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Table 1. Genotype designations based on direct sequencing of the gene for human polymorphic NAT2
N-Acetylation NAT2 sequence*

Sample Activity Nucleotide Deduced amino acid(s) Genotype
Liver Pheno- Posi- Tran- Posi- desig-

No. Tissue NATt In vivot type tion sition Codon change tion Substitution Present nation§
1 WBC 8.0/0.95 RR R1Rj
6 Liver (L3) 17.0/0.78 RrO
2 WBC 1.0/0.1 rr 282 C - T TAC - TAT 94 None Tyr/Tyr r2r2

590 G A CGA CAA 197 Arg Gln Gln/Gln
3 Liver (L15) 4.2/0.11 rr 341 To-+ C ATT - ACT 114 Ile Thr Thr/Thr r3r3

481 C -- T CTG TTG 161 None Leu/Leu
803 A-- G AAA -AGA 268 Lys - Arg Arg/Arg

4 Liver (L17) 3.4/0.29 rrs 341 To T/C ATTICATT/ACT 114 Ile Ile/Thr Ile/Thr R1r3
5 WBC 3.5/0.42 Rr 481 C C/T CTG - CTG/TTG 161 None Leu/Leu

803 A A/G AAA AAA/AGA 268 Lys -> Lys/Arg Lys/Arg
7 Liver (L10) 16.4/0.76 RrM 282 C C/T TAC TAC/TAT 94 None Tyr/Tyr r2r3

341 T T/C ATTI- ATT/ACT 114 Ile -. Ile/Thr Ile/Thr
481 C C/T CTG - CTG/TTG 161 None Leu/Leu
590 G G/A CGA - CGA/CAA 197 Arg - Arg/Gln Arg/Gln
803 A - A/G AAA AAA/AGA 268 Lys Lys/Arg Lys/Arg

*Nucleotides, codons, and deduced amino acids preceding the arrows are those present in NA72 from a homozygous rapid acetylator (WBC
sample 1). NA72 from liver L3 (sample 6) was identical to that from WBC sample 1 for the entire 1.0-kb segment sequenced. The mutated
guanine at position 590 (variant r2r2) is part of a CpG dinucleotide and a Taq I restriction site. The sole Kpn I site in NAT2 is obliterated as
a result of the silent mutation at position 481 (variant r3r3).
tShown are Vm. values (in nmol per min per mg of protein) obtained with p-aminobenzoic acid and sulfamethazine as substrates, respectively.
Liver samples from homozygous rapid acetylators gave average Vma,, values of 55.9 and 3.8 with the respective substrate (9).
*The numbers shown are ratios calculated for urinary caffeine metabolites and for N-acetylated to unmetabolized dapsone in serum, respectively
(10).
§These are informal designations. The letters refer to N-acetylation activity: R is for high activity, and r is for low activity. The numbers (1 to
3) were arbitrarily assigned to NA72 and the two allelic variants.
IThe phenotype ascribed to the indicated sample is in disagreement with the genotype ascertained by direct sequencing.

small sample size, lending credence to the concept that the
mutations observed should be prevalent among Caucasians.
On the other hand, a discrepancy was noted between acety-
lator phenotype of three of the samples and genotype ascer-
tained by direct sequencing. Specifically, livers L3 and L10
had intermediate NAT activities that were virtually identical
(Rr phenotype), yet showed genotypes R1Ri and r2r3, respec-
tively. Such a disparity was also evident with liver L17
relative to L15 (Table 1). Inconsistencies of this nature are
not surprising since classification of acetylator phenotype,
determined in vitro or in vivo, relies on assays and drug tests
with several variables (ref. 2, pp. 151-166) and, therefore, is
not necessarily as accurate as genotype designation based on
actual gene sequence. In this connection, Deguchi et al. (20)
have also observed a similar discordance in two subjects with
intermediate activity (phenotyped with isoniazid in vivo),
whose genotype turned out to be homozygous rapid by
restriction fragment length analysis.

Southern blot hybridization with a probe specific to the
cDNAs thought to encode the genetically variant NAT (Fig.
6, lines 1 and 4) disclosed a restriction fragment length
polymorphism involving two Kpn I sites 5.0 and 5.5 kb
downstream from that in the coding region. The NAT gene
with the 5.0-kb Kpn I fragment was derived from WBCs of
slow acetylators phenotyped with isoniazid in vivo and was
detected in 2 of 29 healthy Japanese (20). Caucasian NAf2
variant r3r3 (Fig. 6, line 3) should likewise exhibit restriction
fragment length polymorphism, but the banding pattern
should differ from that seen by Deguchi et al. (20) since the
coding region of mutant r3r3 lacks a Kpn I site. Restriction
fragment length analysis would provide an additional reliable
method for acetylator genotype assessment, as well as an
expedient means of differentiating between Caucasian and
Japanese slow NAT2 variants.
Of the three NAT2 nucleotides that underwent a transition

accompanied by an amino acid change, one was part of a CpG
doublet and a Taq I site (nt 590; Fig. 6, line 1). Methylated

cytosine in vertebrate DNA is present almost exclusively in
CpG dinucleotides (21), which are at least 42 times more
mutable within human coding sequences than is predicted by
random mutation (11). In addition, restriction sites with the
CpG dimer sequence (e.g., Taq I and Msp I) show a higher
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FIG. 5. Hydropathy profile ofthe NAT2 segment spanning amino
acid 114. The hydropathy index according to Kyte and Doolittle (18)
is plotted on the ordinate, and the number of the central amino acid
in the 11-amino acid window averaging employed is shown on the
abscissa. A hydrophobic segment spanning amino acid 114 in NAT2
from homozygous rapid acetylators (vertical lines) is essentially
transformed into a hydrophilic segment in mutant NAT2 with the
Ile-114 -* Thr substitution (horizontal lines). The crosshatched area
is common to both NAT2 proteins.

Proc. Natl. Acad Sci. USA 88 (1991)

Vatsis	  (1991)	  Proc	  Natl	  Acad	  Sci	  U	  S	  A	  88,	  6333	  



Subj.	  Z	  

5	  



6	  

432	  D-‐>E	  

Wild-‐type 	   	   	   	  	  	  	  	  	  	  	  Mutated 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (superimposed)	  



Subj.	  Z	  

7	  



Subj.	  Z	  

8	  


