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SUMMARY

Fourteen individuals with low serum cholinesterase activity were examined by genetic analysis.
All of these were considered to be due to silent gene because their dibucaine number and fluoride
number were similar to reference values. PCR-SSCP analysis and following direct DNA sequenc-
ing analysis disclosed five missense or nonsense mutations in 11 individuals: 2 individuals with
C to T mutation at codon 24 (Thr to Met), 2 individuals with G to C mutation at codon 365
(Gly to Arg), 3 individuals with T to A mutation at codon 330 (Leu to Ile), 1 individual with
C to T mutation at codon 119 (Gln to stop) and 3 individuals with C to T mutation at codon
515 (Arg to Cys). For K variant, 3 homozygous individuals and 8 heterozygous individuals
were determined. All of 14 individuals with low serum cholinesterase activity revealed genetic
mutation in cholinesterase gene. Therefore, we should be aware of the existence of genetic mu-
tations causing hypocholinesterasemia in laboratory diagnosis.
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W&RE LUHE

1) EREEZHY 2 —DOAMF v 2 ZREOHD
5 CHE 7#E#E 0.6 4pH DT (EEBMBE: 0.8~1.2)
ZRU7T 14 §ix(% CHE IfE & U T4 EOFEDE
&Lt

2) REBOMNT (EIZHHR)

AT F YT A ) vEREEEL LRI ED
CHE 7EHRIERIEA H», HIL 736 AL H B
THIEL. ¥, avfb7eetr=nrsza) v (Al
drich) Z##E &L T?, CHE E#BLUF4+ 7 H4 v
(Sigma), 7 »vfbv —& (BH{LEE) KB EFR, 7
ZbBF 4 7 4 vF v,3— (dibucaine number ; DN),
7% 54 FF vs3— (fluoride number ; FN) # B &
CL-7200 HALZHBESTHA RO CHlE, FHL ..

3) BB DN

BAEF SO EDTA RilD21n0: 5 545 F DNA %58
ZL, UTbhbNDEELTHE7a—F +— M2 L
VAT EEDT.. CHE #ET#LD>OKRELT
PCR gL %" (Table 1), \W§°1od DNA W IcER
BEET 0%, bbhORE L -2HEELKEE
B77AMRFAL (Trv=yT) #HVTHRERT
#MH 9 % single strand conformation polymorphism
(SSCP) Bl kW27 ) —=v /L1, ZER DN

7ol DIEEFSIARE L T2, AL HLEBEFERKC
DWW, HEREEEESR, L. ¥, CHE jEik
PETT2EINPEEEESE, KNYT7V ) (kv
539, GCA (Ala)—»ACA (Thr))™ 2\ T, CHE &
fEFxs v 40 SSCP BXUI X~ v F PCR? G
L.

4) SSCP ST DEEMIC L 2 BEETEEZDOKRE

WAL FoBIEFERD SSCP /¥4 — v igDIT, 12.5
% homogeneous gel % LT native, SDS &F (T
SDS) @Yy 7 7 =54, EHRE (5% 10°% 15° 20°C)
ZELZEY, BrORETHREL 2.

& £

AREME L7 14 ADE CHE [MFEHI3 R HRE DR
ic& b, 3% (case no. 1, 9, 14) T DN B XS
FN 80T ZRERICHD, 3HbbLTHICEET
HBICTETAR - FRONT ngEESRERTT—LT
1Z7r -7z (Table 2). L7cdsi-7T, AZLEEF, F&E
BEFOBESRTENTHY, SE (~NToEgEsSK)
LR RK»~Y 7v b E @ CHE EHET 2RI EET
DEEEsEbLNT:.

HLDNONORER LT 7 X Y X T L% H SSCP
1T, native, SDS D/ 7 » —&MHETEA L IoEE,
xR, 2 — v d e (Fig 1). 4EKES

Table 1. Primer sequences used for amplification of cholinesterase gene.

. Nucleotide
Primer location?®

Sequence (5’ to3’)

Amplified
region®

AP3" —145 to —124 TAATATGCTATATGCAGAAGGC

c2-1 106 to 127 ATCGAAGTCTACCAAGAGGTGG

M-6¢ —6 to 15 ACATACTGAAGATGACATCATA

M-115¢ 366 to 345 TGTTCCAGTTTGAAAACCACCA

C2-2 284 to 306 TAAATGTATGGATTCCAGCACC

C2-4 607 to 586 AAGCTGCTCCTGCACTTTCTCC

C2-3 514 to 535 CAGTTGGCTCTTCAGTGGGTTC

C2-5 823 to 802 TCAGAAGAATTTCTTGGGGATC

M-243¢ 706 to 727 CTTTATGAAGCTAGGAACAGAA

C2-7 991 to 970 CTAAAAAAGCTGTCCCTTCATC

C2-6 910 to 931 GACATATTACTTGAACTTGGAC

C2-9 1248 to 1227 GGCATTATTTCCCCATTCTGAG

C2-8 1188 to 1209 TAATTTCATATGCCCTGCCTTG

AP4’ 1480 to 1457 ACGGATCAAACCAAGCCAGAGAAC

AP11f  Intron 2

AP12f  Intron 3

A PS5t Intron 3 CGAAATTATTTTTCAGTTAATGAAACAGATAAAAATTT
AP6T 1797 to 1759 GTGTAAAAAAGCTCCTGATATTTTTGCCTTGATCTAAAG

GCTCTGTGAACAGTGTTAGAAAACAATATTCTTTTTAATC
CCGTGCCTTGGAGAGTATACTTCATCCCTTTTTTACATAACC

exon 2, locus1
exon 2, locus 2
exon 2, locus 3

exon 2, locus 4

exon 2, locus 6
exon 2, locus 7
exon 3

)
)
)
)
Jeson louss
)
)
)
)

exon 4

" a : Position +1 is the first nucleotide of codon sequence for the mature protein.
b : Locus numbers are tentatively designed for separate amplification.

c,d, e:

The three primers are designed for mismatched PCR to detect previously identified point mutations.

f : The four primers are already published (reference no. 7).
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Table 2. Summary of the phenotypic and genotypic properties of the subjects.

Case CHE (4pH) DN (%) FN (%) K-variant Other mutation*

1 0.51 82.4 75.7 nor/var 330 TTA (Leu)—ATA (Ile)
2 0.52 83.8 78.5 var/var 119 CAA (Gln)—»TAA (Ter)
3 0.52 84.4 78.8 nor/var 24 ACG (Thr)—>ATG (Met)
4 0.47 84.1 78.9 nor/nor 515 CGT (Arg)—»TGT (Cys)
5 0.54 84.9 79.3 nor/var not detected
6 0.46 84.2 78.3 nor/var 365 GGA (Gly)—»CGA (Arg)
7 0. 49 83.8 78.4 norfvar 515 CGT (Arg)—>TGT (Cys)
8 0. 47 84.1 78.4 nor/nor 24 ACG(Thr)»ATG(Met)
9 0.56 82.2 75.3 nor/var 330 TTA (Leu)—»ATA (Ile)

10 0.48 nd nd nor/var not detected

11 0.46 83.7 79.0 var/var 515 CGT (Arg)—»TGT (Cys)

12 0.59 84.2 79.2 var/var not detected

13 0. 44 84.5 79.4 nor/fvar 365 GGA (Gly)»CGA (Arg)

14 0. 58 83.5 76.2 nor/nor 330 TTA (Leu)—»ATA (Ile)

Reference values

0.80~1.20 83.4~86.0 77.9~79.8

* Other mutation means genomic mutation other than the K-variant.

result in hypocholinesterasemia (putative silent gene).

2 —VICEBERULERDS D, =7V v 20u—%H
2 1, 3, 6 1% native DIFHIBRHBLPTNEELLN,
TV v2Pu—HAR2 4, =413 SDS, =7V
v 312 native, SDS & bICRAZICHBITE/. Thb
SSCP BT TEEDH L NIEROHT, RAMDENIC
RUERELEZONICER 1, 9, 14 dv—Hh X6, JE
Bl 6, 13 Do—H=26 (Fig. 1D), FEF 3, 8 dr—%
2 1, 2 (Fig. 1 A, B) it DWW TR EBEERFIREZTT
Sfc. ERARETIRRZ VY, WL THITL TV
SRZEED R EHEAERTHREINICBETEREYERD
EH SSCP /¥4 — v ARUIER 2 Do —4 = 3 (Fig.
1C), #E#) 4, 7, 11 oz s v v 3 (Fig. 1E) ic2W\ T
2, BERREEREEERL K.

EFEERIREL fc SEOEREIL, ThZhES
3DaFv 24 TChET, EFH6Da K 366 TGH
5C, EH1Dary 330 TTHLADI 2tV RER
TH5C AL (Fig. 2).

ARBREINII X &Y ABEOEE I FREEORE
Flz Fig. 3 Ic;_RL7z. aFv 24 DC»5G, a2 FV
119 oCH»5T, aFY 365 OGHSC, 2 Fv 515
OCHhHE TOABBOEERICDOVTIE, WIhdEh
Z0 NlaWl, MseI, Taql, BsaATl &\ EIEEESR
DOWHEFNCEAE TS 72 », PCR HiEEY A HIR
BRER, TH e -2 VESKEAE TS LI
THEFRETH -7, —F, 2 F¥ 330 DTHSA, o
FY B39 DG A (KNYT V) ~NDEERICOD
TREYBHREREITRI N TN D,

IxX=Ty

These mutations were suggested to

F PCR IC & » CTHIREBRBHIPAAZEAL BB TH
=2 VESEKENC I VEEL .

Kov) 7 M2 T, PCR-SSCP B LU 2= v F
PCR CHHHLIc & T A, REBESEKNIA, ~ToEs
B8N, EEMNIAEVIWRRTH-. KN 7Yy
FPADI 2 v 2B LU F v v REREIZE 5B,
11 B RV N7z (Table 2). 2 F v 24 52 4,
IRV 11914, 2 F 330 34, 2 Fv 365 35
241, a ¥ Bl B3PITH-7z. BHDIFINTH
HERNY TV bOANF oSk, cTEAKATH-7-
2, ZNUSADOBEFEEIHBL b7z,

CHE BE{ZFODEZEED SSCP /¢4 — i3, LDH @
BEEFEETHRIT L X 21T, native, SDS /3y 7 »
=&, BREEEL, ThThoZERchIEOZES
HEDSEIL - T (Table 3, Fig. 4). % 3 kBRI,
LDH THET U 7-f5R & Fk, BETRHERNEL, &<
IZ native TiZ, 5°C, 10°C T/¥% — v DEBOEEH
KEWEEDNT. SDS TiIMIEEIL 100C THH KX
Mo, TNTENOERICKL HYkE 42 — v DELR
B4 EIZ->THY, =T NBLO ERWETER
Dotz BERCE-THAOBEESFETIES LE
X NIz (native TD R 4650 758).

z =

CHE 0@EEZMHEEDI DB, BEITICA?, F19,
S-18 19 K20 pEERBEFSREINTONS. K
WEoOEE L 14 flo g CHE mEIZ, WInd
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Fig. 1. Abnormal patterns analyzed by PCR-
SSCP.

Nine fragments of the CHE gene were amplified
from total genomic DNA of 14 cases with low CHE
activity. One microliter of amplified products was
denatured, electrophoresed in 12.59 homogeneous
gel, by using native or SDS-contained buffer con-
dition, and detected by silver staining. Abnormal
bands are marked by triangles (Panel D; Since two
abnomal patterns were observed in locus 6 of exon
2, open triangle and closed triangle are used to
differentiate the two abnormal patterns. Lane num-
bers are the same as case numbers in Table 2.

0 means normal individual.

A. Locus 1 of exon 2 (native), B. Locus 2 of exon
2 (SDS), C. Locus 3 of exon 2 (native), D. Locus 6
of exon 2 (native), E. exon 3 (native), F. exon 4
(SDS).

DN, FN BRIEHETH 2D SHELEZTH» I, K, H
D& 575 CHE EHA KT I ¢ 3 LR BETFOEENZE
Zbhic. %7z, DN, FN 28h ¢ hIcEfA R L 72 3 4
GEHI 1, 9, 14) SERMICI RO R BIET OB G

26 Thr
Val
24 Thr
Gly
22 Gly

363

365

367

332 Tyr
Val
330 Leu
Phe
3287A1a cC //_ﬁ'*

Fig. 2. Sequencing analysis of the CHE gene.
A. Locus 2 of exon 2 from case 3. Heterozygous
missense mutation at codon 24 (ACG to ATG;
T 24 M). B. Locus 6 of exon 2 from case 6. Hetero-
zygous missense mutation at codon 365 (GGA to
CGA; G365R). C. Locus 6 of exon 2 from case 1.
Heterozygous missense mutation at codon 330 (TTA
to ATA; L 330I). Circles and triangles show the
mutation position. Closed triangle shows normal
sequence and open triangle shows mutant se-
quence.

EBZONDD, BEFRITOKE, WIFNsRELary
330 DIREVRERTH-1. bbb, 20Xk
VAERIERAETIE 50T, DN,FN it
DIEDPTRDEMBEELEZ IR ENI, Ko
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Fig. 3. Simple identification method (agarose gel electrophoresis after restriction endonuclease
digestion with or without mismatched PCR).

ONOE

104

Numbers in the figures are fragment length (bp). Upper alphabets of each panel mean as follows:
N, E and O are normal, heterozygote and homozygote, respectively.

A. Identification of the missense mutation from ACG to ATG at codon 24 by N/a III (recognition
site: CATG) digestion of locus 2 of the exon 2. For normal sequence (CACG), amplified locus 2
(377 bp) was digested by Nia III to 242bp and 135bp. For mutant sequence (CATG), 242bp was
moreover digested to 160 bp and 82bp. B. Identification of the nonsense mutation from CAA to
TAA at codon 119 by Mse I (recognition site: TTAA) digestion of locus 3 of the exon 2. Amplified
locus 3 (324 bp) was digested by MseI to 252bp and 72bp for mutant sequence (TTAA). C. Iden-
tification of the missense mutation from GGA to CGA at codon 365by Tagq I (recognition site:

TCGA) digestion of locus 6 of the exon 2. Amplified locus 6 (339 bp) was digested by Tag I to 184
bp and 155 bp for mutant sequence (TCGA). D. Identification of the missense mutation from CGT
to TGT at codon 515 by Bsa Al (recognition site: PyACGTPu) digestion of the exon 3. Amplified
exon 3 (336 bp) was digested by Bsa Al to 197 bp and 139 bp for normal sequence (TACGTG).

E. Identification of the missense mutation from TTA to ATA at codon 330 by Mse I digestion after
mismatched PCR. Amplified DNA by mismatched PCR (98 bp) was digested by Mse 1 to 47 bp, 27 bp
and 27 bp for mutant sequence (ATAA), while for normal sequence (TTAA) 47bp was moreover
digested to 26 bp and 21 bp. When mutant allele was present, 47 bp band was remained. F. Iden-
tification of the missense mutation from GCA to ACA at codon 539 by Alu I digestion after
mismatched PCR. Amplified DNA by mismatched PCR (104 bp) was digested by Alu I to 84 bp and
20 bp for normal sequence (AGCT), while for mutant sequence (AACT) 104 bp was not digested.

Table 3. Effect of electrophoretic temperature on detection sensitivity of genetic mutations.

205

Native SDS
Mutation Gene, Exon
5°C  10°C 15°C 20°C 5°C 10°C 15°C 20°C

T 24M (ACG—ATG) CHEZ2-1(271bp) + 4 } + — = —
T 24M (ACG—ATG) CHE2-2(377bp) + + + . + + 4 +
13301 (TTA—ATA) CHE2-6(339bp) + + — — + + — —
G365R (GGA—CGA) CHEZ2-6(339bp) + + + — + + — -
T250P (ACT—-CCT) CHE2-4(31lbp) — — + — + + + +
F418S (TTC—-TCC) CHE 2-7 (293 bp)  + + + + + + + +
R4650 (AGA—TGA) CHE 2-7 (293 bp) - — - — & S + +
R515C (CGT—-TGT) CHE 3 (336 bp) + + + — = e + +

Detection numbers 6 6 6 2 6 7 5 5

+ : means detectable mutation.
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normal
CHE2-1 | T 24M hetero
normal

‘normal
CHE2-2 | T 24M hetero

noraal

L3301 hetero

norsal 5
G365R hetero
normal
G365R homo
normal

CRE2-6

normal
CHE2-4 | T250P hetero

normal

F418S hetero

R4650 hetero
CRE2-7 | normal

F418S hetero

ormal

RS15C homo
CHE3 RS515C hetero

normal

SDS

NATIVE

Fig. 4. Effect of different temperature and different buffer conditions on SSCP pattern.

PCR products with each type of point mutations were subjected to SSCP analysis using 12.5%
homogeneous gel, and SDS-contained or native buffer condition The left lanes indicate ampli-
fied fragments (for example, CHE 2-1 means cholinesterase gene exon 2, locus 1). Electrophoretic
temperature was set to 5, 10, 15 or 20°C by Phast System programming. Anode is to the right.

V7Y PREFROEZENLE, TNV Ty rRELN
9, HERF WS TR TV, AREESNSE
BOSZEERSHH LA RZNICHET ZEETFEELZS
ns. lcbhbhid, ¥TL TRITEED TS SH
& CHE MJED+ EHAEFI ORI, SREIEE STk
5fEDSbH, 3 Fv 365 515, 119 O 3EDOHLEAR
WELTWS, ZD5b, SEEEFELT2 FY 365
DI Rk Y RERD, ABOMIEELS bREINLTH
3120 ARMEHBIC RO INTGERTFEED
9B, a—HR1Da Vv 24 OER, n—hHRX60D2
K 330, 365 DER, =/ v 3Da F¥ 515 DER
DWW, Z DIEA LBt f@e ikl Fu T SSCP i
HBLLARHBFEREELETRELICECA, aF 241324
A0 A, =¥ 330, 365 Tl 48 A0 A, 3 F¥
5156 Tl 561 Afhl1 AD~TF oEAKRBED NI, 1
—RWEIN Lo~ T nEsko CHE jE#:1Z 0. 74
LIBETHY, ZOBETFEREGT 5HDHKRIE
EHTHEEEION. ChohOAERZELELI R
VR, BIUOF Vv AERIIELZELETEZEHTE
wl, SHBEETIKEITRbDEELZONSG. 115,
Noguiera 5'® OEL e SHOFREEF (7 v—=»
V7 POER) BROEINED - T,

S5EOT I/ BERARCTEAERI, Z205bD4
EOHIREERAHIIICEE A RIZ L /o, HHICH
EMAREL T -7z, a F v 330 DI RV RERZON

Th I A%y F PCR IC &V HIREEFRRS 2 BA S
BT ENTE, PROGFEICEENTREEN 7. Th
5 DORIEHEIC & >T, SSCP A THIIOMKE/ ¢4 — v~
ZRUIGERIZ TN CTRUERTH S AL 2D T,
SSCP i D& TR/RIZFEROHEENSBBLUNTHETH
prEZONI. ZLT, ZROMEDIDICHORAK
RICHBER L LBISREEIERTH S LEZ SNk,

SSCP mpk#igi3, 3 Tlc LDH BEFERTHHK
S L7, CHE R FIC B80T b—DDWkEIZRMD
HATHREOHFRAER Y ) —=v /45 L3ERTH S
EEZ S, native TR LT {Wi#IE TR, SDS
THRELUICS WBEETFEEBZNENELET 5729, ¥k
gk LT, SDS /25—, native @ 5~15C 75
—DEBERTILOBBVEZEZL SN,

{& CHE I 14 Flicksd 3K 7 v b O,
SBIZTFAETAMEKELT 79%, BEFEMELT 50
%BTH-1c. bhrbhdsYbfEE2EaEhC X - THRE
U fe—rI s EEFEE T A MKk E LT 32.9%,
BIZFREMELT 17.5% THAHDOT?, KN) 7y b
DFEEIIME CHE IYEE U GERL L BOPTIRERK
Ehote, 1, KN 7 v b OEREZBIIERRERE
[y, CHE fEHEDSHT 20% (B2, DX, Koy
7Y t4 CHE EHETO—RTHS EEL 5N,

ARGERE TR AT U 48D 5 B, 114 (79%)
I RV RER, bLAEF VeV RAEEBRVER
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