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Genetic analysis of N-acetyltransferase polymorphism 

in a Chinese populationI 
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KEY W ORDS N．acetyltransferases；polymor- 

pIlism (genetics)；genotype；Chinese；alleles； 
p01)rIⅨ l马e chain reaction 

A皿u： To  study tIle genetic basis of N． 

acetylatmnsferase polyrno~hism in Chir se． 

M咂．I1日0DS： Genotypes in 120 healthy Ha l 

voiunteeB from 19 provinces of China were 

as yed． The 3 coi21Ifflon mutant alleles(M1． 

M2，M3)and one normal wild．type(WT)allele 
of the N-acetyltransferase (NAT2)genc were 
detected by allele．specific polymetase chain 

rea~；tion technique． RESULTS： The NAT2 

allele frequencies in 120 ChjⅡese(WT=0．625． 

M1=0．0458，M2=0．188，M3=0．142)were 
different(P <0．01)． The NA genotype 
distribution for all detected combinations of NA 

alleles in 120 0linese subjects was consisitent 

with Hardy-Weinberg equilibrium (Y =7．27， 
v=8， 0．7>P>0．5 )． Fifty subjects 
(41．7％) were homozygqus wildtypes． 50 
subjects (41．7％)were heterozv 啪 mutants， 
and 20 subjects (16．7％ )were homozygons 
mutants． 0oN(1IUS10lN： ．Il lower 

frequency ofmutantM1 allele comparedwitIlthat 

ofCaucasians explains tIle low frequency of slow 

aeylators in Chinese． 
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tion”in human is due to mutations in tIle sir e 

coding exon of tIle NAT2 gene．3 m~jor slow 
aeetylator alleles (2 c0Ⅱm∞n in Caucasians．1 
colnlnon in Asians) have independently been 

identified in several human populations
．  

Nueleotide 34IT--*C(1le-* )and 481C—T 
(silent)mutationswere foundtogetIlel"and named 

tIle Ml aⅡele J． Another allele containing be tI1 

the 341 and 481 mutations witIl all additional 

803A— G( s一 )mutation has also been 
identifiedL ， and will be considered as Ml in 

present study． An  allele termed M2 ca耐es 

282C—T(s~lenco)and 590G— A(A嘤一Gln) 
mutations ’ ’ ． The M3 allele contains 2 point 

mutations l2跎C— T(silence)and 857G— A 

(Gly-+Glu)J o J． 11lese discoveries ofmulecu． 
1ar mechanism of NAT2 polymorphism led to tIle 

development of allele-specific pe lymerase chain 

reaction(PCR)and amplification-restrictiontests 
forger 唱[ 

． 

bl Cllina，the proportion of slow ac lators 

repo rted by independ ent studies concerning 

l：hjnese population range from 10 ％ to 4O ％ 

appmxirrrately． Ⅱ s variationmaybe amsultof 

different probe s used in tIlese studies． The 

accuracy of PCR might overcome tIlese 

shortcomingsand give amore eomqdentfrequency 

of slow acetylatorin Cllinese． 

Ⅳ匝I1H0DS 

S~jeets With personal written consent． 
120  unrelated healthyHan volunteers aged 34±s 

12 a(18—67 a)，wei出l1g 6o±s 23 kg． 
participated in the study． All v0lunteeB(M 59． 

F 61)worked in Jinl~ng Hospital and were from 
19 pm~nces of(：hina． The study w踮 approved 

by Ethics Committee at Jinling Hospita1． 
DNA s0删瑚 andi$o~ on Venons blood 

(about 2Ⅱ】L)was collected in heparini~ l cen． 

t~fu# tubes(with edetie acid as antieo_删 ． 
1ant)． Genomic DNA was extracted from 1 mL 
blood by the method reported"r 

． Briefly．the 
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whi伦 and Ted blo0d ceUs were destroyed with 

Triton X-10o．to obtain nuclei of leukocytes． 

Nuclears protein was disassembled wit}1 NaC1魄 

and SDS to liberate DNA．which was extracted 

wit}1 PCI(phenol：chlomfoml：isoamylalcohol， 
25：24：1)． DNA was precipitatedwi山 ethano1． 

Gen0ⅡIic DNA amplification PIimet 7 

and DriⅡ1er 8 amplified the whole NArI2 gene 

(1096 bp)， including the 870 bp coding 
sequence from 日en0mic DNA in 山e first step． 

The amplification of 2．enomjc DNA was carried 

out by PCR in a 5O “L reaction of Tris-HCl 10 

mmol·L一 ，口H 8．3，KC1 50mmol·L一 ，MgCl2 

1．5 mmol·L～ ．each dN1P 0．2 mmol·L_。， 

each mer(p mer 7 and primer 8)0．2 mmol 
·L-。．and Taq DNA polymerase(Sino-American 

Biotechnology Company．Shangh~，China)2．0 
units． qhis mixture was subjected to 7 rain at 
94 oC．followed  by 25 cycles at 94 oC for45 S to 

denature DNA． at 54 oC for 45 S to aElleal 

primers． and at 72 ℃ for 45 s to synthesize 

DNA． A 7．min incubation at 72 oC followed  to 

ensul~ complete extension (PeIlKin-丑mer Model 

9600 DNA ermal Cycle)(Fig 1)． 

Geac mic DNA ．·———一 Bxon l【I I75 bp———+  

Second 

A]lele specific 

■ ●■ 
1． pcR test used for 口 蛔I60n ofm Jh雠 at 341C，590A，and 887A． 1．8．and 15，DNA nltleod~  

mark啉 cpUCmix)． The prmmce ofm 嘣ms hvestigat~ by pairs of 她 that differed缸mulant-semltlve p s： 

2 and 3 c341T／341T)．6 and 7(341T／341C)．9 andl0(481C／481C)．11 and12(481T／481T)．13 and14 c481C／481T)．16 

andl7(80"7G／857G)，18 and19(857A／857A)，20 and 21(857G／857A)． 4 and 5．∞ b0m唧r Bforthis 
棚 叫 加 憷  蛳 缸 this p0pI山 吼 because of1helow Iheq啦ncy of1he 341C mutation． 
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Allele-speeiflc amplificationL The 

resulting 1o96．bD PcR product was subjected 
to allele．specific amplification in 山e second 

step． e presence or absence of山e 341(T 

C)，590(G--*A)and 857(G A)nuc1eotide 
substitutions was det~ted by 3 Dajrs of a1lele． 

specific PCR． 11le primers were difierent for 

each mutation tested ( I 1，Fig 2)：for the 
341T mutation (corresponding to NAT2 haplo． 

types 341C+481T+803G and341C+481T)．a 

pair of primers named M1 WT (Prinler 1)and 
M1 Mut(primer 2)complementary to t}le ld． 
type and 34 1 C seqHences， respectively， 

were separately used in combination with the 

T曲 1． 0li mldeO6dealele '0d巧cIn~ ers usedforNAT2 

gttlOlyl~ ；ulmream primers m I蒯 pI 司 with the 
a 岫 0n d0wD r咖 primer P8 

Upstream 

P1 5 r．CTCCICO ．~ CC,ff 丑5—341 8。2 

P3 5 帆 CG(m 舭∞ 10G 

弭 5 -唧 ĉccI_II】Â C皿 

574—590 553 

574—590 553 

P5 5'-cc cC舵G】 841—857 286 

胛 5’ 

1)owrtmmmm 

5 ·ĉclaDL1TcccÂG盯 

3l一5l l095 

11凹一1】 

341T 

(Wild-B~) 

34lC 

(Mutation，M1) 

(眦  pe) 

瑚 A 

(Ⅶm ．M2) 
857C 

(Wild-~ ) 
脚 A 

l l 0【l， ) 

呲  

加  

Kptl[ TaqJ BgHI BarnH[ 

(Thr1I4】 

n rl14) 

— 一

— — — —  

fGIn 

T 

9n 

(Glu 2116) 

primer 8． The 59OA mutation(corresponding to 

59OA aone and 282T+590A allelic variants)wo8 

detected bv山e pair of primem，M2 WT (primer 

3)and M2 Mut(primer 4)in comb ination with 

山e primer 8． e 857A mutation was detected  

by using prinmrs M3 WT(primer5)and M3 Mut 

(primer 6)in comb ination with山e plimer 8． 

e amplificationf0r山e 3 mutations were carried 

out at the s4nne condition in a 25 uL reaction 

contahfing Tris．HCl 10mmol·L_。．PH8．3，KCl 

50 mmol·L_。，M 々1．5 mmol·L～ each 

dN IP 0．2 mmol·L_。， each priIller 0．5 ／zg 

(upstrewn primers were used p~red with 山e 

common downstream  primer P8)，and Taq DNA 
polyr~ e 1．25 units． rteen cycles of 

am plification were performed (94℃．30 s； 
57℃ ，25 s；72 22，25 s)followed by a 5．min 
eMeus~n at 72 ℃ ． PCR products loaded  

onto a 1．2％ agarose gel eontaiBing ethidium 

bmmide，runat 50V for 20rain．visualizedan d 

photographed under ultraviolet light． e 

presence or absenee of mutatious were iudged by 

the existence of allele-specific amplification band 

(Fig 1)． 一 一 
Calculations 届e distribution of genotypes 

expected assuming a呦 -Weinberg equilibrium 
was c~culated from the allelefrequencies，using 

the equation p2+2pq+2pr+2ps+q2+2qr+ 
2qs+一+2rs+ ，where PisM1，qisM2，ris 

M3 and s is WT． corresponding to the 10 

possible NAT genotypes． The Y test wo8 used 

tocomparethe observed genotypeincidence (O)n 

t}l the expected genotypo incidence (E) 

c~culated above using the equation =∑( 一 

) ／ ． e number of possible genotypes 

(n) was 10，and the number of degrees of 
freedom (v)was defmed as one less th．龃 the 
vlum~ of genotypesfoun d． 

RESI】l S 

All the 3 mutatious (341C，59OA．857A) 
were detected with PCR assay in the population 

studied． The frequ encies of distinet mutant 

allelesandtheNAT2 genotypedistributionf0r all 

detected comb inations of N r2 alleles in 12O 

Chinese subjects were smnmarized in 2．and 
was consistent with Hardy-Weinberg equilibrium  

( =7．27，v=8，0．7>P >0．5)． Fifty 

subjects(41．7％)were homo~'gous wildtypes． 
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50 subjects(41．7％)were heterozygous and 20 
subjects(16．7％)were homozygous mutants． 
All homozygous wildtype and hetemzygcos 

subjectswere classified as rapid acetylatom． All 
homozygous mutants were slow acetyhm~． 

Tab 2． Observed叫 日 0dedtrmum~~ ofNAT／． ．岫 

theChi嘣 e p( Ⅱl蛳  

Mutation 341C rarely occurredwithout 481T 

an d 803G，so the 341C mutation is sufficient for 

detecting the slow acetylator alleles previou v 

designated Ml L“j． Mutation 590A was found 

with mutation 282T 94％ 0f the time 11 J． 

Mutation 282T was also found alone，but it did 

not oaufie slow acetylafion in COS cells oJ． Thus 

590A is the more suitable mutation for detec~ag 

the M2 allele(2821l／590A)． A recent study in 
844 CaucasianL12 revealed that if de~ ting 

481T，590A，and 857T，5．7 ％ rare mutation 

alleles could not be detected， while detecting 

341C，590A，and 857T instead，only 1．7 ％ 

would be disregarded． So ol33- detection is 

sufficient to detect the slow mu tations in 

Chinese． 

Our genotyping procedure is based on 

previous elucidation of NAT2 DlNA seqlielloe of 

wild-type an d three mutated geneL ． Tb 

enhance specificity． PCR．directed 

preamplifieation of the whole NA12 gene has 

been introduced． thus circumventing false 

amplification ofIliP y homozygous NAT1 and of 

a NAT pseu~ ne． Conditiom for each PCR 
assay were optimized and DNA marker w酗 used 

to avoid false negative or positive signals． 

Lowfrequency of slow ace~htor genotypein 

the Chinese population (16．7 ％ )COIlforms to 
findings among Asians：27％ of slow acetylators 

have be en genotyped by testing mutations 

among 70 Chinesefrom Hong Kong J and 2O ％ 

among 84 Chinese male from Shanghai an d 

Tianjin ． In Japanese，the
，

f requency is much 

low，8％ amo雌 51 Japanese and 7％ among 

145 Japanese J． 1 s study confirmed that low 

frequency of slow acetylator in the Far East 

population was mu irdy due to the decreased 

~revalence of M1 alldes again． In the Chinese 

population，not as i1"1 other white subjects，the 
maj 押 0f NAT2 alleles composed of WT， 
M2．M3． 

Genetic variati0ns in drug-metabolizing 

ei1z~ havebe en showntocolTelate with riskof 

toxicity or eaneer ． Noninvasive genotyping 

methods represent a potentially powerful tool for 

these epidemiology studies， because large 

populations can  be  rapidly ~reerled  for specific 

genotylms by PCR methods and minute amounts 

0f DNA collected from dried blood spots． 

hairbulbs or sections from paraffin-embedded  

tissues callbe used． 

REFERENCES 
l Nebea DM． McKimatm lea．， PL A． Hmman dIl曾  

melaboli~ng emyme咖 ∞ 8lr日：effects 0Il risk of toxicity 
and C[tlp~er DNA Cell Bi0l 1996：15：273—80． 

2 Blunt M， Grant DM ，Mel~de W ，Helm M， Meyex UA 

Huma~ arylamine N-acetylmmsfera~ genes： iselafion， 

chromot~mal loealiz~ on，and functional expres~sion 

DNA Cell Bi0l1990：9：193—204 

3 Blum M，n~ elq-c A，Grant DM，Helm M。M r UA 

Melecular mechanimn of el acetylation of dn】凸 and 

cmcinagens in humans． 

ProcNail Acad Sci USA1991：88：5237～41． 

4 BeⅡDA，T 0r JA，Blltler MA，Stephens EA，Wiest J， 

BruhRk~a"LH，群 Gen0t) pl】e咖 d~cmdancefor 
human atylamineN-acetyltransferase(NAT2)reveals a new 

elow-acetylator allele c皿 rr吼linMfican-Ameficam ． 

Cardnogenesis 1993：14：1689—92． 

5 Vatsis KP．Martell KJ．WeberWW ． Diverse point mula- 

lions in the human gene for polymtrep~c 己̂acetylmmsfera~ ． 

Proc Nail AcBd Sci UsA 1991；88：6333～7． 

6 Deguchi T． Se len0∞ and exl：a'~．．sion of alleles of 

polymml~ c arylamineN-acetylmmsferaseof human li~,ex． 

J Biol Chem 1992；267：181加 一7 

7 ZhaoQ，Fang G，WangYM． A simple，,acdmethodfor 

isolationof DN from bl~xt and15ssue． 

ChemistryI正 1994；14(4)：26—7． 

8 Maash／mo M， Suzaki T， ILbe M．Degucki T． Molecular 

g~otr~,g of N-aeetylation polymoaahism to pIec陆  

d1 e． Hum Genet 1992；90：139—43． 

9 Olammra K，Kila T， kazawa S，Komada F．1wakawa S， 

Tanigawara Y I“y of N-~ tylafion oolymo~ asm 
and can'elation th Dnx目inan de加e岫b i8【n 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


BIBIAD：1SSN 0253-9756 Acre Ph 册Simea 中国药理学报 1998 ；19(4) ·351 

Clin Phanmeol1"her1997．61：509—17． 

10 Rothman N， Hayes RB， Bi耵 ， c日p0m o N， Broly F， 

W~sley RL．薛 ． Correlation b een N-acetvltransfera．,e 

activity aad NAT2 genotype in Chinese males． 

PI珀ⅡⅢ q c8 1993；3：250—5． 

11 LinHJ，Ha n cY， IlK，H 由 S． 

aeetylator mutafioaas in the human polymo~hic 乙̂ 

∞ bmn le珀∞ gene in 786 Asians，Blacks，Hisparncs，and 

WIlit鼯：applicatic~ tometabolic epide,r~．ology． 

Am JHum Genet1993；52：827—34． 

12 CaseorbiI，1)rakoul~N，BmckmoUer J，MBIII~IrA，spdi 

K， Roccm 1 r̂yl岫ine N-ace／yliransfera．,e (KAT2) 

吼  。 aad their alielic lirlk in unrelated C~casian 

individuals：cotrdatitm with phenatypie aai~ty． 

Am  JHum  Genet1995；57：581—92． (I2 

1 1一 f 0  

中国人群 Ⅳ．乙酰转移酶多态性的基因分析 

崖熊 ， ，刘志海 ，曹 文，郭联庆， 

卓海通，凌树森，陈亚利 ，赵 权 ，王卫萍 ， 

李芳奉 (金陵医院临床药理科， 分子生物学实验室 

南京 210002，中国) 

关键词 盐 堕堑堑 ；垒查丝(遗传学)； 
基因型；中国人；等位基因；聚合酶链反应 

目的：研究中国人群 乙酰转移酶(NAT2)多态性 

的基因基础． 方法：对 120名汉族健康志愿者进 

行基因型分析 ． NAT2基因型的检测应用等位基 

因 PCR技术 ． 结果：NAT2基因的野生型及 M1， 

M2，M3突变等位基因在 120人 中的发生率 (WT= 

0．625，M1=0．0458．M2=0．188，M3=0．142)存在 

显著差异(P<0．01)，由它们组合而成 的各种基因 

型在人群中的分布符合 Hardy-Weinberg平衡(x = 

7．27，v=8，0．7>P>0．5)． 经过基因型分析可 

将受试者分为野生型纯台子、杂台子及突变纯台 

子 ，其 比例为 50：50：20． 结论：与高加索人比较， 

中国人的 M1突变基因的发生率较低 ，说明了中国 

人慢乙酰化者比例较低的原因． 
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Effects of vitamin C on myocardial mitochondrial function 

and ATP content in hypoxic rats 

LUO Gallgl，XIE Zeng-丑uJ2，LIU Fu．Yu，ZHANG Guo．Bin 
(Ins~ute of魄  Altitude Medicine， Mitlt,~yMedical University，C~ qmg 4O0O38，Ch／na) 

KEY W ORDS ascorbic acid；anoxia； heart 

mitochondria； adenosine triphosphate； blocd 

flow velocity； blood gas analysis； blood 

pressui~； membrane fluidity； Na ·K - 

exchanging ATPase；myocardium 

AIM ：To observe the effects of lar e dose of 

vitamin C ( )on myocardlal mltochondrial 

function，ATP content，and myocardlal structure 

in acute and chronic hypo~c rats． 

M ETHODS：Rats were exposed to a sirmdated 

alfitude 4OOO m (barometric Dn lure=43 kPa) 

for 3 and 30 d． (O．75 g·妇 ·dI1)was 
iniected ip． The hean mitochondrial respiratory 

fun~on were detemained by Clark—type O2 

Nowila r删 矿 扎” ．D咖 胁 c 0 ·一卵 400012 
China 
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electrode； mitochondrial me mb rane fluidity 

(瑚 1) were assayed tt~．gh fluo~ nee 
polarizative method；the contents ofATP．ADP． 

and AMP in myocardial tissue were measured 

witIl HPLC． REs1】1 【s：After admiuistration 

0fVo．the A1P contentwasincreasedfrom 35± 

3mg。gI1 to 53±3 mg。g一 in acute hypoxic 

rats(P<0．01)，from 42±4mg·g一 to 48±3 

mg。gI1 in chronic hypoxic rats(P<0．01)； 
P 0 wasincreasedfrom 7．2±1．4 kPato9．5± 

1．2 kpa in acute hypoxic rats (P <0．01)； 

mitoehondrial respiratory control rate(RCR)was 
increased from 2．1±0．6 to 4．7±0．5 in acute 

hypoxic rats(P<0．O1)，andfrom 3．3±0．7 to 

4。5±0．6 in chronic hypoxlc rats(P<0．01)； 
MMF wasincreased in acute an d chronic h~voxic 

rats(P <0．05)；the degree 0f my ocardial 

ilecrosis in vitamin C preventive rats was 

attenuated as compared with those of acute 
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