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Figure 4-4 Pituitary gland development. Early understanding of development of the stomatodeal epidermis
into the adenohypophysis from Rathke’s pouch and the neurohypophysis from the neural infundibulum. The pars
intermedia developed at the point of contact between the neuroinfundibulum and Rathke’s pouch. (Adapted from
Dubois, P.M. and El Amraouci, A., Trends in Endocrinology and Metabolism, 6, 7-7, 1995. © Elsevier Science,
Inc.)

Copyright © 2013 Elsevier Inc. All rights reserved, . 5
(Vertebrate Endocrinology 5’7Eh ed)
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Figure 4-1 The vertebrate neuroendocrine system. The hypothalamus secretes RHs and RIHSs, stores them in
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e Kiss1l KO in mice and rats-> infertile
GPR54 (receptor) mutation -> infertile in mice and human

testes ovaries

~ (d” Anglemont et al., 2007)

* Kisspeptin(peptide) depolarizes GnRH1 neurons in a direct manner
A.

KP-10
10nM

---------------

(Han et al., 2005)

|
0 KP-10 10 minutes 20
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Figure 6.  Schematic representation of the role of ARC kisspeptin/NKB/Dyn neurons in the generation of the pulsatile GnRH
release. According to this model, kisspeptin/NKB/Dyn neurons in the ARC form a neural circuit by their collaterals and dendrites.
Within the neural circuit, NKB/NK3 signaling plays the role of accelerator, whereas Dyn/KOR signaling serves as a brake on
activation of kisspeptin/NKB/Dyn neurons. Through the reciprocal actions of NKB/NK3 and Dyn/KOR signaling, thythmic oscillation
of neural activity is generated in kisspeptin/NKB/Dyn neurons, which in turn induces pulsatile kisspeptin release at the ME and
hence pulsatile GnRH release into the portal dirculation. Thus, ARC kisspeptin/NKB/Dyn neurons would act as the GnRH pulse
generator through the coordinated interaction between three peptides. See text for details,
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FIG. 4. Comparison of GnRH effects on [Ca®"]; in aT4 cells infected

with Ad hGnRH-R or Ad XGnRH-R. aT4 cells were infected with Ad

hGnRH-R (m.o.i. 1000) or Ad XGnRH-R (m.o0.i. 100) and then cultured

for one day before being loaded with fura 2 and used for Ca®* imaging.

During imaging Ad hGnRH-R infected cells were stimulated with

10~7" M GnRH (filled circles) and Ad XGnRH-R infected cells were )

stimulated with cGnRH-II (filled triangles) in normal medium before (H |S|0p et al ) 2000)
being transferred to Ca®*-free medium (still with peptide). Control
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estrogen

mgwt regulate GnRH neurons
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estrogen
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hypothetical common ancestor:

-GnRH, FSH, and LH were involved in the reproductive regulation_.
-Kisspeptin was not involved in the reproductive regulation.
-Estrogen played an important role in the steroid feedback.
-GnRH was transported via hypophyseal portal vessel.

-FSH and LH were expressed in the same cell in the pituitary.

Kanda, 2018
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induced GnRH/LH pulse
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Duplication of gonadotropin gene; emergence of FSH and LH
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(chordate) P Acquisition of kisspeptin and glycoprotein family genes

L Kanda, 2018
Acquisition of GnRH genes
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How genes are made?

e Copy and modify rather than construct de novo

Ohno (1970) “Evolution by Gene Duplication”
geneA

\ 4

sub-functionalization neo-functionalization non-functionalization
(functions in different (gain new function) (no function)
parts/timings)
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* * * 63 *

Human : MNSLVSWOLLLFIECATHFEEPIRE KA SYCENSE PRGO0LE SLGIBRAPC-EC-SLPCTERKPAATARLSRRGTE
Chimpanzee : MNSLVSWOLLLFIECATHFEEPIRE = MASVGNSR PIGCQLE SLGIMRAPC-EQ-SLPCTERKPAATARLSRRGTEILS
Mouse : MISMASWOLLLLIECVATYEEPIRAKMA PLVKPGSIRGOOSGPOEMUNAW-EK-ESRYAESKPGSAGLRARR-SEPC
Rat : MISLASWOLLLLECVASFEEPIEAXUAPY VN PE PINGOOSGPQEMINAW- QK -GPRYAESKPGAAGLRARR-THEIE
medaka R MAAPLAWVAY I MUAVIHAOEWTAHHRHCET THTE DNAIEKML—RN-FNY L8858 ——————————— MEEW
zebrafish : ----------- - --- - - - --- - ---\- -\~~~ ETPEETS--LRVLRGTDTRP——-—--——-—— TDGEPP

80 sl 140
Human : WPPESSGSPOOEGLSAPHSEIOMPRIEOGA i M F A PGNHGRSAGRGWGAGAGD=:145
Chimpanzee : HPPESSGSPOOEGLSAPNSEOMPAEOGE LA D LRSI v N[N : EREHADPRHPQSRuRG -------- =138
Mouse : BPVEGPAGRORE-LCASRSELIPARE GANT [ N I 3 R-====- BARG---=--—- :130

Rat : FPVENPTGHORE-PCATRS iIP 'HGS I N I 2 R-=---—- AARG-------- 1130
medaka : BKSDRSSDGGT PMVCCwMV o= e I )| I ey — - - - ———— - - :100
zebrafish : § JSALFSMG QKN LS PYTKRIES N R 8- ODMLTRLKOKSPVK-——--- 1 87

Kisspeptin-10

© . — - (Kanda et al., 2008)
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(Kanda et al., 2011)
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Drosophila
HOM-C

hypothetical
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Amphioxus
Hox cluster

mouse Hoxa

mouse Hoxb

mouse Hoxc

mouse Hoxd

(Garcia-Fernandez and PW Holland, 1994)
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A. Ancestral state

EVX1312111098 76 5 4 3 2 1
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B. Ancient agnathan

EVX1312111098 76 5§ 4 3 2 1
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D. Mouse

Evx 1312111098 7 6 5 4 3 2 1
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C. Ancient gnathostome
EVX1312111098 7 6 56 4 3 2 1

F. Zebrafish

evx 1312111098 7 6 5§ 4 3 2 1
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E. Ancient ray-finned fish
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G. Fugu

Evx 1312111098 76 6 4 3 2 1

(Amores et al.,

1998)
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gnrhl mRNA

(Kanda et al., 2013; Escobar et al., 2013)
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(Nakajyo et al., 2017)
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‘ O NVT Kiss1 Neuron
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() Kissl neurons

A Kiss2 neurons
Red steroid sen5|t|ve

(Smith et al., Brain Res. Rev., 2007)
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Kiss? is lost in mammals

teleost

lungfish

Iarﬁprey The ancestral vertebrate




Genetic robustness
o kissl & kiss2 1™ 1JBIEF
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Gnrh2 is widely

conserved in vertebrates
lamprey
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Ma (Betancur-R et al., 2013}
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Zebrafish Ch13
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Stickleback LG VI
Xenopus  S460
Lizard ~ S270 e G —Ckcna?) ¢
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Syntenic comparisons of two teleosts (zebrafish and stickleback) to gar and human.
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gar 1.1 79 zebrafish
S d

/""2"2' stickleback

human 4.8

A

Angel Amores et al. Genetics 2011;188:799-808
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