Ser198, Glud2s 3 X OF Hisd38 ASEE & E 245 A%, Q119X &R
TRIIFHDO T F AL FUICER L 7272012, IROEEHLE2RET A ERNTE
BODEFWSENTH S, F72, Gly365 &= XKITHEED T F VN 25, F iAo S
N7y VR REMBET LI EDNMEESNTWSY, —JF, I+ @ BChE X574 D 7 3
JBHPOHBTTIZy B AEKE LA BEREREELTEDY, Gly365 % 4 AT
SNBEZIEELREHZHS-TWET7 I JETE RV LN SN THASY,, X512 G365R
25 % b2 BChE T, EHMD BChE ICHRTHREZEWIMENZ A ME SR TWEY,
Slal, BRIKEIEZOGM T BChE ® 4 BE%RT CANY FHPBRHEN Lozl tn b,
G365R ZR % b 05 TFId—HAREN L LTH, RNRETHERLHIHME S N5 WK
I S 7z,
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