Characterization of the mice deficient in G-substrate, a PKG substrate. PKG #&EG-substrate Zi8 < X D454+
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Introduction [F{V5 .
NO(nitric oxide)-cGMP-PKG(cGMP-dependent protein kinase) pathway plays important role in the central nervous system. NO(—E{LE23%)-cGMP-PKG(cGMP-{X T4 kinase) %li*ﬁ?ﬁ%’(‘i;nﬂ:ﬂ R Gooroteing

However, the restricted distribution of the pathway components and the lack of information on the substrate for the PKG have nglftl"z’o LU, PKGERDKFZE, fKGf]‘FﬂbhkﬂﬂﬂLﬁﬁth\éfz&U)

hindered research to examine the physiological roles of the cGMP pathway. BHPS. cCGMPROLEZMAERAILCAMPICLERL THEN TV,
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We have characterized G-substrate as an excellent PKG substrate and as a potent protein phosphatase inhibitor localized in a‘ﬂzdf‘g7}l'*/?‘m!ﬂlcﬁﬁ?'_éG-substrate’&Hnb‘ BNBIUNRIRKRT7 é

cerebellar Purkinje cells. Further, we characterized the structure of mouse G-substrate gene and generated the G-substrate ’—'ﬁmnﬂﬂﬁ?'ﬂbﬂ‘kbko &5, G'SUbStrateit{fi?m?'j;s&"FiﬂbT;{‘@ L apk Xiyr Kinaseled

gene-deficient mice. The homozygote G-substrate knockout (KO) mice didn’t show ataxia nor morphological abnormality in EBPEEESICRALL, mﬁ?xﬁvaz(-/-)T(id:ﬂ‘?j}l«#—/lﬂﬂﬂ%l._lﬁb
cerebellar cells. However, the homozygote mice showed reduced cerebellar LTD (long-term depression) temporarily around ?‘{I’EEE{U;‘R&ZHR#D#_#‘ SRERT RO/ BLTDAEMESL TV, &
postnatal week (PW) 6 compared with wild-type (WT) mice. General behaviors of the mice are normal, however, the long-term SIS, MEEKFFEFE THSRMIEIRIRIEE (OKR) DIGHAMIGILIE B THo/k 25, RIE

Purkinje cell

adaptation optokinetic response (OKR) of eye movement was impaired without any affect on short-term adaptation of OKR. WU EL<RERENTL Ve, NORAMSRIICRIICIEICBRD ST A& REL TS,
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Cerebellar structures of WT and KO mice.
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GAen?Gatlon oé G-sbul:sttrate KO m;t:_e-t dqt " (A)Nissl staining of cerebellar slices obtained from WT and KO OKR dynamics of WT and G-substrate KO mice. Long-term OKR adaptation. o
sle)ctor?fzfihe s:n;;::n%?};esmif,:{: ;8 mi:;ge ing mice. The thin sections (30 pm) were obtained from Left - Schematic diagram of OKR Eye mo induced WT (n=7) and KO mice (n=8) at PW12-15 were exposed to
) Restri t'g digested ic DNA paraformaldehyde-fixed brain using a cryostat and were subjected by oscillating screen was observed through CCD camera. The gain is  1-hr sustained screen oscillation every day for 5 days.
(B) Restriction-enzyme-digested genomic was to Nissl staining. calculated maximum eye movement (b) divided by screen movement (a). The mice were kept in the dark except during the screen
subjected to Southern blot hybndlzatlon analysis. The (B) HE (hematoxylin and eosin) staining of brain slices obtained oscillation. (A)Daily OKR adaptation. AGain, gain changes
band shift due to the h o n was from WT and KO mice. Right - Mice (12 week old) were subjected to sinusoidal screen oscillation  obtained after 1-hr oscillation on each day. Filled columns
confirmed by probing the blot with ¥P-labeled 3'- and (C) Fluorescence images of slice obtained from G-substrate KO (15° peak-to-peak, 0.11-0.33 Hz) at a maximum velocity of 1.7-10.5 °/s. are KO mice, and empty columns are WT littermates.
5’-probes indicated in the figure. The removal of the mice. The frozen thin sections (20 um) were observed under a (A)Screen velocity-dependency of OKR gains. (B) Cumulative OKR gain change induced through 5-day
sele_chon marker, pgk-Neo cass_ette,_ was also fluorescence microscope. AFAP, a GFP derivative, was expressed (B) OKR phases. Positive and negative values respectively indicate phase  session. Ordinate, AGain increases from the start gains
confirmed by Southern blot analysis using the 32P- under the control of the G-substrate promoter. delay and advance. Open columns are WT mice and filled columns are  on each day as measured from the start gain on day 1.
labeled 3’-probe. KO mice. Open circles are for WT and filled circles for KO mice.
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frequency of the conditioned
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c F'!Ied columns are G-substrate KO conmeicn) . Hﬂfﬂfﬂ(&“} 4(,4,09‘6\/ 1) The G-substrate KO mice did not express neither mRNA nor protein of G-substrate and they survived and mate normally.

o mice, and empty columns are WT PW6 137+0.06(7) 142003 O . . . P " .
g littermates. Vertical bars, standard PWT “fj;,{?ﬂiﬁé, V00 4 2) The G-substrate KO mice did not show ataxia and no significant difference was observed between WT and G-substrate KO mice in
H : errors ’ PWIOIS 13040000y LA rotorod test and other general behavior analyses.

- 1.41 = 0.02 (28 1.31+0.05 (6] . . .

8 s The numbers of cells used for the “’"F.?.'S;u[},'éﬁiiﬁ G x( M“‘i" 002 H“(O: 3) The temporal reduction of cerebellar LTD around 6-week old G-substrate KO mice may suggest the phosphtase mechanisms
30 experiments are as follows; for WT Duration (mse) PUAIRE 8 E})},m 80.0%4.1 (10) underlying cerebellar LTD might undergo the molecular change during development (See Launey et al, PNAS, 2004).
g mice PW4 (12), PW5 (23), PW6 (14), PWIODs — SI8=d3 @ 4) Slow long-term OKR adaptation in G-substrate KO mice may indicate the involvement of G-substrate in OKR consolidation.
g o PW7 (10), PW8 (14), PW10-15 (23); O eers ‘““'x{fﬁﬁ,‘,";;:ﬁf(ﬂ'; e Which wis Shiak e 5) The mice deficient in PKG also showed the impaired long-term adaptation in VOR without any effect on short-term one (Feil et al,
g for KO mice PW4 (10), PW5 (9), e 'é\‘.i".‘m"iﬁi‘é?i’.y.].', oot HCraES s "ﬁ'é’.i‘:&"m"a‘f\', i i g, 2003). NO pathway may be involved specifically in long-term memory in eye movement.
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For further info, please refer to Endo et al, PNAS 106, 3525-3530, 2009.




