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Application of Mycobacterium marinum infected zebrafish for
evaluation of anti-tuberculosis drugs
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Abstract: Tuberculosis (TB) is a serious infectious disease caused by Mycobacterium. tuberculosis. In recent
years, with the emergence of drug-resistant forms, the development of new anti-tuberculosis drugs is urgently needed.
In this study, we used Mycobacterium marinum (M. marinum), which is highly similar to M. tuberculosis, to establish
a M. marinum infected-zebrafish model and quantitative PCR (qPCR) method for bacterial count analysis. The
results showed that injecting M. marinum into the yolk sac is an efficient and convenient way to infect zebrafish
embryos. By counting the survival rate of infected zebrafish and the number of bacteria in zebrafish by Ziehl-
Neelsen staining, we analyzed the efficacy of isoniazid and rifampicin as anti-tuberculosis drugs and the synergistic
effect of drugs. The results suggested that three evaluation methods exhibit good consistency. This study demon-
strated that zebrafish-M. marinum infection model combined with qPCR analysis is a simple and efficient method
for in vivo screening and evaluation of anti-tuberculosis drugs. Animal experiments were carried out in accordance
with the provisions for animal ethics in the Regulations on Laboratory Animals of Institute of Medicinal Biotech-
nology, Chinese Academy of Medical Sciences.
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Figure 1 Lethal effects of zebrafish embryos infected with different concentrations of Mycobacterium marinum (M. marinum) strain 927
and M. marinum strain M. Zebrafish embryos were infected with M. marinum strains 927 (A) and strains M (B) at the indicated number of
bacterial, then the survival ratio in the first ten days was recorded. n = 20, X +s. “P<0.01 vs the uninfected control group (UT)
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infection. Zebrafish embryos were infected with M. marinum strains 927 (156 + 23 cfu). Magnification of 200 x
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Isoniazid (INH, A) and rifampicin (RIF, B) can rescue infected embryos. Zebrafish embryos were infected with M. marinum

strains 927 (186 + 31 cfu), then randomly split into two equal groups. One group was exposed to 2 mmol - L* INH or 400 pmol - L* RIF for

10 days (exposure to the drugs achieved by adding compounds to egg water; antibiotics refreshed once daily) and the model group was

followed without treatment (water refreshed once daily). n = 20, X + s. "P<0.05 vs model group
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Figure 4 The effect of INH and RIF on bacterial growth in
zebrafish. Zebrafish embryos were infected with M. marinum
strains 927 (176 + 39 cfu), then randomly split into equal groups
that were exposed to 2 mmol - L INH, 400 umol - L* RIF or buffer,
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strains 927 (138 + 27 cfu), then randomly split into equal groups that were exposed to buffer (A), 2 mmol-L* INH (B) or 400 umol - L* RIF
(C), respectively. At 5 days post infection, the distribution of bacteria in tail (a), belly (b) and head (c) of zebrafish was assessed using Ziehl-
Neelsen staining

A ooq B w04
~- 200 pmol L -~ 2 mmol L *
e 80 & 100 pmol L! £ 50 o - 1 mmol L
3 —— 50 pmol-L" = =&~ 0.5 mmol-L*
.-E 604 4~ 25 pmol-L! E 60 ~# 0,25 mmol-L"
2 ~o- 12,5 pmol-L* @ <4~ 0,125 mmol L*
g bty o Model g ) © Model
204 20
0 : i T T
2 10 0 2 4 10
Days post infection
C s D 150
=
35 R=093 95 R=091
1040 = A 100
& &
= :
E s04 g 50
— . —
A , ' : " ‘ i S— ; .
-0 0.5 0.0 0.5 0.0 0.5 10 15 20 25
logConcentration logConcentration

Figure 6 The dose response analysis of RIF and INH in a M. marinum infected zebrafish-model. Zebrafish embryos were infected with
M. marinum strains 927 (199 + 33 cfu), then randomly split into 6 equal groups, followed by the treatment with different concentration of
RIF (200, 100, 50, 25, 12.5 umol-L*) (A, C) or INH (2, 1, 0.5, 0.25, 0.125 mmol- L) (B, D). At 5" day of post-infection, the bacteria numbers of
20 larvae were determined by gPCR, which is used to calculate I1C;, by GraphPad Prism 5.01. Concentration inhibition rate of RIF (R?* =
0.91) or INH (R? = 0.93) was detected, respectively. n = 20, X = s. “P<0.01 vs model group
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Figure 7 Synergistic drug interactions in the zebrafish larval infection model. Zebrafish embryos were infected with M. marinum strains
927 (158 + 19 cfu), then randomly split into 4 equal groups, followed by the treatment with 100 umol - L™ RIF and 0.5 mmol - L* INH or
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