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PncA Coding Capacity Analysis 
To investigate mechanistically how HRZE therapy may be altering the microbiome, we reasoned 

that coding capacity for the gene that is known to activate pyrazinamide, PncA, may indicate the 

degree of perturbation one’s microbiome would experience upon HRZE exposure. To search for 

PncA orthologs, we used the Ortholuge Database 

(http://www.pathogenomics.sfu.ca/ortholugedb/), an online resource that is able to provide a list 

of orthologous genes for a given input sequence for both Bacteria and Archaea 1. The 

advantage of using a database like this is that it utilizes reciprocal BLAST, which ensures that 

all of the genes in the output are true orthologs of the input gene. Reciprocal BLAST first uses 

standard BLASTp to obtain protein homologs, and then takes the top hit of the BLASTp output 

and re-performs BLAST against the reference genome. Only if the top hit of this second step is 

the input sequence does the program consider the two sequences orthologous—a standard 

generally accepted by biologists 2, 3. The Ortholuge Database output is a list of protein-coding 

gene sequences of all true orthologs of PncA. We then obtained the nucleotide sequences 

using the NIH command line E-Utilities and E-Direct programs 

(http://www.ncbi.nlm.nih.gov/books/NBK179288/), designed for high-throughput queries 4. Using 

a custom BASH script to automatically take the ortholog output from the reciprocal BLAST as 

input into the esearch and efetch commands in EDirect, we obtained a fasta file of all protein 

coding true orthologs of PncA.  

 

Next, we used shortBRED to find a unique set of PncA markers to which metagenomic reads 

could be mapped. This software relies on k-mer based identification of protein families from the 

input PncA sequence. We used shortbred_identify.py to cluster the PncA orthologs from all 

Bacteria and Archaea into families and identify k-mers, then used shortbred_quantiy.py to map 

metagenomic reads from the Haitian metagenomic samples to the PncA k-mer database.  

 

The output was quantified using Prism 7 and is shown in Supplementary Figure S2. We were 

unable to detect any statistically significant difference in the coding capacity of the microbiomes 

of relevant cohorts in our study. This indicates that the microbiome coding capacity for PncA for 

each cohort is comparable. We thus conclude that perturbations induced by pyrazinamide, while 

possibly caused by the production of pyrazinoic acid, may also have other as yet undescribed 

mechanisms. 

 

 



How the Actinobacteria Phylum is affected pre, during, and post treatment 
Given the difficulty in predicting the effects of HRZE treatment specifically on the Actinobacteria 

Phylum, to which Mtb is a member, we plotted the relative abundance of the microbiota using 

16S microbiome rDNA sequencing in our patient cohorts with LTBI, patients on HRZE 

treatment, and cured patients from this study. The results are presented in Supplementary 

Figure S3.  
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Supplementary Figure S1 
Mechanism of action and chemical 
structures of HRZE drugs and 
their described active products. 
Isoniazid (H) is a prodrug, which 

requires the mycobacterial protein 

KatG (Rv1908c) for ligation with 

NAD+, the product of which is the 

active drug that inhibits enoyl-acyl 

carrier protein reductase InhA, 

inhibiting fatty acid biosynthesis. 

Pyrazinamide (Z) is activated by the 

mycobacterial enzyme PncA to 

pyrazinoic acid. Ethambutol (E) 

targets arabinogalactan biosynthesis, 

and Rifampicin (R) inhibits 

Mycobacterial DNA-dependent RNA 

polymerase through binding to the β-

subunit of the enzyme.  

  



 
Supplementary Figure S2: PncA coding capacity for each person calculated from 

metagenomic data and using the ShortBRED program 5. There is no statistically significant 

difference between any cohort’s ability to code for PncA.  
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*PncA coding capacity = reads per kilobase 
per million mapped reads (RPKM) 



 
Supplementary Figure S3: A. Scaled relative abundnace of all OTUs from the phylum 

Actinobacteria from LTBI, treatment, and cured individuals shown on a phylogenetic tree layout. 

B. DESeq variance stabilized transformed relative abundances of Actinobacterial OTUs 

sampled from the intestinal microbiomes of LTBI, treatment, and cured individuals.   



 
Supplementary Figure S4: Metacyc pathway abundance calculated against the UniRef50 gene 

database comparing healthy (uninfected and LTBI) to treated people. A. Top 20 most abundant 

pathways in the healthy and treated groups. B. Unsuprivised hiericherical clustering of 

significantly altered Metacyc pathways. C. Relative abundnace of Metacyc pathways, significant 

by LeFSe (p< 0.05), between healthy and treatment groups using Metacyc pathway coverage.  



 
Supplementary Figure S5: KEGG pathways comparing healthy (uninfected and LTBI) to 

treated people. A. Top 20 most abundant pathways in the healthy and treated groups. B. 

Unsuprivised hiericherical clustering of significantly altered KEGG pathways. C. Relative 

abundnace of KEGG pathways, significant by LeFSe (p< 0.05), between healthy and treatment 

groups using KEGG pathways.  



 
Supplementary Figure S6: KEGG modules comparing healthy (uninfected and LTBI) to treated 

people. A. Top 20 most abundant pathways in the healthy and treated groups. B. Unsuprivised 

hiericherical clustering of significantly altered KEGG modules in patients on HRZE treatmnet. C. 

Relative abundnace of KEGG modules between healthy and treatment groups.  



 
Supplementary Figure S7: Metacyc pathway abundance calculated against the UniRef50 gene 

database comparing healthy to cured people. A. Top 20 most abundant pathways in the healthy 

and cured groups. B. Unsuprivised hiericherical clustering of significantly altered Metacyc 

pathways. C. Relative abundnace of Metacyc pathways, significant by LeFSe (p< 0.05), 

between healthy and cured groups.  



 
Supplementary Figure S8: A. KEGG pathways comparing healthy to cured people. A. Top 20 

most abundant KEGG pathways in the healthy and cured groups. B. Unsuprivised hiericherical 

clustering of significantly altered KEGG pathways. C. Relative abundnace of KEGG pathways, 

significant by LeFSe (p< 0.1), between healthy and cured groups.  



 
Supplementary Figure S9: A. KEGG modules comparing healthy to cured people. A. Top 20 

most abundant KEGG modules in the healthy and cured groups. B. Unsuprivised hiericherical 

clustering of significantly altered KEGG modules. C. Relative abundnace of KEGG pathways, 

significant by LeFSe (p< 0.1), between healthy and cured groups.  


