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Change of Alanine Racemase Gene through the Evolution Process from Chlamydomonas to Volvox
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Abstract: The unicellular green alga Chlamydomonas and its multicellular relatives can be arranged in a conceptual linecage
sequence; Chlamydomonas, Gonium, Pandorina, Eudorina, and Volvox. These algae are well suited for the investigation of the
evolution of multicellularity. We found that D-alanine had no inhibitory effect on growth of the green algae, except Volvox. Partially
purified alanine racemase of Chlamydomonas augasta exhibited almost the same properties as that of C. reinhardtii, whereas that of
Gonium exhibited different substrate specificity and molecular mass from that of C. reinhardtii. PCR analysis using the sequence of

alanine racemase gene from C. reinhardtii indicated that no homologous gene existed in the genomes of C. augasta and Gonium.

1. HAY

Volvox B DikielY, WA CEIET D Chlamydomonas J&D>0>, Gonium J&, Pandorina J&, Eudorina J&, Pleodorina
JBZRRET, AR 2000 OFHRZTERT D Volvox BIZHE(LLTZ LB X BTN D, DivibiuE, Chlamydomonas
reinhardtii (C. reinhardtii ) 73 D-7 7 = Zxt LCitEE R L, 77 =T 8~—BEFF>OZ &, —J, Volvox carteri (V.
carteri) \ZIE D-7 7 = UPER 7202 & &5 R L72 (Amino Acids, 32, 59-62, 2007, Nishimura ef al.).

AWFFETIL, BHAIED Chlamydomonas J& 71> HREARD Volvox JBA~DHALIZHES T, D-7 X /BRI T DIEeT 7 =
VI —BIEENRED X ST L LiznE, 7 A DNA OB{L L TELRTHZ L2 HWE L, Chlamydomonas
augasta (C. augasta), Gonium pectorale (G pectorale), Pandorina morum (P. morum), Eudorina elegans (E. elegans), V. carteri
DOD-TZ=Vitk e 7 I =0 78~ —BER AR, 612 C reinhardtii D7 7 =2 Fv~v—E@Bn1rDra—=7
EATWE DB TR 2T 5 & & bIZ, ZOBIETA, C augasta, G pectorale, V. carteri D77 ) I FIZIFAET D7)
Lo dafgat Lz,

2. Hik

Chlamydomonas J& (C. reinhardtii & C. augasta) & G pectorale |$D-7 7 = % &t TAP Y%, P morum & E. elegans
&V carteri 1L D-T7 T = HETIEHER VAR v 7 AR A VY, E5R A T o7, ZAVENOEEIIIL Z Doy BEL S &
o> THEDBEF R Uiz, 13 00HEHS X 015G b ERlaah ik Haie 7 &= Loyl & A A4 231 F A
rav b7 74— HWTT 7 =0 78~ —EBORMEIT, BEERE L Lo, 2N ENOBROFERE, HKif
pH, WEAFRMAGANT. S OISR VARl T L u~ N 7T 74— L, B FEEOHEEZIToT-.

C. reinhardtii USRI L72 mRNA #8#5 L LT, RT-PCRICE DT 7 =0 T~ —EOMERIE T ORIE 2R
Hriz. ZhZE pUCHISIZHEAL, E. coli IMI09 \ZEA LTz, 155N EEHANS 77 A2 Rahhti L, HEas
ZfRAT LTZ.

WIZ, C. augasta, G pectorale, V. carteri D>57%7 ) 5 DNA 4 L7=. TN DO OO ) A BT C reinhardtii D
7 7 =T t~v—EBE O homologue HMFIET H02E 9 3% PCR ZHWT/HHT L=, £7= C. augasta (2O Tl
C. reinhardtii ®mRNA @ homologue 73MFIET 272 &E 9 73 RT-PCRIC L D 1t a17 - 72.

3. AHRLEL

V. carteri 1%, D-7 7 = GGl ER VAR v 7 AR CIIAET Le o 72Dkt LT, Chlamydomonas J& (C.
reinhardtii & C. augasta) & G pectorale 13 D-7 7 =2 % &Te TAP 55HiHC, P morum & E. elegans |3 D-7 7 = %51
FEUER LR v 7 ZABEIRCRAFCAER L.

C. augasta & G pectorale D> HEEEREI I L, 77 =0 7~ —BIEMEEZTTRER, 18ME 7R L2, C reinhardtii
DR L ENEFNOEZEONEEZ G L2 25, C augasta DEFFRIZITIEIR CHEE 2R U728, G pectorale DEEFR T
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Chlamydomonas JED & D L X B/ MG 2R Uiz, U LOFERNG, Chlamydomonas J& L Gonium J&DFF#EEIT D-7 7 =
KL TER &Y, 77 =0T ~v—BaRoZ &VRSh, F£72, Chlamydomonas J& & Gonium J&@DT 7 =27
v —BITENRH D T LAVRE ST,

120

RT-PCR (2 XY C. reinhardtii 7 7 = 72~ —B AT 2 HiR W C. reinhardtii
L7z, £ 1.3kbp DWTA 2G50, BAFIZMTLIZE 25, 1323 100 :ET (C; thiiizale
bp DA—T ) —F 4 77 L—LRRMERN, 440 FREOT € o N
I/ BAE A= RL TSI ERHLNERoT2. C reinhardtii D g .

50 MERFA FOT T =0T w—E0 mRNA & Hik Lz b - B
=7, AHESRHATIE 913 bp~948 bp A1 LTV = & A3 § w0 |
noTz. F7z, C augasta, G pectorale, V. carteri D7 /) 2 EIZ ol
C. reinhardtii DT 7 = 7 &~ —E &5+ homologue HFLET
BHIE D 3 PCRIZE VT LT=AESR, G pectorale, V. carteri 0
- L-Ala D-Ala L-Ser L-Pro L-A
WIEFE LN EX R SNz, 61T, C augasta RO * a er e P
mRNA % i\ \CT RT-PCR #1T > 7245, C. reinhardtii & [F] UF9 1.3 Fig. 1. Substrate specificity of alanine
kbp DIB{L1-WTF A3 iR S 7z racemase activity
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Fig.2. Optimum pH of alanine racemase activity Fig. 3. Optimum temperature of alanine
racemase activity
4. FL&o

D-7 T =K BMMMENL Pleodrina J&F721% Volvox Jg~EVT 25 L ZATELTWADZ Ebinot=. iz,
Chlamydomonas JED 2 IR U7 7 =0 T~ —EBRIz T EFDOZ &, Gonium F~DHEIPNT T =0 F~v—F
BEAID LB L CWDREEMER S 5 Z RSz,

Table 1. Summarized Data

Chiamydomonas Gonium Pandorina  Eudorina  Volvox
reinhardtii augasta

Cell number /colony 1 1 8-16 32-64 64-128 2000
Tolerance to D-alanine + + + + + -
Substrate specificity ~ D-Ala>>L-Ser D-Ala>L-Ser D-Ala<L-Ser ND. N.D. —
Optimum temperature 45°C 45°C 45°C ND. ND. -
Optimum pH 84 8.6 8.6-8.7 N.D. N.D. -
Molecular mass 91 kDa N.D. 250 kDa N.D. N.D. -
Homologue in genome (5729 bp) - - N.D. N.D. -
Homologue in mRNA (1323 bp) *+ N.D. N.D. N.D. N.D.

N.D. : not determined
5. #iEE
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