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Anatomy

Typical pit organs

Infrared Organs of Snakes: J. Herpetology, 45, No.1, 2011., R. C. Goris (2011)
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Anatomy

Pit organ innervation

Goris (2011)//
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Anatomy

Chegando ao Teto Optico

Dissertação R. Batista
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Anatomy

Pit organ cross section

Goris (2011)

Hartline 1982: Some 7000 thermosensitive TNM = Terminal Nerve Masses, Goris(2011)

nerve endings of trigeminal sensory axons

on the 15 µ thick membrane with area 30 µ2.
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Anatomy

Estrutura superficial e direcional da membrana

(Goris-2011)
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Membrane Properties

Electron micrograph of single TNM Pit Capillary System - Goris (2011)
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Membrane Properties

Electron micrograph crossection of pit membrane (2010)
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Membrane Properties
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Measurements

Recording from Optical Tectum
Goris et al. 2010



Foceta Infravermelha Crotallus Terrificus

Measurements

Hartline 1983 - IR and Visual Space Directional Sensitivity - Bakken 2012
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Measurements

Water flowing onTrigeminal Nerve - Bullock 1956, ∆T ∼ 0.025◦C

Bakken & Krochmal(2007). Thus, the membrane may
conceivably respond to contrasts of less than 0.001◦C
(Recording response threshold from Trigeminal Nerve).
The mechanism by which such sensitivity might be

obtained is presently unknown.
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Measurements

Pit:

1 innervated by two ganglia of the trigeminal nerve.
Warm myelinated A-delta fibers from the Ophthalmic ganglion: innervate dorsal part of membrane,
Maxillary ganglion: two bundles innervate the ventral and rostral areas of the membrane.
Terminals of nerves from these ganglia innervate unevenly the pit membrane (∼ 600 fibres),but each has
its own territory within the membrane.

2 Pit membrane is also innervated by scores of unmyelinated C fibers, some of which are probably nociceptive
fibers, whereas others may belong to the autonomic (sympathetic and parasympathetic) nerve system
controlling the blood vessels of the membrane.

3 Sensory receptors of all kinds contain a more-or-less large number of mitochondria, but the mitochondria in
the snake TNMs surpass by far the numbers in other known sensory organs. It may be that these massed
mitochondria form part of the mechanism, whereby the pit receptors respond extremely rapidly to minute
temperature changes, but this has yet to be proven.

(Goris 2011, Goris and Nomoto, 1967; Goris and Terashima, 1973; Kishida et al., 1980; Berson and Hartline, 1988).
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Membrane Properties

Molecular structure

Gracheva et al.: Molecular basis of the infrared detection by snakes. Nature 464:1006-1012, 2010.
Pit membrane:

Passive antenna for radiant heat,
transducing thermal energy to heat-sensitive channels on embedded nerve fibres.
→ Snake TRPA1 is a heat-activated channel.

TRPA1 roperties:

inactive at room temperature,

but robustly activated above 27.6± 0.9◦C.

no response to cold (12◦C).

Threshold much too high
to explain our data!
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Membrane Properties

Firing Patterns

The firing patterns of neurons associated with pits at all levels of the nervous system (peripheral nerves, medulla
oblongata, optic tectum, nucleus rotundus of the thalamus, anterior dorsal ventricular ridge of the telencephalon;
for details, see below) have three common characteristics.
(Goris 2011, Goris and Nomoto, 1967; Goris and Terashima, 1973; Kishida et al., 1980; Berson and Hartline, 1988).

1 The neurons of other sensory modes (e.g., lateral eye vision) are silent. In contrast, infrared neurons fire
constantly at irregular intervals. All objects,constantly give off infrared radiation generating spontaneous
discharge. At a body temperature of 25◦C, frequency is 10-30 spikes/sec (varies with species, body
temperature, and individual neurons).

2 Firing increases in response to any stimulus of higher temperature (or stronger IR radiation ) than the
background. Firing frequency changes with IR λ of the stimulus, strongest at

λ = 3− 15µm

= wavelength normally radiated from the body surface of endothermic animals

3 For temperature lower than that of the background→ firing frequency decreases (e.g., Bullock and
Diecke, 1956; Goris and Nomoto,1967; Fig. 5C).
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Black Body Radiation,Flux, Geometry, Background and Target

Um pouco de F́ısica

Radiação do Corpo Negro.

Radiation by unit volume and unit solid angle

1 cal = 4.1868 Wsec k = 1.381 · 10−23 J/◦K

c = 3 · 108 m/sec ~ = 6.600 · 10−34 J · s

T0 = 273.16◦K σ = 5.6522 · 10−8 W
m2·K4 .

Spectral densitiy [E/V/dΩ] is

e0(ω) = 1
V

2·4π
(2π)3

dEω
dω

= ~ω3

4π3c3(e~ω/kT−1)
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Black Body Radiation,Flux, Geometry, Background and Target

Radiation by hemisphere

Emitted flux by surface n̂:
. J(ω, θ) dΩ = ce0(ω)dΩ = ce0(ω) 2πd cos θ
Emitted flux falling on unit surface S tilted by n̂ · n̂S = cos θ:
. J(ω, θ) cos θdΩ

Total emitted flux falling on S:

. J0 = c
∫∞
0 e0(ω)dω 2π

∫ π/2
0 cos θd cos θ

Integration over frequencies yields

.
∫∞
0 e0(ω)dω =

∫∞
0

~ω3dω

4π3c2(e~ω/kT−1)
= ~

4π3c2
( kT~ )4

∫∞
0

x3dx
ex−1)

=
(kT )4

4π3c2~3
π4

15
,

Including the solid angle integration: get total flux W/m2

J0 =
(kT )4

4π3c2~3
π4

15
2π 1

2
= σT4 (Stefan-Boltzmann)

with σ = π2k4

60~3c2
.

For conical radiative aperture with angle θ, instead of emitting half-sphere: J0(θ) = σT4 sin2 θ.
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Energy Flux: experimental results

Energy Flux: experimental results
Previous Experimental Results from nerve recordings

1 Bullock(1956):
Trigeminal nerve recording and supposing all IR radiation is absorbed:
Threshold flux ∆Φ = 75 µW/cm2;

Single fiber recording with water flowing on pit membrane:
∆Tmin ∼ 0.003◦C
These figures cannot be given great reliability because this sensitivity pushes to the limit the usefulness of
the available temperature recording system and we are not sure of the form of the initial change in
temperature.

2 Goris et al.(1967):
IR-laser
∆Φ ∼ 100 µW/cm2 at membrane.

Experimental Results using ' σ(T4
1 − T

4
2 )(R/D)2

1 Buning et al.(1981):
Shutter-Signal independent of background, record from midbrain tectum
∆Φ = 10.76 µW/cm2.

2 Ebert & Westhoff (2006):
Shutter, Behavioral threshold for Crotalus atrox:
∆Φ = 3.35 µW/cm2

for D = 100 cm.
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Energy Flux: experimental results

Rio Claro, Dissertação R. Batista
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Energy Flux: experimental results

Rio Claro results for ∆T

For a response threshold of ∼ 3◦C, we get
All wavelength: ∆TMin ∼ 0.01◦C.

Assuming absorption only in the λ = 4− 15µm: ∆Tmin ∼ 0.005◦C!
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Energy Flux: experimental results

Numbers for our Experimental Setup
Total radiative heat flux is ∼ time-independent!

For

IR background temperature Tf =10◦C, Moving target radiating area Aa = 2 ∗ 2 cm2,

Moving target temparture Ta = 13◦C , Backgound radiating area Af = 10 ∗ 10cm2

Target to Pit distance D = 10 cm, fλ ∼ 1/2

The fluxes are:
Φf = ( σ

4πD2 [T 4
fAf ])fλ = 2359.78 µW

cm2 ,

Φf+a = ( σ
4πD2 [T 4

f (Af −Aa) + T 4
aAa])fλ = 2368.93 µW

cm2

For IR-wavelenghts the irradiance contrasts are:

δΦ = Φf+a − Φf = σ
4πD2 (T 4

a − T 4
f )Aafλ = 9 µW

cm2 .
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Signal to noise ratio

Signal to Pit-background ratio:

Signal Flux: δΦ = 9 µW
cm2 .

Heat flux from snake’s pit: Tpit = 22◦C, εpit = 0.3

Φpit = σT 4
pitεpitfλ = 6650 µW

cm2 .

Include membrane absoprtion factor: εabs ∼ 0.5→

S = (εabsΦpit)/δΦ ∼ 350

Temos um problema aqui ????
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Signal to noise ratio
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Signal to noise ratio

Modelling a Historic Oil-Tank Fire Allows an Estimation of the Sensitivity of the Infrared Receptors in Pyrophilous Melanophila

Beetles, Helmut Schmitz, Herbert Bousack (2012)

Beetles coming from 60− 130 km!
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The blazing pit

IR detector from first principles.

Problem: detect infra-red radiation embedded in infra-red
background.
Nobody tells how heat accumulated in membrane is carried
off! In the vicinity (∼ 200µm) of laser stimulation (λ = 0.8µm) get 50 % increase in blood flow in

∼ 4.5 msec! (Goris 2007)

Equivalent problem in Vision:
Detect a light source embedded in an
environment at temperature

Tequivalent ≡
λinfrared
λvisible

= 10000◦K

The whole Pit Organ would blaze like the sun!
Is mechanical deformation of the pit an effective stimulus?
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The blazing pit

Heating time/temperature dependence

Signal Flux δΦ = 9 µW
cm2 .

Energy increase due to signal on membrane
δQmbr = δΦAmbr = 1.15 µW .

Membrane absorption factor εmbr = 0.6
δQmbr = (εmbrcvVmbrρmbr)δTmbr - data as for H2O

Temperature change:
δTmbr = 0.002 C◦/sec

Is there enough machinery to carry off the heat???
Qpit/δQmbr = 1090

What is the response-time of the membrane?
∼ 4 msec (Goris 2007)!
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Future

Where do we stand?

To do:

1 Study dependence on target movement & contrast sharpness.

2 Include geometrical factors and positional dependence of εabs.

3 a Provide an ideal IR-detector in the presence of background
and noise.
In contrast to statements by Bullock/Diecke (1956) and T. de Cock Buning (1983) arguing the

independence on snake temparature!

4 Show that the detctor is compatible with pit anatomy &
physiology.

5 What is the thermo-transduction mechanism?
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Future

Effect of Snake Temperture - does it really cancel out?

Buning (1983)
Considers background irradiation by snake’s body
Did experiment at ambient temperatures:

21C◦and 15C◦→ same threshold for response.

with and without chopper:
→ snake-temperature cancels out in the difference.

(Assumes instantaneous reaction to changes in temparture
gradient.

Also: noise adds up!)
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Future

O que pode ajudar?

Surface architecture

Discovery of a Novel Accessory Structure of the Pitviper
Infrared Receptor Organ (Plos1 2013),
Carlos Jared et al., Departamento de Zoologia, Instituto de
Biociencias, USP

Include heat lost/absorbed from membrane to air by
convection
Amount of heat lost by conduction through the air to the pit
walls:
Assume the snake being able to cool the membrane by

δTpit−mbr = −0.1◦C

Thermal conductivty of air: kair = ρvcplmfp/3 = 0.026Wm−1/◦C , Typical distances∼ 1mm

QAir = [kair(1/d1 + 1/d2)] ∗ δTpit−mbrAmbr = 65.345127 µW
! Bakken & Krochmal 2007
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Future

Shutter Experiment - Snake Temperature cancels
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Future

Protein dynamics of vibrational states

Yamato(1998)

Photoreaction: in general, however, the functionally important
motion of a protein along the reaction coordinate is largely masked
by the thermal fluctuatios, making it difficult to analyze the effect
of an external stimulus on the protein dynamics (Heat Transport in
Proteins, Leitner 2010).
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Future

É isso ai pessoal!

Obrigado!
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