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Song and Singing-induced zenk Gene Expression in Auditory and
Song System of Songbird Forebrain
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Abstract:Song and singing can induce zenk gene expression in different areas of a songhbird’s forebrain.
zenk gene was rapidly activated in the brain of a songbird by conspecific song, which would disappear after
deafening. Moreover, the act of singing induced zenk gene expression in song nuclei, which was independent
of auditory feedback. Evidence has suggested that zenk gene expression in auditory system is associated with
recognition of birdsong and memory of tutor song. zenk gene expression in song system is also related to song
production and maintenance. Thus, zenk gene expression is involved in not only the auditory system but also
the song system.
Key words: zenk gene; expression; auditory system; song system; songbirds

(Life Science Research, 2012, 16(6): 551~556)

M8 S Bk T AR LASNDBORAT K A ) e
JIR R, HOR AR T ALREF 7, 2
— I AL T . il A0 2] AR B ik
— RGN E WO RIARZ L, XS EE R T 3 NHH
HER R P 252, — RN IEZ 80138 H (vocal motor
pathway, VMP), 245 F =% A& = HHX (high vocal
center, HVC), #R 54 5 IR Bz iR AZ (robust nucleus
of the arcopallium, RA) 7T, F-45% 5 21 v i A1 i

s B HA: 2012-09-08; {&E BHHA: 2012-10-14
HEWB: ERARPEIEE %I HE (31172092)

T K P B Bl S R A P B P s R i
18 #% (anterior forebrain pathway, AFP), flfFZUIRIA
X X (Area X), #r8CHRAK B 41 M AZ SMIES (the at-
eral magnocellular nucleus of the anterior neostria-
tum, LMAN), FCfiiiTs /MIA% (dorsal lateral nucleus
of dorsomedial thalamus, DLM) & &A1 22 [0] ) B4 [
3K P 4% 3 45 22 [9) 38 5 HVC-X AT LMAN-RA f9 4%
SR E B R E—(E 1 B). MSIRAZ Sfa i 3 2

VEER A X1/ 25(1989-), B, Z#E M, B-HBFFe A, MM 2 A 3 7 T IOWFST s * IV 2240K0(1958-), B, K BN, 1
UG R P2, T4 S, NG 082 ) S IZHLBEAF ST, Tel: 020-85211372, E-mail: dfliswx@126.com.


mailto:dfliswx@126.com

552 £ om B

M 5 2012 4F

Tt T A A TR D 3 T O T N I 1) e
iz 35 2] DR S 0 i AT SRR =R T R
AW 8 A G X, H1 L1.1.2.13 }& NCM.cHV .HVC
shelf \RA cup Z5H4 P& 1A). 33X 86 X I 328 5 W
WA B BN S AR B O T B R I, X LR IX
B A R A A% A A 28 ST AE T 21 [R] 28 1 i B 2
SR Z AR, A — RN AR Y, LTS — Lk

Cerebrum

Pallidum

Thalamus

Midbrain Hindorain

Cochiear
ganglion

Ear hair cells

(A)

E1 BEkxREREEY

B RE AT ) 5 2 0k AR o 22 0 v A BT ) B
AR I IR PR 2~ L 7 A LR e g FR R
SLZRWAT R W oE 2 e S ARG il A4 345 LA &%
YEFFT5 T 0 A ST AR E 2 A FIUEW, Wil
L ANWT B8 S it AR ELAE 2 T4 5 7 2 > Y AL
] o A A S .

Nidopallium

Striatum

Muscles of vocal
organs: trachea

Respiratory
and syrinx

motor neurons

(B)

(A) AL atir Al Binlct . & € R0 97 2008 B B AY 2 05 S B e zenk RS A KRB, (B) F AL W
AL RGIEHF T R, RERBABE L FE NN ETEHR RS zenk B HFF A0 KK,

Fig.1 Schematic diagrams of composite views of parasagittal sections of the songbird brain"

(A) Auitory pathways in the avian brain. Diagram of a songbird brain giving approximate positions of nuclei and brain regions
involved in auditory perception and memory. White areas represent brain regions that show increased neuronal activation when
the bird hears song; (B) Vocal pathways in the avian brain. Diagram of a songbird brain giving approximate positions of nuclei

and brain regions involved in vocal production and sensorimotor learning. Dark nuclei in the song system show increased neu-

ronal activation when the bird is singing.
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Fig.2 Schematic views of molecular pathways that are important for memory of birdsong in a neuronal cell”

(A) The rectangles B, C, and D in this simplified view of a neuron are enlarged in the corresponding panels B, C, and D; (B) A
presynaptic terminal releases the neurotransmitter glutamate into the synaptic cleft, which activates the postsynaptic terminal by
binding to glutamate receptors. These receptors activate the MAPK signaling pathway, which leads to ERK/MAPK phosphoryla-
tion and translocation. The actin network that is present in the dendritic spine accommodates arc proteins; (C) A part of a nu-
cleus and soma is shown, together with the molecular pathways that are important for auditory memory. ERK/MAPK activation
promotes IEG expression. The IEG proteins promote or inhibit transcription of other genes that encode late effector proteins.
Some late effector proteins may be transported to the dendrites, while others, such as synapsins, are transported to the axon; (D)
Synapsins are transported to the presynaptic terminal via microtubuli. There, they anchor vesicles to the actin cytoskeleton.
When synapsins are phos-phorylated, their affinity for both actin and vesicles decreases. Thus, the vesicles are released and can
fuse with the membrane and secrete neurotransmitters into the synaptic cleft. The pre- and post-synaptic membranes are linked
together through cadherins, among other factors. ARC, activity-regulated cytoskeleton-associated mRNA; ERK", phosphorylated
ERK; IEGs, immediate early genes.

promotes acute vocal variability at a key stage of sensorimotor
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