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Insulin resistance in cavefish as an adaptation to a
nutrient-limited environment
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@ Periodic food shortages are a major challenge faced by

organisms in natural habitats.
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€ Cave-dwelling animals must withstand long periods of

nutrient deprivation, as—in the absence of
photosynthesis—caves depend on external energy
sources such as seasonal floods.
NIBEWIL NG KIS AR E SRR, FNERSE
SEHBIBRT, RERBTIMREE, WmZEFELK.




|ntroduction

Surface

- ','.' .-rl-‘-:" -' '...i.- A [ " i
RUASE L H
" il L ] -

E— -'--.:"- Frw - e e
it A ?;\ﬁi.ﬁiv,

Tinaja

Figure 1 a, Surface fish and Tinaja cavefish of
A. mexicanus.

The fish species A. mexicanus consists of
interfertile river-dwelling and cave-dwelling
populations (Fig. 1a) , here referred to as

‘surfacefish” and ‘cavefish’, that experience

markedly different nutrient availablility .
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Cavefish are resistant to starvation.
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© when fooddeprived, cavefish lose a smaller fraction of their body weight
compared to surface fish.
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@ Several factors have been identified that contribute to starvation
resistance, including reduced metabolic circadian rhythm, decreased
metabolic rate and elevated body fat.
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: b, Blood glucose (1 h postprandial)
S = in surface fish compared to
o ' cavefish (»=10,13, 3 and 3,
respectively, for surface fish,

B Tinaja, Pachon and Molino
I’ cavefish).
* ¢, Fasting blood glucose at day 1
‘ i * versus day 21 (n=20 per

population and condition).
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results suggest that dysregulated glucose homeostasis is a common feature of cavefish populations.
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Blood glucose (mg dI)
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d, Glucose tolerance test. Blood glucose after
intraperitoneal injection of glucose (red) or
PBS (blue). Data points represent values for
individual fish and grey shade indicates 95%

confidence interval for polynomial regression.

Our results suggest that cavefish have impaired
glucose clearance.
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Glucose homeostasis requires the balanced release of insulin and glucagon
that instructs tissues to absorb glucose from the blood or produce glucose from

stored glycogen.
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a, Whole-mount immunohistochemical
detection of insulin- and glucagon-
positive cells in Tinaja larvae at 10days
post fertilization.

b, Number of glucagon- and insulin-
e | e | e positive cells in surface and Tinaja
glucagon cells 54 50  0.678 larvae at 10—11 days post fertilization

insulin cells 54 52 0.275 (n=5 fish per population,).
- Surface fish length (mm) 6.8 6.5 0.780

Tinaja  jnsulin/glucagon ratio 1.0 1.1 0.636 ¢, Average number of glucagon- and
insulin-positive cells, fish length, ratio
of insulin to glucagon positive cells and

Extended Data Figure 1 | Numbers of insulin- and glucagon-positive cells P value comparing the surface and

Tinaja values (determined using

Student’s #-test).
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in the developing pancreas are unchanged in Tinaja cavefish relative to

surface fish.
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5250 -

surface Tinaja Molino Pachon
Extended Data Figure 2 | Serum glucagon levels are
comparable between the different populations.
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Box plot comparing
serum glucagon levels
between surface, Tinaja,
Molino and Pachon fish
after 24-h fast. n=12
fish per population,
average of 57.87, 59.76,
79.66 and 48.89
respectively. P=0.52,
one-way ANOVA.
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insulin (AU)

Extended Data Figure 3 | Serum insulin levels are comparable
between surface and Tinaja fish.

surface  Tinaja
a, Serum blotted onto nitrocellulose membrane using Bio-Dot SF microfiltration apparatus probed
with anti-insulin antibody (DAKO). Each blot represents an individual fish between 1- and 2-years-
old (n=24 fish per population).

b, Quantification of insulin level measured by densitometry of blots.
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Extended Data Figure 4 | Insulin decreases blood glucose level in
surface fish.

b, Blood glucose levels of surface
fish over time, after injection of
PBS or insulin.

¢, Blood glucose levels at 15 and
60 min after insulin injection in
surface fish and Tinaja cavefish.
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Our combined observations that glucagon and insulin levels do
not differ between surface and cavefish, and that cavefish do not
decrease blood glucose levels in response to arginine or insulin,
suggest that cavefish may be insulin resistant.
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f, Western blot: cell lysates probed with pAKT (ser473) and AKT antibodies. Lysates produced from skeletal
muscle treated ex vivo with PBS, a high (H, 9.5-11.5pug ml.1) or a low (L, 0.95-1.15ug ml.1)level of insulin.

g, Quantification of bands by densitometry of highest concentration treatment (n=3 per population).
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Result a, Schematic of the
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Surface fish . . C, Amino acid alignment
Tinaja cavefish ..

‘ Pachén cavefish . . N - of the insulin receptor
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d, Relative FITC intensity of cells stably
transfected with Flag-tagged surface-fish or

Tinaja-cavefish insulin receptor and incubated
with FITC-labelled insulin.
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a, Map of the region, overlain with genotyping results of
wild-caught samples. Pie charts indicate percentage of fish
homozygous for surface allele (blue), cave allele (orange)
or heterozygous (grey).
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We found that cavefish weigh more than surface fish on a nutrient-limited
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Racnil+ .
d ¢, Weight of 18-month old F2 male

: Tinaja—surface hybrids genotyped for the
‘ ' P211L mutation.
‘ d, Change in weight of F2 Tinaja—surface
hybrid males on fixed diet. n =21 (P), 39
(P/L) and 20 (L).
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F, weight gain (g)
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. ; P : P-homozygous surface fish, n = 22;

L: L-homozygous cavefish, n = 27;

P/L : heterozygotes
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€ Our findings show that the P211L mutation contributes to both the increased
weight and insulin resistance observed in Tinaja and Pachon cavefish.
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€ in mammals, full loss-of-function mutations in the insulin receptor are
associated with retarded growth and lower levels of body fat.
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€ diminished insulin signalling has an opposite effect in fish, but the
mechanisms leading to the difference remain unclear.
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a, Quantification of scale size in zebrafish of the indicated

b, ¢, Representative images of scales stained with 0.005% calcein
with contrast and brightness adjusted to show scale edges.
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(a),Suface fish

(b) Pachon

(c¢) Tinaja

d, Quantification of advanced
glycation end-products in serum
(AGE-BSA) from approximately
: ] : . two-year-old fish after a three-day
Surface  Tinaja  Pachon  Molino fast (n:4 for each population).
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Tinaja cavefish >14 years
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Despite elevated blood glucose levels and insulin resistance, Tinaja and Pachon cavefish do not show signs of
senescence and do not accumulate advanced glycation end-products in the blood. a—c







conclusion

€ Our findings establish cavefish as a model with which to investigate resistance to

pathologies of diabetes-like dysregulation of glucose homeostasis.
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€ Moreover, our results highlight the extreme physiological measures that can evolve in

critical metabolic pathways to accommodate exceptional environmental challenges
ZRRWE T HRRKAEERER, TOERBRIAHBEER, ENMERIEF TR,

€ Molino population may have evolved altered blood glucose homeostasis through a different

mechanism than did Tinaja and Pachon cavefish.
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