K %

FAL (2 4y )

¥R F T

AL G- A AF

PN G DA

LG S H

0

i 3 A EE

/

JNG 52

i (F)

AR5 1734 &

VR 26429 H 29 H

SRR A Sk AR R K

AL HR I B 6 5% 5 1 TH A% Y

Molecular evolution of cytochrome P450 in vertebrates: rapid
turnover of the detoxification—type and conservation of the

biosynthesis—type
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Summary of thesis contents

In this thesis, | aim to elucidate the birth and death processes of vertebrate
Cytochrome P450 (CYP) genes to understand the evolution of human CYPs. Members
of the CYP family encode important metabolic enzymes that are present in all
metazoans. Genes for CYP form a multi-gene family, and the number of genes varies
widely among species. The enzymes are classified as either biosynthesis- (B-type) or
detoxification-type (D-type), depending on their substrates, but their origin and
evolution have not been fully understood. In order to elucidate the birth and death
process of CYP genes, | performed a phylogenetic analysis of 710 sequences obtained
from 14 vertebrate genome databases and 543 sequences from 6 invertebrate genome
databases. My results showed that vertebrate D-type genes have independently
emerged three times from B-type genes and that invertebrate D-type genes so far
characterized differ from vertebrates in their origins. B-type genes exhibit more
conserved evolutionary processes than do D-type genes, with regard to the rate of
gene duplication, pseudogenization, and amino acid substitution. The differences in
the evolutionary mode between B- and D-type genes may reflect differences in their
respective function. The phylogenetic tree also revealed 11 clans comprising an upper
category to families in the CYP nomenclature. Here, | report novel clan-specific
amino acids that may be used for the qualitative definition of clans.

This is the first report about evolutionary mode on CYP genes in vertebrates
and the novelties of this research are the following three points. They are described in
Chapter 3:

1) The difference in the evolutionary mode between B- and D-types was shown
quantitatively. Especially, | estimated the time and rate of gene duplications and
pseudogenization or losses by comparing genome sequences.

2) The origin of B-type genes has been believed to be ancient. On the other hand, the
origin of D- type is only known to be a duplication of B-type. | showed that
vertebrate D-type genes have emerged three times from three different B-type genes,
and invertebrate D-type genes so far confirmed appear to have an independent
origin from vertebrae D-type genes.

3) The clan has been defined as an upper category of families in metazoan and plant
CYP genes. | showed a clan-specific amino acids and this information is useful for
qualitative classification of CYP clans.

According to the results, the evolutionary rates were different between B- and D-types

significantly. The birth and death (pseudogenization) rates of B- and D-type genes

differed in magnitude: the rates in B-type genes were 0.7 and 0.2 per 100 myr,
respectively, whereas those in D-type genes were 12.7 and 6.9 per 100 myr,
respectively. Compared with D-type genes, the evolution of B-type genes was highly



(GekR= 2)
(Separate Form 2)

conserved with regard to their mode of birth and death processes as well as amino acid
substitutions. The substrates of B-type enzymes are chemicals that play important
roles in metabolism of vitamin D, steroids, and cholesterol. In contrast, the substrates
of D-type enzymes are xenobiotics such as plant alkaloids. In light of this substrate
specificity, | hypothesize that the conserved evolutionary pattern observed in B-type
enzymes reflects the importance and conservation of their substrates, whereas the
rapid evolution of D-type enzymes indicates that their substrates are flexible and
highly dependent on environmental factors.

In addition to the above issues, | also performed the analysis of CYP

pseudogenes in the human genome. CYP is thought that it evolved with adapting to the
environment habitat. The pseudogenization is the important aspect of the evolutionary
process of multi-genes. Among the presence of 58 CYP pseudogenes in humans, four
human specific CYP pseudogenes have been reported, but there is no study about the
rest of 54 pseudogenes. | also unveiled the cause of pseudogenization or time of
pseudogenization of all human CYP pseudogenes.
In Chapter 4, | discussed the evolutionary mode of CYP genes in vertebrates.
Especially, | focused on the evolutionary mode of CYP genes that is driven by
substrate specificity. The metabolism of chemicals is the one of the systems
responding to the environment. Organisms have many systems for chemical
metabolism with adapting the intake of chemical materials. CYPs are one of the
important components of these mechanisms and they are indispensable enzymes not
only in the human but also in the almost all organisms. They work in the liver of wild
animals as a main enzyme to metabolize some alkaloids, which is involved in many
wild plants. On the other hand, CYPs metabolize not only alkaloids from plants but
also medicines in modern humans. Modern humans become to use many medicines for
the treatment of disease quite recently in the evolutionary process of humans. These
medicines were made by testing for mice or macaques as model animals instead of
humans. Model animals are used for the confirmation of safety in the most study on
CYP metabolism for medicine until now. However, because humans and other model
animals diverged a long time ago, and each species evolved in each way until now, it
is necessary to confirm and reexamine these findings of model animals in humans
directly and also necessary to understand the metabolic system in humans and to apply
the result of the study based on model animals, Their evolutionary background must
be different between humans and model animals. To understand their difference, we
should know their evolutionary background that is inscribed in the genome of each
species. These information is including when and how evolved each species and these
information cannot be obtained from the direct examination on model animals.
Therefore | tried to elucidate the metabolic systems of chemicals in humans by using
evolutionary point of view.
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Cytochrome P450 (CYP) &4y 500 7 X / g3k Hpk | 450nm O3 Rk TR & — 27
EETADTORBTHD, KELKD2ODF A FICHEENS, 1) EENICEYIAE
NI T NV In A4 FeRE - ET 28 WRBERERLIL2bD0 (DXA7), 2) A
TaA RELECREODABIEEMEOAGKICEET 52D (B A7), CYP #=2—

K4 2i#EEFIE, ZEREGFEEZEKRL THWDEI, EWiElLoRE THEx 2ERREDOLE
BIZHEWNZ R L TETWS, ZOREIZLIDEEZLNLTWVAEN, WO, P X%
AL L TEZDONIZOWTIIARF 2 S AL,

AL CIE, CYP BT oL S boElN T a2 ZH LT 5 HMT,
HFHeEhY), WMEMEBY ., BROEIERS T — 2 2 H 072y F 8RR BT 27725 O
Thd, mLICRREINTZ T OOHEOMFTEREBEZEUTICRT,

1) BHEIWICBITS DX A FCYPEEFOEJFE LN : 57 F CYP Eis 05 1E
MENTDTRENOEBEA TN DX A TOIRENR DL & IBOM LAY

NCTHDHZ ENRBEINT, THEEY 710 {80 CYP Bz FIZE S W= Rk 5 CYP #

N 10D clan I b Z & bR ES LT,
2) FHEEh Y L B HEEI Y D CYP S T DWEMENT : B ¥ 4 I oW TIXHFMHEITYM O Z 1
ETHNORENPNRETHIEBLIAEIZIFE-TETHDLIOICX L, DXA FIZOWVWTITHFHEESHY O
HEALOBRE CEGFEECRENEHEEICA L W EN RSN, EHHEHY 543
DEEFOHRIT LY. BEATD D XA THRIRAE - HE LIZERITH 13 EE[T - 6 E4F
AiCHY . Haghyo HBLET, BEBEOHBEUEKE THD Z ERRBINT,
3)ﬁ%@%kﬁﬁﬁﬁw@D&%fcwﬁﬁ%@t%ktm-ﬁ%%%&%%ﬁ%%m
TR DX A TOBEBTIREETLIN, TNETNOREICHEIGL TMYICATTELZLD
EEZLNT,
4)%%@% BUI2LBXATEDHAT CYP#EaT OEBELE KK : birth and death 7' 2
DEBEETEERE, RE BEEFESHEBICAEALTE I ERRBR I, FFiC
birth and death 7 vt 2D HE Z ki35 &, EHE, BELEFHLoVwTicEBTH, D#
ATDOHFNBEATEVHEIEXTWDHAZERHALNER ST,
5) B b4 AIZBITDH CYP DY 7 AKX —:1p (CYP4), 7q (CYP3A) . 10q (CYP2C) .
19p (CYP4F), 19q (CYP2) O 525DV 7 AKX —N{FETDH Z BRI Tz,
6) B¥ATFTLDEATCYPHBLEFIZOWVWT 17O Moz F+D 5> b, 3N B X
A7, BEANRDXATTHY, £DHH CYP2G2P (it MERM R AEIZ T TH - T,
1)BEATLDEATCYPEBEFOHFHEAEHEEIZONT : BEREDOB XA FHBLUD
2 ATDhHEILFRMBHT LD, BXATOHFND XA 7 X 0BRGN RNZ &R
X,

PLE ok 2 22 AL 72 ReE K 0 | D&%i@%mi$W%m%®%%“f%w AR
BRI U CHINMICHEL L CE DIzt LB X2 A 7OREIZERNBEROHETH Y |
AERNOEFEEZRL RN LEMLBTEHINZ RS EXZTICRENICELRLL T 2K
L TWADOTIEARWNEERL TS, ZHIZCYPELRFEMILOEELRMRATH D,
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LB~ X500, AEEGHCICIEZHROEBEZFMAPEKVIAETNTEY . KinLix
L (B) 2+ Jﬂﬁﬁ“é%@Ta‘bé EHIWT L7z, ek, THHEESY L EFHEBDM O CYP
BT ORI EENL : SRR EHEZRT 5D XA T ERGFHRB XA 7 IZHEET D
SIE VHEE R Z EHEA L LT AN S EERFAINGE TH 5 PLOSONE ICHEHF A TH 5,
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NEIRFRES TIL, CYPDRH., T HLFZORMBNTEREZOBRIZOVT, AE LR
SXONFIZIR>TERBENITONT, FriZ, B¥ A 7 LDE A TOMET L0, BX A 70
DX A TOIREBRG N V7L L B3AOMIS LA R MZEDZ EEHLMNICT LA
B A 7 IXHFEMID AR TCENENOERRAET HEBEFENZE-ETHLIDICL.D
A TIIEMBYOENLOBE CEB TEECKRINEHEEICAEL T, BEIZIELT
WIS EL L CE 2 2R LERREIETAYV T T 4 —DEWIFZE & S 7z,
BEIZHBWTIX, CYPO AR R ML RGMR . DI ER, BX A 7 ED¥ A T OFERMNT

DEBIN R ENT=N, TNHICH LHMERISEZIT) 2N TE T,

DFE.;&F'EJT&L FEEBOEMSLa A v MIHfEICHIE Lz, Frlc, TR, BH HE B
W RO KREGFEERY T —% 2T O CYPEIE T ORI & 2oLy
TrERAERALNIL, ZLOEELRMAER/-ELEBIC, EBEFIZEZ DO EEFV,
2L DEZEToTVOIMIEEBENL, SHROWROFREDOAIRENEEZ >R H 2 LN TE
72

FERICHE LTI, FEA2EHEE L LG XA EGMNEEESICHBE I TV D A,
AL ORFEEFEZIZILD, EERBPELTHRIZENINLTND EWVI Anb, BERWE
I <z,

U EOBANSL, JNIBEZE S AIFRAIRE KRR R PSR PR ofRE L (BE)
&LTODE#%‘:E‘E?‘_LTKD AR GICHIE LW S ST,



