High-pressure cell
Fluorometer

Pump Pressure gauge

Quartz inner cell
Sample

Fluorescence

| Pump

Cold water

Silicon gum

Fig. 2-1. High-pressure measurement system. (A) Component of high-pressure
measurement system. A high-pressure cell is set in a fluorometer. High-
pressure is generated with a hand pump. (B) A high-pressure cell. A sample is
put in the quartz inner cell. High-pressure generated with the pump is conveyed
by the water medium. The water medium pushes up the silicon gum and the
sample in the inner cell is compressed. The whole cell is cooled with cold
water.
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Fig. 2-2. Effects of pressure on actin polymerization. (A) Half-time to steady
state in polymerization of actin. (B) Critical concentration of actin at various
pressures. (C) Volume change (8V) associated with polymerization of actin at

various pressures. Symbols are as follows: C. yaquinae (®); C. armatus (0),
Chicken (®); carp (Q); C. acrolepis (W). Values are means + S.D. of four
independent experiments. Errors for several experiments are too small to show
error bars.
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C.acrolepis-1 TTGGGTCTT TCTCTCTCCA AGCCGCAGAC ACTCACCTAA GAAAGCCATC
C.acrolepis-2a TTAC... GT..... GAT CC..CGGAG. TAC..A..G. AT...T..A.
C.cinereus-1 Gevewnnnn
C.cinereus-2a ..T..A.
C.armatus-2a T CC..CGGAG. TAC..A..G. AT...T..A.
C.armatus—2b et e ittt e Go.o.. T..
C.yaquinae-2a T CC..CGGAG. TAC..A..G. AT...T..A.
C.yaquinae-2b e e et e Goon.. T..
START 50
C.acrolepis-1 ATGTGTGACG ATGAGGAGAC TACCGCCCTT GTGTGCGACA ACGGCTCCGG
C.acrolepis-2a .....eou.. .C..A..... Covvnnnn C it it e i
(O o 37 oY= o =1 = P
C.cinereus—2a  ....eeeo.. .C..A..... Cuovennn C e ettt et et
C.armatus-2a ...cenean. .C..A..... Covnnnn C i it iiie i et i e
C.armatus—2D .t it et e et et e e
C.yaquinae-2a  .......... .C..A ... Covinnennn C ittt ettt e
C.yaquinae—2b it it e e e eet teeaeeeaee teeeaaaan.
100
C.acrolepis-1 CCTGGTGAAG GCTGGGTTCG CCGGAGACGA TGCCCCCAGG GCTGTCTTCC
C.acrolepis-2a ...C...... ..... Conee iiiiiieee C..A...... Covnnn
C.cIneretus—1 @ ..ttt ittt aae e eeeeaee eeeeeeete e
C.cinereus-2a  ...C...... ..... RN C..A...... Covnen.
C.armatus-2a  ...C.i.uivee cuenn Coven tiiiiinnn. C..A...... Coiiaa..
C.armatus—2b @ . ..C.i.i.iiin ittt ceeeaan T CotGuvinnn tiiiaaenn
C.yaquinae-2a  ...C...... «.... Covin e iiiieaann C..A...... B o
C.yaquinae-2b  ...C...... «.iiiiiinee coenenn R
150
C.acrolepis-1 CCTCCATCGT CGGCCGCCCC CGTCACCAGG GTGTCATGGT CGGTATGGGT
C.acrolepis—-2a .A....iieie wevennnns R Covin G..C..... G
C.CINereusS=1 @ ..ttt te ittt teeeaeae treetaeeen teeeaaaean
C.cinereus-2a .A......ce ecueeneenn T e e e e Coienn.. G..C..... G
C.armatus-2a 2 A T eeiiienn R N G..C..... G
C.armatus-2b BB e et ettt et et seeeaeaan A..C..... G
C.yaquinae-2a BA........ ceeenenns S B G..C..... G
C.yaquinae—2b A.. ...t ittt e et e e s A..C..... G
200
C.acrolepis-1 CAGAAAGACT CCTACGTCGG CGACGAGGCC CAGAGCAAGA GAGGTATCTT
C.acrolepis-2a ..... Geven tiennn G i e it et e C.
C.cinereus-1  ..... Gat it it ittt eeeieeanee e esaseeee eereeeaea
C.cinereus-2a ..... Gevew wevennn Gt ittt e G...... C.
C.armatus-2a  ..... Gevee i Gt ittt ieee teeeeeeens .G..C...C.
C.armatus-2b  ..... Geeer tinnns CG s et tieas teeeeeaaan Gooo.. C.
C.yaquinae-2a ..... Govin tevnnnn Get ittt e .G..C...C.
C.yaquinae-2b ..... Geviie wennnnn N A. .G...... cC.

. 250
C.acrolepis-1 GACTCTTAAG TACCCCATTG AGCACGGCAT CATCACCAAC TGGGACGACA
C.acrolepis-2a ...C..C... ........ e it i i s et e
C.Cineretus—1 @ .ttt ettt ettt teeeiaaaee e
C.clinereus-2a LCouConl iii i C o ittt ete et et et
C.armatus-2a LL.Co.Coih iiia., Gt ittt ettt ettt eeieeaaan
C.armatus-2b B O I T e ee e i
C.yaguinae-2a L.ClCiin il e it i i ettt e e
C.yaguinae-2b B R PN T teiiinienn

Fig. 2-3. Comparison of cDNA nucleotide sequences encoding a-actin 1, o-
actin 2a and a-actin 2b. The dot indicates an identical nucleotide with that
of C. acrolepis a-actin 1. 5' primer-2, 3, 5' primer-4, 5 and polyadenylation
signals are indicated by red, blue and boldfaced letters, respectively. These
sequences are available from the DDBJ/EMBL/GenBank databases. The
accession numbers are AB021649, AB021650, AB021651, AB021652,
AB086240, AB086241, AB086242, and AB086242 from the top.



300
C.acrolepis-1 TGGAGAAGAT CTGGCACCAC ACCTTCTACA ATGAGCTGCG CGTGGCCCCC

C.acrolepis=—2a ...uiuiiint tiiaiiie et Covvnn Toverennns
C.cinerels—1 ...ttt ittt et e e e e
C.CINEYEUS=28 ¢t enenn teemnnenne teeeeennns O
C.armatus-2a ettt ee e e aeeees e Coinna.. Teveeennn
C.armatus-2b ...ttt e it e i it e
C.yaquinae—2a . .i.uiiieeen wuetianaat e Covnnna.. I
C.yaquinae-2b ..... ... it e B
350
C.acrolepis-1 GAGGAGCACC CCACCCTGCT CACTGAGGCC CCCCTGAACC CCAAGGCTAA
C.acrolepis-2a ....cuieue cueinennn. B Covin vieiann cC..
C.CInereus—1 @ ittt e et e e e
C.CINEXreUuS—2a wuiuewnerne wueenennn. B N Teeee ieeenns C..
C.armatus—-2a  «..eiennne cuaan Teveeo voChiiinnn .. Covee vinnnn. C..
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C.yaquinae-2a ....eieees cenenaaan- B Covir tiinen. C..
C.yaquinae-2b .. iiiiiet e iet et e eaeaee e Choves ieeeiiaean
400
C.acrolepis~1 CCGTGAAAAG ATGACCCAGA TCATGTTTGA GACCTTCAAC GTCCCCGCCA
C.acrolepis-2a .A.G..G... titverinne arnennnn Cov iiiiiiinn oGl
C.cinereus-1  ......iiue tiiiannnn. ettt e et e eeeeeeane e
C.cinereus-2a .A.G..G... i uruenne tuneunen Cov i [
C.armatus-2a ALGL .G i s i it e e e e e Cuoe tiiieienn R
C.armatus-2b ALLL.Gool oL A e e e [
C.yaquinae-2a .A.G..G... tuiiiiunnn wuuewnn Cov iiiiiiaa Gel e
C.yaquinae-2b .A....G... ..... A e i e e Gl
450
C.acrolepis-1 TGTATGTGGC CATCCAGGCT GTGCTGTCCC TGTACGCTTC CGGCCGTACC
C.acrolepis-2a ....Coviir vunevnnnn C i e e Cov iiiiieeaen
C.CINETEUS =1 ittt ittt te teeeeen e et et e e
C.cinereus-2a ....C..iii teviennn. C it e e e Ce i et
C.armatus-2a e Cliiis o C it e e Cuov iiiieiee
C.armatus-2b  .......... S C...
C.yagquinae-2a ....C..... ..cionon... C i e e Cov viiiiiin
C.yaquinae-2b ....... L N ...A..C...
500
C.acrolepis~1 ACCGGTATTG TGCTGGATGC TGGTGATGGT GTCACCCACA ACGTCCCAGT
C.ac¢rolepis-2a ..T..... Co vieennn CT. C..... Cove «.Goon... e .G..G..
C.CInerelus—1 @ ittt ettt et et e e
C.cinereus-2a ..T..... C. o CT. C..... C... ..G....... ee..G..G.
C.armatus-2a R C. oo CT. C..... C... ..G....... ce..G..G..
C.armatus-2b LCTe . C.o i CT. C..G..C... ..G..... T. ....G..G..
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600
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C.CINEreUS =1 ittt it ittt e e e e e e
C.cinereus-2a .C........ Coveenenns LCeia . R G ...C..A...
C.armatus-2a Co i Covvn.. LColi e Clilal ...C..A...
C.armatus-2b  .......... Covvnnnn L.Colla.. [ O ALG. .G
C.yaquinae-2a .C........ Covvvinnn LCelllL. .. Cllll ...C..AL..
C.yaquinae-2b ....G..... C..A...... D ALGoL e

Fig. 2-3. Continued.
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C.acrolepis-1 TCTTTCGTTA CCACCGCCGA GCGTGAGATC GTGCGCGACA TCAAGGAGAA

C.acrolepis-2a ..C..... ot ittt ittt ittt heee e i treeee e
C.cinereus~1  .....iiiiee teniennnnn ettt et eeeeeeaaee seeseeaaan
C.cinereus-2a ..C..... Cr it et it tee tet it teee teeeeaeee e A..
C.armatus-2a ..Conl Co viiiiennn T
C.armatus-2b  ........ Gt i ittt it s ittt e et e
C.yaquinae-2a ..C..... Co it B €
C.yaquinae-2b AG...... ot it i et ettt et e e e
700
C.acrolepis-1 GCTGTGCTAT GTGGCTCTGG ACTTCGAGAA CGAGATGGCC ACCGCCGCCT
C.acrolepis-2a ......... O A i,
[T 8 o = = 1=t
C.cinereus-2a ......... O A i
C.armatus-2a  .....cu.. O Y G .o,
C.armatus-2b  ....ciieee covns Gttt ettt e G ... G.
C.yaquinae-2a ......... O G tiiieee
C.yaquinae-2b .......... ..... Gt e ettt eeeaaaaan G tivinnn T.
750
C.acrolepis-1 CCTCCTCCTC CCTGGAGAAG AGCTACGAGC TTCCCGACGG TCAGGTCATC
C.aCrolePisS=—2a .cuueeeene eevnanenne cunan €
C.cinereus-1 .. ... .i.iiie tinennnn A e et ee e et e e e
C.CINETEUS=28 v v eeuune teeeeennas snnennsnannn R
C.armatus—2a @ @i ittt ceetee e e R
C.armatus-2b  ....... L R
C.yagquinae=2a ... .eiiiin ittt e B
C.yaquinae-2b ....... Ao, i Tl G i e e
800
C.acrolepis-1 ACCATAGGAA ACGAGCGTTT CCGTTGCCCT GAGACCCTCT TCCAGCCTTC
C.acrolepis-2a ..... C..C. ....... G.. ...C..... C i v cC..
C.cinereus-1  ..... Pt
C.cinereus-2a ..... C..C. ....... C.. ...C..... C e e e e C..
C.armatus-2a  ..... C..C. ... C.. ...C..... C et ie ittt i C..
C.armatus-2b  ........ C.o o O
C.yaquinae-2a ..... c..C. ....A..C.. ...C..... C i i C..
C.yaquinae-2b ........ C. ... C.n G i i i i e e
850
C.acrolepis-1 CTTCATCGGA ATGGAGTCCG CCGGTATCCA TGAGACCGCC TACAACAGCA
C.acrolepis-2a ......... C e T. ....C..... Gttt it ii e i
C.CInereus=1 @ ...ttt et et et e e
C.cinereus-2a ......... C ieevnan. T. ....C..... Coat et iieee eeeneeeaan
C.armatus-2a  «...eoo.. C iiiiiie. c...Colll. Gt et it i ie e
C.armatus-2b  ......... T e it et e et e et et eeees et et
C.yaquinae-2a ......... C oveiinennn ce..Coll. Cin et iieee te et
C.yaquinae-2b ......... S Ge et ettt ettt e
900
C.acrolepis-1 TCATGAAGTG CGACATTGAC ATCCGCAAGG ACCTGTACGC CAACAACGTG
C.acrolepis-2a .....cceeve vuevnn. ottt e e e e e e e
C.CInereUS=1 ittt it ittt e e et et et e tee e
C.CINereuUS=2a vuueeeeeee ooeean C et e et e e it ettt e
C.armatus—2a  c.iiiiiarer eaeenn C et e e i et e e e et e eee e
C.armatus-2b  ...... ... ..., C oot ittt et iee et tee e T
C.yaquinae-2a .....ueeeee coanan et e et i et e e e
C.yaguinae-2b .......... ...... ottt e e e e
950
C.acrolepis-1 CTCTCCGGTG GTACCACCAT GTACCCTGGT ATTGCTGACC GTATGCAGAA
C.acrolepis-2a ..G..... O Coeian.a
C.cinereus—1 @ ...t e e e e e e e et e et e e
C.cinereus-2a ..G..... O .Colal.. Cooiia...
C.armatus-2a L.Gaa... O C... ..Coon... [ N
C.armatus-2b P O
C.yaquinae-2a ..G..... C. .Cooiiiiie oo C... ..C.oono.. Coveei
C.yaquinae—=2b . .G...iiit teiiiiine veennn G... ..C..C...v oo

Fig. 2-3. Continued.
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Fig. 2-4. Molecular phylogentic tree constructed by neighbor-

NN\

Medaka p-actin

joining method based on nucleotide sequences in the coding
regions of actin cDNA from various species. Numbers at internal
branches denote the bootstrap percentages of 1000 replicates. The
scale indicates the evolutionary distance of the base substitution per
site, estimated by the Kimura two-parameter method. The Medaka
[-actin gene was used as the outgroup gene. Asterisks indicate the
cDNAs that were cloned in this study.
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Fig. 2-5. The structure of the actin bound to ATP and Ca”. Blue sticks
and a greenball represent ATP and Ca™, respectively. (A) Ribbon
drawing of actin (Kabsch et al., 1990). The substitutions found in this
study are colored red. (B) Environment of ATP and Ca* bound to the
actin. GIn-137 and Ser-155 are represented by ball and stick. Atoms C,
O and N are colored grey, red and purple, respectively. Images A and B
are created using MOLSCRIPT (Kraulis, 1991). (C) Schematic drawing
for interactions of ATP with actin and Ca™ (Kabsch et al., 1990).
Distances between atoms are given in A. Amino acids of actin are
specified near the circular segment in the left part of the drawing from a
pocket covering the adenine.
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Fig. 2-5. Continued.
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Fig. 2-6. Northern blot analysis and quantification of actin isoform mRNAs.

(A) Northern blot analysis of C. acrolepis and C. cinereus a-skeletal actin
isoform mRNA. The ethidium bromide-stained gels show 28S and 18S rRNA
(lower panel), and the separated RNA bands were blotted onto nylon
membranes and hybridized with the specific probe for a.-skeletal actin 1 and -

skeletal actin 2a (upper panel). (B) RT-PCR analysis for the actin genes from
C. armatus, C. yaquinae and C. acrolepis. Numbers indicate the ratios of actin
2b to actin 2a for C. armatus and C. yaquinae, and actin 1 to actin 2a for C.
acrolepis.
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Fig. 2-7. Quantification of actin isoforms. Two-dimensional
electrophoretic patterns of actin from C. yaquinae,C. armatus
and C. acrolepis .
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Fig. 2-8. Amino acid sequences of Coryphaenoides actin 1. Symbols # and +
represent the binding sites to other actin monomers and myosin, respectively.
Amino acid residues constructing subdomains 1,2, 3 and 4 are indicated by red,
blue, green and orange characters, respectively.
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Fig. 3-1. Logarithmic plots of the dissociation rate constant of Ca™ (A)
and ATP (B) in actin at various pressures. Symbols are as follows:
abyssal C. yaquinae (®); abyssal C. armatus (0); chicken (4); carp
(Q); non-abyssal C. acrolepis (B). Values are means = S.D. of four

independent experiments. Errors for all experiments are too small to
show error bars.
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Fig. 3-2. The positions of tryptophan residues in G-actin.
Tryptophan residues at 79, 86, 340, and 356 are colored by red.
Blue bars indicate ATP, and a green ball does Ca.
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Fig. 3-3. Effects of pressures from 0.1 MPa to 60 MPa on the intrinsic
tryptophan fluorescence spectrum of Ca*-G-actins. Symbols are as
follows: abyssal C. yaquinae (®); abyssal C. armatus (0); chicken

(®); carp (Q); non-abyssal C. acrolepis (R).
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Fig. 3-4. Effects of pressures on the DNasel inhibition activity of G-
actin. The experiments for each actin were performed at the same
ratios of actin/DNasel at every pressure. Values are means + S.D. of
four independent experiments.
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Fig. 3-5. Sequences of structurally conserved regions of actin related
superfamily members (Hurley, 1996). The hexokinase sequence is numbered
according to the translated gene sequence of yeast hexokinase B. The alignment
is based solely on three-dimensional structural equivalence. Only regions that
are equivalent structurally in all four proteins are shown. Red residues are
either identical in all sequences or have structurally equivalent roles in the
nucleotide binding site.
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