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Fig.2. Confocallaser scanning Ii ght microscope (CLSM) images in the rat 

SCN stained with the anti-CaM Ki nase 11 y， d antibodies and 

anti-CaM Kinase IV antibody. 

Rat SCN sliccs were examined by immunofluoresccnce microscopy after 

staining with anti-C aM kin 白 e IIo ， C aM kinase Il y or CaM kin ぉe IV 

antibody. 8. b. The SCN slices were immunostained with the anti-C aM 

kinase IIo antibody followed by FITC-conjugated anti-rabbit IgG antibody. 

c. d. The SCN slices were immunostained with the anti-C aM kinase IIy 

antibody followed by rhodamine-conjugated anti-goat IgG antibody. c. f. 

The SCN slices were immunostained with the anti-C aM kinase IV 

antibody fo l1 owed by FITC-conjugated anti-rabbit IgG antibody. 

ス2. Activation ofmPerl Promoter by Ca Tv! Kinase 11 δl 

1 next examined wherther C aM kinase llo was involved in the mP erl expression. 

To confirm the activity of the constitutively-active mutant of C aM kinase IIo 1， 1 

measured the C aM kinase II activity using extracts 合om the transfected ce l1 s. As shown 

in Fig. 3a ， the tota1 activity of CaM kinase 11 increased si 伊 ificantly in the 岡田島cted

cells with C aM kinase IIol and constitutively-active CaM kinase IIol ， as compared to 

those with mock vector. The activities of constitutively-active MEKK ， PKA 、and C aM 

kinase IV were confirmed a1so ， with stimulatory etfects of the SRE promoter for MEKK 

and the CRE promoter for the three protein kinases in NG 108 ・15 cells (F ig. 3b). 

Therefore 、the e百ects of four types of constitutive1y-active protein kinases ， including 

C aM kinase IIol ， C aM kinase IV ，恥1E KK and PKA， on mP erl promoter activity were 

examined in NG 1 08 ・15 ，NB2A and C6 glioma cells using a luciferase repOrter assay 

systemσig. 3c). Ov erexpression of ME KK. and C aM kinase IIo 1 resulted in increases 

in the mPe r1 promoter activity to di 在erent extents among the cells σig. 3c). 
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Fig.3. Effects of overexpression of constitutively active protein kinases on 

activities of SRE or CRE containing promoter and mPerl promoter 

a. NG108 ・15 cell were transfected with control plasmid (Mock) ， C aM 

kinase IIol ， and the active mutant of C aM kinase IIo 1. The extracts 

obtained from 血e 甘ansfected cells were subjected to CaM kinase II 

activity assay in the presence or absence of Ca 2+/C aM. b. NG-108 ・15

cells were co ・transfected wi 出 SRE or CRE containing vectors and 

pRL- TK together with the empty vector (M ock) or individual 

constitutively- active kinase expression vectors. Luciferase activities 

were determined as described in Materials and Methods and expressed 

relative to that of Mock-transfected cells. c. C6 ， NB2A and NG 108-15 

cell were co ・transfected with mPerl complete promoter vector and 

pRL ・TK together with individual constitutively-active kinase expression 

vectors. The data are represented as the mean :!: S.O. for three 

independent experiments. *p く 0.01 compared with the Mock. 

ス3. Cα M Kinase /1 Responsive Region in mPerl Promoter 

To identi 命C aM kinase II-responsive regions in the mP erl promoter ， 1 assessed the 

responsiveness to C aM kinase IIo 1 using truncated promoter constructs. Schematic 

representations of the truncated mP er1 promoter constructs and their luciferase activities 

in NG108 ・15 ce l1 s are shown in Fig. 4a. The luciferase activity of mPer1 ・1848

construct was lost largely ， but that of mP er1・ 1813 construct restored by 80% of the 

complete promoter. The luciferase activities of mP er1 -1721 and mPerl ・1706 then 

decreased gradually. The marked decrease of the luciferase activity of mP erl ・1848

suggested the presence of a negatively re 郡山tory sequence in the region from -1848 to 

-1813 that was masked in the case of complete promoter of mPerl. Significant 
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Fig.4. Relative luciferase activities in the m Perl promoter constructs and CaM 

kinase II responsiveness 

a. Schematic structures of the mP erl promoter constructs and their relative 

luciferasc activities in NG 1 08 ・15 cells. NG 108-15 cells were co ・transfected

with each reporter vectors and pRL- TK. Luciferase activities relative to 

mPerl complete vector (mPerl comp.) are expressed in each column. b. 

Relative Iuciferase activities in NG 108-15 cells co ・甘ansfected with indicated 

promoter constructs together with or without constitutively active C aM kinase 

IIo vector. The data are presented as the mean ~ S.D. for 出ree independent 

experiments. *p< 0.01 versus without Ca 恥1kinase IIo. 

ス-1. 勾feCIS of Cl EBPs and SP-l on mPerl Promofer AClivity 

Because the C aM kinase Il responsive region contains two CCAAT and two 

GC ・box elements ， which are responsive to CABPs and SP-l ， respectively ， we 

investigated whether CABPs and SP-l were involved in CaM kinase Il -induced 

potentiation of mPerl promoter activity by co ・transfecting C厄BPs and SP ・1 into 

NGI08 ・15 cells. Among the CABP family members ， CABPs is a possible 

transcription factor responsible for C aM kinase 11 (Yukawa et a1.， 1998). Transfection 

of C/EBPs had no effects either on the basal promoter activity or on the C aM kinasc 

TT-induced promoter activity using the mPerl ・1813 constructσig. 5). Tn contrast ， SP-l 

caused a significant decrease in the mPerl-1813 construct promoter activity ， and 

co ・回目fection ofC 品II kin ぉe IIol totally abolished the inhibition σig.5). 
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of CaM kinase IIo. The luciferase activities are relative to that of 

mP erl ・1813 vector alone and presented as the mean :!: S.D. for three 

independent experi ments. 

ス5. JcJ， 印刷cation ofC aM Kin ω，'e JJ-Redponsive Regions 

To identify the C aM kinase II-responsive regions ， additional truncated and mutated 

promoter constructs were used for the luciferase promoter assay as shown in Fig. 6. 

Schematic representation of these mP erl promoter constructs and their luciferase 

activities in NG 108-15 cells are shown in Fig. 6A. Consistent with the result in Fig. 5， 

elimination of two CCAAT and one GC-box in the mPerl -1735 construct showed 

essentia l1 y the same stimulatory effect of CaM kinase 11 on the promoter activity as 

shown in Fig. 6a. The result indicated that C aM kinase llo regulated the mPerl 

promoter via the 14 bp 仕om -1735 to ・1720. 1 then searched about the 14 bp 

(5' -GAGGGGCAGGGGCCT-3 ') as binding regions some zinc finger proteins. 

Interestingly ， mutation of 5' -GAGGGG ・3' to デ-GAATTC-3 、at the position ・1735 to 

・1730 totally abolished the C aM kinase IIo-responsiveness in the mP erl promoter 

activity. This results indicated that C aM kinase IIo regulated mPe r1 expression via the 

5' -GAGGGG-3' element on the mP erl promoter region. 
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