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Detection of Pyrazinamide Resistance in Mycobacterium
Tuberculosis by Sequencing of pncA Gene

Jee Yoon Hwang, M.D., Kyung Rok Kwak, M.D., Hye Kyung Park, MD.,
Ji Seok Lee, M.D., Sam Seok Park, M.D., Yun Seong Kim, M.D., Jung Yoo Lee, M.D.,
Chul Hun Chang, M.D.*, Min Ki Lee, M.D., and Soon Kew Park, M.D.

Department of Internal Medicine and Clinical Pathology™
College of Medicine ,Pusan National University, Pusan, Korea

Background : Examining the biological susceptibility of Mycobacterium tuberculosis to pyrazinamide (PZA)
i vitro is very difficult as PZA is inactive under normal culture conditions. The biological susceptibility test,
an enzyme assay for Pzase activity, and a genetic test for pncA gene mutations, were performed m order to
predict PZA resistance. ‘

Methods : 28 cultured clinical isolates of Mycobacterium tuberculosis were tested. The biological susceptibility
was performed by the absolute concentration method using Lowenstein-Jensen media. The PZase activity was
tested by means of Wayne’s method. A 710-bp region includes the entire open reading frame of pncA was am-
plified and sequenced. '

Results : All six strains with positive PZase activity exhibited no prcA mutations with one strain showing a
false resistance in the biological susceptibility test. Among the 22 strains with no PZase activity, 21 exhibited
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showed prcA mutations. In the biological susceptibility test, 20 strains were resistant, and one was susceptible,

and the other failed to test. The mutation types varied with ten missense, one silent and one nonsense mutation

1 slipped-strand mispairing, and 6 frameshift mutations. Three strains had an adenine to guanine mutation at

position -11 upstream of the start codon.

Conclusion : The mutation at the prcA promotor region is frequent at -11 upstream position. Automatic se-
quencing of pncA is a useful tool for rapid and accurate detection of PZA resistant M. tuberculosis, and for
demonstrating the epidemiological relatedness of the PZA-resistant M. luberculosis strams. {Tuberculosis and

Respiratory Diseases 2001, 50 : 94-105)
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Table 1. Comparison of the results of three tests to predict susceptibility to PZA in M. {uber-
culosis isolates

Case PZase Resistance Mutation Consistency of
No. Activity to PZA by absolute of pncA' Three Results
concentration method
1 + S - Yes
2 + S - Yes
3 + R - Discrepancy
4 + S - Yes
5 + S - Yes
14 -—+ S - Yes after retest
6 - R + Yes
7 - R + Yes
- R + Yes
9 - R -+ Yes
10 - R (+) Yes
11 - Unknown + Discrepancy
12 - R (+) Yes
13 - R + Yes
15 - S# (+) Discrepancy
16 - R + Yes
17 - R + Yes
18 - R + Yes
19 - R + Yes
20 - R + Yes
21 - R - Discrepancy
22 - R + Yes
23 - R + Yes
24 - R + Yes
25 - R + Yes
26 - R + Yes
27 - R -+ Yes
28 - R + Yes

*Case no. 14 showed negative PZase activity in the initial test, but confirmed to be positive fi-
nally.

%rowth in drug-free Lowenstein-Jensen media of acid pH, but less than in L-J media of neu-
tral pH.

' -, no mutation ; +, mutation ; (+), mutation in the promoter region, not in the open read-
ing frame of pucA.



— J. Y. Hwang, et al —

Table 2. prcA nucleotide and amino acid changes in PZA-resistant M. tuberculosis

Case No. Mutations in Type .of

pncA PZase mutation
C180T Gly60 — Gly Silent
C425T Thr142 — Met Missense
A212G His71 - Arg Missense

17 G395T Gly132 — Val Missense

18 G395T Gly132 — Val Missense

20 T172C Phe58 — Leu Missense

23 c227T Thr76 — Ile Missense

24 T190G Tyr64 — Asp Missense

26 A407G Aspl36 — Gly Missense

27 G41A Cysld — Tyr Missense

28 A403C Thri35 — Pro Missense

22 C421T GIn141 — Termination Nonsense

10 A to G mutation at position 11 Mutation in promotor

12 A to G mutation at position -11 Mutation in promotor

15 A to G mutation at position -11 Mutation in promotor

Nucleotide TCG insertion at position 23 shpped-strand mispairing

7 Nucleotide CT insertion at position 317 Frame shift

13 Nucleotide T insertion at position 393 Frame shift

19 Nucleotide GT insertion at position 393 Frame shift

25 Nucleotide AG insertion at position 382 Frame shift

11 234-bp deletion at position 56 Frame shift

16 Nucleotide GC deletion at position 513 Frame shift
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Fig. 1. Representations of single point mutations associated with the loss of PZase activity in
the 558-bp prcA gene of M. tuberculosis complex members. Above the horizontal bar
indicates the results of the present study ; below, those quoted from the literature (Ref.

10, 31 and 33). Abbreviations
nine ; G, glycine ; H, histidine ;

. A, alanine ; C, cysteine ; D, aspartic acid ; F, phenylala-
I, isoleucine ; K, lysine ; L, leucine ; M, methionine ; N,
asparagine ; P, proline ; Q, glutamine ; R,

arginine ;4S, serine ; T, threonine ; V,

valine ; W, tryptophan ; Y, tyrosine ; Ter, termination codon.
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AG ins @ nt 382
) 4 GTins @nt 393
TCG ins @ nt 23 Tips @ nt 393
234-bp del @ nt 61 GC del @ nt 513
A
1
T ins ébnt 162 & 5% 5%8;5‘ nt518
Cins @n
Cdh% @ 16462 8-5p del @ nt 446
ins @ nt 100 G del @ nt 443
118-bp del @ nt 98 G del @ nt 416
del @ nt 71 :
N R ¢ dzél @ nt 70 ! 3 ins @nt 403
v € @ nt 28 G del @ nt 288‘} Tins @ nt 397
11-bp del at start codon 9-bp ins @ nt 388 & 4 @nt 391

Fig. 2. Representations of the deletions or insertions associated with the loss of PZase activity in
the 558-bp pucA gene of M. tuberculosis complex members. Above the horizontal bar in-
dicates the results of the the present study ; below, those quoted from the literature (Ref.
10, 31 and 33). Abbreviations. del, deletion ; ins, insertion ; nt, nucleotide.
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