TabeshTremblay
et al. • Trace
elements
in runoff
watersin
inGobiomorphus
Booragoon Lake
• Australasian
Bulletin
of Ecotoxicology
& Environmental
Chemistry • Vol.material
2, 2015, pp. 35-47
et al.
• Biomarker
responses
cotidianus
from the
Mataura
River • Vol 7, 2021,
pp17-26 – Supplementary

Supplementary material

Analysis of biomarkers in the common bully
(Gobiomorphus cotidianus) to assess the health of a
large river exposed to multiple stressors
Louis A. Tremblay, James M. Ataria, Gen Kume, Olivier Champeau,
Katherine Trought, Grant L. Northcott and Andrew Barrick

Controlled exposure to reference chemicals

For the initial development of the qPCR primers, G. cotidianus were collected from the Ashley
River (43°16’S, 172° 41’E) near North Canterbury, New Zealand. This site was selected for
the development of the assays as previous studies have collected individuals at this site for the
development of rt-qPCR assays (Laurie 2004). Individuals between 35 and 65 mm were gently
collected using nets and transported to the lab where they were acclimatised for one week prior
to testing.
After acclimation, fish (n=10) were anaesthetised with 150 µg/mL ethyl-4-amino benzoate solution
(Sigma, St. Louis, MO) and dosed with the reference chemicals using a syringe, 20 µL/g live
weight (Table S1). After 48 h, the fish (n=5) were anaesthetised using 150 µg/mL ethyl-4-amino
benzoate solution and killed by severing the spinal column. The liver was excised, transferred into
RNAlater® solution (Qiagen) for preservation and stored at 4°C until processing. RNA was extracted
from the liver tissue using the Total RNA Easy Spin column kit (iNtRON #17221) following the
manufacturer’s protocol. The concentration of RNA and purity (>1.9) was checked using a Nanodrop
spectrophotometer (ND-2000). RNA was diluted to 50 ng/µL and cDNA was synthesised using
an MMVL RT kit (Invitrogen) following the manufacturer’s protocol using random hexamers
(Promega) and 10 mM dNTPs (Bioline).
Table S1. Contaminants used to verify induction of target genes
Reference chemical

Dose
(mg/kg)

Solvent Used

Target Gene

Zinc (ZnSO4.7H2O AnalaR, VWR)

10

Ultra-pure water

Metallothionein

Copper (CuSO4 Sigma)

10

Ultra-pure water

Metallothionein

Cadmium (CdCl2 Sigma)

10

Ultra-pure water

Metallothionein

17ß-estradiol (Sigma)

10

Ethanol

Vitellogenin

ß-naphthoflavone (BDH)

50

Dimethyl sulfoxide (DMSO)

Cytochrome P450 1A1

Target genes sequences were determined by aligning sequences from other fish species (Perciformes
sp.) and regions of homology were identified. cDNA was synthesised using the MMLV-RT enzyme
(Invitrogen, Life Technologies). The target genes were amplified using a Stratagene MX3000P qPCR
machine and SybrGreen PCR mastermix (Applied Biosystems). Thermocycling was conducted using
polymerase activation at 95°C for 10 minutes with an amplification and quantification cycle repeated
for 40 cycles (95°C for 30 sec, 55°C for 1 min and 72°C for 1 min). For the development of the
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qPCR assays, the 18S gene was analysed to determine if it can be used as a suitable reference gene.
After confirmation that no alterations were occurring due to exposure to the reference contaminants,
all other genes were normalised to the 18S and expression relative to the control was determined.

Exposure to Reference contaminants

The expression of mt following exposure to copper and cadmium were both significantly different
from the control (Figure S1). The expression of mt following exposure to zinc, however, was
significantly different from Cd, but not from the control. Estradiol caused a statistically significant
increase in vtg expression compared with the control (Figure S2). The expression of cyp1a also
displayed statistical significance in samples exposed to ß-naphthoflavone when compared to the
control prepared with DMSO (Figure S3).

Reference

Laurie AD. (2004) Quantitation of metallothionein mRNA from the New Zealand common bully
(Gobiomorphus cotidianus) and its implications for biomonitoring. New Zealand Journal of Marine
and Freshwater Research 38, 869-877.

Figure S1. Expression of mt in common bully exposed to several reference metals. Stars
indicate a statistically significant difference from the control (p<0.05).
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Figure S2. Expression of vtg in common bully exposed to estradiol compared to an ethanol
control. Stars indicate statistical significance (p<0.05).

Figure S3. Expression of cyp1a in common bully exposed to ß-naphthoflavone compared to
a DMSO control. Stars indicate statistical significance (p<0.05).
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