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NGHIEN C(rU CAU TRUC PROTEIN CYTOCHROME P450C21
(CYP21A2) O DOT BIEN TREN NGU'Ol BENH TANG SAN
THUONG THAN BAM SINH

Lé B4c Viét*; Nguyén Kim Thoa*; Nguyén Huy Hoang*

TOM TAT

Cytochrome P450c21 (CYP21A2) la mét loai enzym thiét yéu tham gia vao qua trinh sinh tbng hop
steroid hormon tuyén thwong than. Suy gidam hoat tinh CYP21A2 (21-hydroxylase) dan dén hién twong
tich Iy céc tién chét trung gian, t d6 gay bénh ting san thwong than bam sinh (TSTTBS). Hon 90%
trwdng hop méc TSTTBS la do dét bién trén gen CYP21A2. Trong nghién clru nay, chang t6i st dung
phan mém tin sinh hoc d& phan tich c4u truc khéng gian 3D protein nhdm hiéu ré hon vé anh huwéng
clia dot bién diém I1&n cAu tric va chirc nang ctia CYP21A2. Két quéa gép phan cho huéng nghién ciru
dot bién anh hwéng cau tric 3D protein lién quan téi ngudi bénh co biéu hién TSTTBS.

* T khoa: Téng san thwong than bam sinh; Protein cytochrome P450C21; CAu tric.

MODELING STRUCTURE INVESTIGATION OF CYTOCHROME
P450C21 (CYP21A2) PROTEIN IN MISSENSE MUTATIONS ON
CONGENITAL ADRENAL HYPERPLASIA PATIENTS

SUMMARY

Cytochrome P450c21 (CYP21A2) is an essential enzyme participating in biosynthesis pathway
of adrenal gland steroid hormone. 21-hydroxylase deficiency leads to accumulating intermediate
precursors, which causes congenital adrenal hyperplasia (TSTTBS) disease. More than 90% cases
of TSTTBS originate in CYP21A2 mutations. In this study, we utilized bioinformatic softwares to
analyze modelling of three-dimension (3D) structures of CYP21A2 protein in order to understand
much more about effects of missense mutations on functional structure of the CYP21A2. The
obtained results will contribute in investigation trend of mutation affecting on protein 3D structure
relating with patients who have signs of congenital adrenal hyperplasia.

* Key words: Congenital adrenal hyperplasia; Cytochrome P450C21 (CYP21Az2) protein; Structure.

DAT VAN BE carbonhydrate, lipid va lién quan dén biét hoa

gi¢i tinh. CYP21A2 dong mét vai tro quan trong

Tuyén thwong than tiét ra 3 loai steroid  trong qua trinh chuyén hoa steroid hormon
hormon d6 |a mineralocorticoid, glucocorticoid  tuyén thwong than cung véi 5 loai enzym
va androgen. Chung c6 vai trd can bang nwéc,  thiét yéu khac 1a CYP11A1, CYP17, CYP11B1,
mudi, tr d6 diéu tiét chuyén hoa protein, CYP11B2 va 3p-hydroxylase. Gen CYP21A2

* Vién Khoa hoc va Céng nghé Viét Nam
Chiju trach nhiém néi dung khoa hoc: PGS. TS. Tran Vin Khoa
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nam trén nhiém séc thé 6g21, gébm 10 exon
ma hoa cho 21-hydroxylase co tac dung xuc
tac cho phan (rng chuyén hoéa progesterone
va 17-hydroxyprogesterone lan lwot thanh
11-deoxycorticosterone va 11-deoxycortisol,
v&i san pham cudi cung la mineralocorticoid
va glucocorticoid. Thiéu hut 21-hydroxylase
sé dan dén hién twong cac tién chat khoéng
dwoc chuyén héa hodc chuyén hoéa khong
hoan toan, dan dén & dong lai khién lwong
glucocortticoid va mineralocorticoid khéng
duwoc tao thanh hoac thép hon so v&i binh
thwong, khi dé lwgng androgen tang cao
gay ra TSTTBS. TSTTBS la mét bénh di
truyén, bao gdbm mét nhém céc rdi loan tinh
trang lan trong qua trinh sinh téng hop steroid
hormon tuyén thwong than. Trong ching
toc ngwoi Tay Au, 90 - 95% céc trudng hop
mac TSTTBS c6 nguyén nhan bat ngudn ti
thiéu hut 21-hydroxylase do dét bién trén
gen CYP21A2 |am suy gidm hodc lam mét
hoat tinh enzym [1]. Cac nghién ctu vé céu
tric protein cia cytochrome P450 dau tién
tv vi khudn nhw CYP119 tir Sulfolobus
solphataricus va CYP51 & Mycobacterium
tuberculosis [2], tiép theo nghién ctu &
dong thyc vat va ngudi nhw CYP11B1 va
CYP11B2 & nguoi [3].

Cac phat hién dot bién trén gen CYP21
& nguoi bénh TSTTBS da dwgc nghién clru
nhiéu. Tuy nhién, nghién ctru vé céu trac 3D
cla dot bién nay van con han ché. Chinh vi
vay, chung té6i dwa ra m6é hinh mé phdng
céu trac khéng gian 3D cla CYP21A2 va
anh hwéng cla dot bién diém t&i céu tric
va chlrc nang cia CYP21A2.

NGUYEN LIEU VA PHUONG PHAP
NGHIEN CUU

1. Nguyén liéu nghién ctru.

Chudi trinh tw amino axit ctia 21-hydroxylase
dwoc 13y truc tiép vé tir website http://www.

ensembl.org va.http:/mww.rcsb.org/pdb/home/h
ome.do. Tién hanh nghién ctu céc trinh tw
amino axit CYP21A2 clia ngwoi va bo (PDB
id 3QZ1) [4].

DPAu tién, trinh tw amino axit cia CYP2B4
tr thd (PDB id 1SUQ) dwoc st dung lam
khuén mau cho viéc xay dwng md hinh khéng
gian 3D CYP21A2 & nguwdi [5]. Thém vao do,
tién hanh phan tich nhitng viing bao tha va
nhan biét co chat cdia P450 dwa trén trinh
tw cla 2 loai P450 & nguwoi da duwoc cong
b tir trwdc la CYP2C8 va CYP2C9 (PDB id
1PQ2 va 10G5). CYP17 ciing dwgc st dung
so sanh v&i ly do P450 nay da dwoc nghién
ctru vé lién két gitra cAu tric va chirc nang.

2. Phwong phap nghién ctru.

Pé tién hanh so sanh, trinh tw amino axit
cta loai P450 da néu & trén dwoc dua lén
phan mém so sanh trinh ty trwc tuyén
ClustalW2.(http://www.ebi.ac.uk/Tools/msa/
clustalw2/). Tiép theo, dwa vao két qua xac
dinh cac dang céu tric (motif) da biét tw
trwéc ciia CYP2B4 [5] dé dw doan vung cau
trdc a-helix va B-sheet cia CYP21A2. Cac
vung nhan biét co' chét (subtrate recognized
site-SRS) duwoc cong bd trwéc tir CYP2CS8 va
CYP2C9 dé dw doan ving SRS ctia CYP21A2
& ngudi va bo. Cudi cung, dwa vao két qua
tr nhitng budc lam & trén, tim thdy vang
bao tha trén trinh tw amino axit cia P450,
cac vung bao thd nay phai dam bao do
twong déng cao gitra nhivng P450 vé&i nhau.

Sau khi so sanh trinh tw amino axit nham
xac dinh ving cu truc cla CYP21A2, st
dung phan mém tin sinh hoc spdbv 4.10
va ViewerLite 4.2 d& mdé phéng céu truc
va phan tich &nh hwéng cta doét bién lén
21-hydroxylase.
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KET QUA NGHIEN CU’U VA BAN LUAN

1.S0 sanh trinh tw amino axit.

< A helix >
hCYP2C8 MAKKTSSKGKLPPGPTPERIIG-NMEQIDVKDICKSETNFSKVM 43
hCYP2C9 MAKKTSSKGR-PPGPTPERVIG-NIEQIGIKDISKSETNESKVM 42
103 22— MAKKTSSKGKLPPGPSPEBVEG-NLEQMDRKGHLRSELRERERN 43
bCYP21A2  ------em-| MVLAGLLLLLTLLAGAHLLWGRWKLRNLHEPPEVPGFEHLLQPNEPIHELSETQHL 56
hCYP21A2  ------—-| MLLLGLLLLLPLLAGARLLWNWWKLRSLHERPEAPGFEHLLQPDEPIYELGETQHRF 56

hCYP17 MWELVALLLLTLAYLFWPKRRCPGAKYPKSLLSERLVGSLPFLPRHGHMHNNEFKEQKEM 60

< SRSl >
B, B, B helix B <

hcYP2cs  BPYETVYFEMNPIVNIFHGYEAVKERBIDNGEEESGRGNSPISQRITKGLGIISS--NGKR 101
hCYP2c9  EPYETIYFGEKPINMEHG YEAVKEANDLGEEESGRGIFPLAERANRGFGIVFS--NGKK 100
[CYP2B4  EDVETVYEGSRPYAMECGTDAIREAEVDQAEAESBRGKIAVVDPIFQGYGVIFA--NGER 101
bCYP21A2  BPUYRIREGEQEVAMINSKRTIEEAVMIRKWYVDEABRPQIPSYKLVSQRCQDISLGDYSLL 116
hCYP21A2  [EPIYREHEGHEQDVAMINSKRTIEEEMVKKWADEABRPEPLTYKLVSRNYPDLSLGDYSLL 116
hcYP17 BEIYSVRMETKTTHIVGHHQLAKEVEIKKGKDESEBRPQMATLDIASNNRKGIAFADSGAH 120

Chelix > < D helix > < E helix

hCYP2C8 WKEIRRFSLTTERNFGMBKRSIEDREQEEAHCEVEEBRKTKASBCDPTFILGCAPCNMIE 161
hCYP2C9 WKEIRRFSLMTERNFGMEBKREIEDREQEEARCEVEEERKTKASBCDPTFILGCAPCNMIE 160
rCYP2B4 WRALRRFSLATMRDFGMEBKREVEERIQEEARCEVEEBRKSKGALLDNTLLFHSITSNIE 161
bCYP21A2 IWEAHKKLTRSABLLG--TRSEMEPWEIDQLTQEFCERMRVQAGABVTIQKEFSLLTCSHE 174
hCYP21A2 IWEAHKKLTRSABLLG--IRDEVMEPVEEQLTQEFCERMEBAQPGTRVAIEEEFSLLTCSIE 174
hCYP17 W QLHRRLAMATFALFKDBDQKLEKIICQEISTECDMBATHNGQSIDISFPVFVAVTNEIS 180

< SRS2 > < SRS3
> < Fhelix > Fhelix Ghelix <

hCYP2C8  SVVEQKREDYKBQNFELTLMKRFNENFRILNSPIMIQVCNNEPLLIDCEBG-HNKVLKNVA 220
hCYP2C9 SIEHKRFDYKBQQFELNLMEKLNENIEILSSPIMIQVYNNEPALED YEPG-THNKELKNVA 219
rCYP2B4 SIVEGKRFDYKBPVELRLLDLFFQSFSLISSFEEQVFELESGFIK YEBG-THRQIYRNLQ 220
bCYP21A2  YLTEGN---KEDTLVHAFHDCVQDLMKTWDHINEIQILDMVPFERFEENPGLWREKQAIE 230
hCYP21A2  YLTEGDKI--KBDNEMPAYYKCIQEVLKTWSHIMEIQIVDVIPFIRFEBNPGLRREKQAIE 232
hCYP17 LICENTSYKNGBPELNVIQN---YNEGIIDNLEKDSLVDLVPWEKIEBNKELEKEKSHVK 237

> <SRS4

G helix > < H helix > <

hCYP2C8 LTRSYIREKVKEHQASEDVNNPRBFIBCFEIKMEQE-----KDNQ-KSEFNIENLVGIMA 274
hCYP2C9 FMKSYILEKVKEBQESMDMNNPQBFIBCFEMKMEKE--—-KHNQ-PSEFTIESLEN[IAN 273
rCYP2B4 EINTFIGQSVEKERATEDPSNPRBFIBV YELRMEKD-----KSDP-SSEFHHQNLILTHL 274
bCYP21A2 NRDHMVEKQLRREKEEMVAGQWRBMTEYMEQGVGRQ-—-RVEEGPGQLLEGHVHM S 285
hCYP21A2  KRDHIVEMQLRQEKESEVAGQWRBVVEYMEQGVAQP-—--SMEEGSGQLLEGHVHMARM 287
hCYP17 IRNDLLNKILENYKEKFRSDSITNMLBTLMQAKMNSDNGNAGPDQDSELLSDNHILTIG 297

I helix >< Jhelix > J <

hCYP2C8 DEEVAGTIERIS TIERYGLLLEEKHPEMTAKVEEEIBHV IBRHRSE---CMQBRSHMBYTD 331
hCYP2C9 DEFGAGTEMIS TIER YALLLBEKHPEMTAKV@EEIERVIGRNRSE---CMQBRSHMEBYTD 330
rCYP2B4 SEEFESIEINS TIERYGFLEMEKYPHETERVEKEIEQVIESHRPE---ALDBREAKMEYTD 331
bCYP21A2 DB CENEN A S SWAVAFEHAPEIQRELBEELBRELEPGASCSRVTYKBRERLEBLLN 345
hCYP21A2 BiL CERERANIESWAYVFEHAPEIQQRLBEELBHELBPGABSSRVP YKBREARLELLN 347
hCYP17 D EEAEVEmTSV VKW TLAFEEHNPQEKKKLYEEIBQNVEFSRTE---TISBRNRLLLLE 354

< SRS5 >

K helix > Bs B, K

hCYP2C8 BVVHE QRN SDLVPTGVPHAVETDTKFRNNLIBKGTTIMALETSVLEBDKEFPNENIEDE 391
hCYP2C9 BEVVHENQRN DLLPTSEPHAVIECDIKFRNYLIBKGTTILISETSVLEBNKEFPNBEMEDHE 390
rCYP2B4 BVIHEQREGDLIPFGVPHTVEKDTQFRGNVIPKNTEVFBVESSHALHBPRYFETENTENE 391
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bCYP21A2
hCYP21A2
hCYP17

K’ <
hCYP2C8
hCYP2C9
rCYP2B4
bCYP21A2
hCYP21A2
hCYP17

L helix > Bs L

< SRS6 >
Bs

hCYP2C8
hCYP2C9
rCYP2B4
bCYP21A2
hCYP21A2
hCYP17

NTTAV-TKGIVSLPPSY@BICFIPVHHHH-------—

DTTRBV-VNGFASVPPFYBLCFIPVHHHH---------
DETPR-ESGVGNVPPSYBIRFLARHHHH---------

SEQPDPYCGVNLKVQPF@VRLQPRGVEAGAWESASAQ 496

SEQPLPHCSVILKMQPF@VRLQPRG--MGAHSPGQSQ 495
SEEGIPKVVFLIDSFKVKIKVRQAWREAQAEGST--- 508

BTIABNLBERPVVPLABPER TERPSSIFGYDIPEEMVVIENEQGEHLBE TVWEQPHEERE 405
BATIAENLRERPVVRLAEPHR TERPSSISGNDIREGTVIIENEQGEHLBETVWERRBHERWHE 407
BTIREVLRERPVABMLIBEKANVDSSIGEFAVDRGTEVIINEWALHENEKEWHQBDQEME 414

GHEEDKNB--NFKKSDYEMPESABKRIGAGEGIAR VENEN - TIBENENEKSVDDLKNL 449
HHEEDEGE--NFKKSKYFMPESAGKRIEVEEANAG VENEN IS B@NENEKSLVDPKNL 448
GHEIDANE--ALKRNEGEMPES LGKRICEGE G |88 TENEN I TIB@NESIASPVPPEDI 449
DREBEPG---ANPSALAEGCEARVEEGE SR EBEV\ BARLIBAETILPPPVGALP 459
DREBEPG----KNSRALAEGCEARVEIGErIAR EREV VIR LUIBAETELPS-GDALP 460
ERBINPABTOQLISPSVSYLPEGAGPRSEGE IARQEREN VAW LE@REDEEVPDDGQLP 474

Hinh 1: So sanh trinh tw lién két amino axit cla cac loai cytochrome P450.

Mau den bdi dam la amino axit giéng
nhau tuyét dbi gitra cac cytochrome P450.
Mau den bdi nhat la amino axit c6 dé twong
déng thadp hon. Cac amino axit in dam thudc
cAu tric xoan a-helix. Phan gach chan Ia
céu truc gap nép B-sheet. H: ngwoi (human),
B: bo (bovine), R: thé (rabbit). SRS: vang nhan
biét co chat (subtrate recognition site).

Chung toi biéu dién lién két trinh tw ciu
tric amino axit cia CYP21A2 & nguwoi va
bo véi 3 loai protein P450 c6 d6 twong
ddng vé trinh tw va sén co trén div liéu
PBD. Ngoai ra, dwa thém CYP17 vao trong
phan so sanh trinh tw lién k&t amino axit
v&i ly do mét vai théng tin vé céu truc chie
ndng cla enzym nay da dwoc cong bd tw
trwéc dé [6]. So sanh trinh ty amino axit
cla 6 loai protein hCYP2C8, hCYP2C9,
hCY17, rCYP2B4, bCYP21 va hCYP21A2
néi trén (hinh 1). M6 hinh cla protein
CYP21 c6 dbéi nét gibng véi cau trdc cua
P450 khac, dac biét CYP2B4 c6 dbé twong

ddng gan véi CYP21A2 nhét. Chinh vi vay,
cau tric md phong ctia CYP21A2 dwa vao
céu tric CYP2B4 dé dwa ra cac vung cau
trac xoén a, gap nép B, vung bao thi va
vung nhan biét co chét.

Duwa vao so sanh trinh tw amino axit nhw
trén, chung toi thdy CYP21 cling c6 cu tric
nhw mot P450 dién hinh, bao gdm céu truc
xo0an a-helix va gap nép B-sheet. Cu thé,
CYP21A2 bao gébm 12 ving xoén a-helix
gibng nhw hau hét cac loai P450 da dwoc
nghién ctu trwdc day. Tuy nhién, protein
nay chi gdbm 2 nhém gép nép B-sheet voi
6 chudi gap nép thay vi 4 nhém gép nép
B-sheet v&i 10 chudi gap nép nhuw nhirng
loai P450 khac. Bén canh do6, chung toi
ciling xac dinh dwoc 6 viung nhan biét co
chét cung vé&i vung bao tha bao gém céu
truc xoén a sau: D, E, I, L, J va K. Viéc tim
ra chinh xac nhitng vung céu tric cua
CYP21 c6 y nghia rat quan trong trong dw
doan anh hwéng cla dot bién véi ly do
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diém dot bién xdy ra & mdi ving cau tric
khac nhau sé cé nhirng anh huwdng khac
nhau Ién hoat tinh ciia enzym.

2. M hinh céu triic CYP21A2 & ngui.

Sau khi da so sanh trinh tw amino axit
clia P450 khac nhau, tién hanh phan tich
mé hinh khéng gian 3D cla CYP21 véi
khudn mau (template) 1a mé hinh CYP21A2
& bo da dwoc Zhao va CS xay dwng thanh
cong [4]. Mdé hinh clu tric co ban cla

protein nay dwoc thé hién & hinh 2.A.

B

Hinh 2: Hinh mau c4u tric phan tl protein
CYP21A2. CAu truc khong gian ctia CYP21
& bod cé twong ddng gitra trinh tw amino axit
lén dén 79% so v&i cau tric & ngudi. A.
Protein gdm 12 doan xoan a-helix ky hiéu
tv A dén L, dang gap nép B-sheet (phan
sang goc dudi bén trai). B. Sy thay dbi vé
cu tric clia amino axit khi xay ra dét bién.
Nhan heme nhdm & chinh gitra hinh.

Dwa theo cAu trGc bac hai nay, nhirng
dot bién thay dbi amino axit nam & vj tri
codon twong ddng gitka protein cla ngudi
va bd da dwoc tim thdy trén gen CYP21A2.
S& dung phan mém spdbv 4.10, nhiing
diém dot bién trwc tiép tao ra bang cach
thay dbi amino axit mong muén trén cu
tric khéng gian 3D (hinh 2B). Tw day,
nhirtng thay déi vé& lién két ciu tric gitra
amino axit s& dwoc tébng hop lai d& dua
ra dw doan ban diu v& anh huwéng cia
dot bién 1&n hoat tinh 21-hydroxylase. Bénh
canh do, protein P450 déu chra mot nhan
heme & chinh gitra co lién két cdng hda tri
voi cystein. Nhém cystein nay cé tinh bao
tha rat cao trong P450, trong dd, Cys428
doéng vai tro lién két véi nhan heme trong
CYP21A2.

Trong nghién ctru nay, tim thay 14 dot
bién diém thay ddi amino axit t nhing
coéng bd trwéc day dwoc dwa vao nghién
ctu. Trong d6, dot bién G291S, Q481P,
P482S, T295N va L167P tim théy & bénh
nhan & thé bénh nang, cé biéu hién mét
mudi [7]. Nguyén nhan la G291 va T295
nam trén xoan I|-helix thudc ving SRS4, con
P167 ndm & E-helix, déu nam trong vung
bado thi cia CYP21 nén rat d& anh hwéng
dén céu trac va lam gidm hodc mét hoat
tinh enzym. Trong khi Q481P va P482S c6
cAu truc lién két cau ndi hydro thay déi hoan
toan so v&i binh thweng, cé thé gay anh

18



TAP CHI Y - DUQC HQC QUAN SU SO CHUYEN PE KC.10 NAM 2012

hwéng Ién 1én hoat tinh 21-hydroxylase.
thé bénh nam héa, dot bién 1172N, P463L
dwoc ghi nhan [8]. 1172 nadm trén E-helix
thuéc vung bao thl ctia P450, con P463
nam trong ving nhan biét co chat (SRS6)
nén ciing phu hop vaéi kiéu hinh cia bénh
nhan. O dang bénh nhe thé khéng cb dién,
P453S, R483Q va R224Q la ba dot bién
gay kiéu hinh nay [9]. Biéu nay dwoc ly giai
Ia do cd 2 dot bién P453S, R483Q déu
khéng ndm trén bat ky vung clu tric nao
cta CYP21A2, con R224Q nam trén G-helix
lai cach xa trung tdm hoat déng nén chung
chi ¢ thé gay anh hwéng nhé dén hoat tinh
enzym, gay ra thé bénh nhe. Ngoai ra, trong
sb6 nhirng dét bién da théng ké, 3 dot bién
chwa lién két véi kiéu hinh clia bénh nhan,
do la G291R, P459H va K121Q [10]. Dya
vao ciu tric khéng gian cla CYP21A2,
ching téi dwa ra nhitng dy doan vé kiéu
hinh va m&rc 6 anh hwéng cta ba dét bién
nay. Dau tién, K121 ndm trén C-helix, gan
véi nhan heme nén gay kiéu hinh bénh
nang 1a mat mudi va lam suy gidm dang ké
hoat tinh 21-hydroxylase. Déi v&i dét bién
th& hai, P459 khéng nam trén bat cl ving
cAu tric nao nén né chi gay thé bénh khong
cd dién va anh hwéng it dén hoat tinh
enzym. Cubi cung, G291 ndm trén I-helix,
nén gibng nhw T295N, sé lam gidm nhiéu
hoat tinh enzym gay thé bénh nang la méat
mudi hodc nam hoa.
KET LUAN

Chung téi @& mo6 phéng dwoc céu tric
CYP21A dwa vao cau trac cia CYP2C8 &
ngudi, CYP2C9 & ngudi, CYP2B4 & th,
CYP21 & bod va CYP17 & ngudi. Bwéc dau
da phan tich dwoc 14 dot bién diém thay
ddi amino axit trén CYP21 lién quan t&i
bénh TSTTBS. Cac nghién clru nay nham
hiéu sau hon vé céu truc clia CYP21A2 &
nguwoi, tr dé6 dwa ra huwdng phan tich cac

dot bién dwa trén cau tric 3D cla bénh
TSTTBS.
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