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Tém tit

Ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO) la phdn tir phé bién
nhdt trong thé gidi tw nhién. RuBisCO dwoc biét dén nhiéu vi la nhan té quan trong trong
chu trinh Calvin-Benson véi kha ndng xiic tic cé dinh CO2. Sw hién dién cia phdn tir
RuBisCO ¢ rdt nhiéu sinh vat véi nhitng cau hinh khéac nhau cho thdy day cé thé la mét
trong nhitng phdn tir so khai ban dau ton tai ¢ sinh vdt. Ngodi ra gen md héa RuBisCO
ciing khong t6n tai c6 dinh tai mot vi tri ma hién dién tai nhiéu noi trong té bao sinh vit
nhu trong gen cia luc lap hay trong bé gen ciia sinh vt va do dé ciing cho thdy sw da
dang vé phan bé ciia gen nay. RuBisCO c¢6 thé la mét trong nhitng don gen tiém ndng c6
nhiéu iing dung cho nghién citu phdt sinh lodi.

Tir khéa: cdu tric, cdy phdt sinh lodi, phén logi
Ribulose-1,5-bisphosphate carboxylase/oxygenase, RuBisCO

Abstract

THE STRUCTURE, CLASSIFICATION, AND APPLICATIONS OF RIBULOSE-1,5-

BISPHOSPHATE CARBOXYLASE/OXYGENASE (RUBISCO) IN PHYLOGENY

One of the most abundant proteins on Earth is ribulose-1,5-bisphosphate
carboxylase/oxygenase (RuBisCO). RuBisCO is a crucial enzyme for CO> fixation in the
autotrophic Calvin-Benson cycle. Several structural and functional forms of RuBisCO
exist. In addition, the localization, operon structure, and number of gene copies of
RuBisCO vary between autotrophic organisms. Overall, it suggests that RuBisCO could
be a candidate for phylogeny analysis due to the variety of organisms it contains.

1. Pit van dé

Ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO) la mot protein quan
trong tham gia vao chu trinh ¢ dinh CO, (chu trinh Calvin-Benson). RuBisCO xlc tac
qué trinh thém mot nguyén tir carbon tir CO2 c6 trong khong khi vao duong ribulose 1,5-
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bisphosphate (ddy 1a phan tir dudng c6 nim nguyén tir carbon) dé hinh thanh nén mot
chat trung gian c6 sdu nguyén tir carbon. Chit trung gian nidy mau chéng bi phan ra dé
hinh thanh nén hai phan tir 3-phosphoglycerate. Cac san phdm nay sau d6 lai tiép tuc duoc
bién d6i dé tham gia tiép vao chu trinh Calvin-Benson. Sau ba chu trinh ¢ dinh ba phan
tir CO2 vao ba phan tir duong ribulose 1,5-bisphosphate thi mot phan tir phosphoglycerate
duogc san sinh va duoc sir dung trong qua trinh sinh tong hop cua té bao.

Ngoai kha ning ¢ dinh carbon, RuBisCO con tham gia xtic tic phan tmg oxygenase
v6i sy hién dién cua oxy. Phan tmg oxygenase ndy cit ribulose bisphosphate thanh
phosphoglycolic va phosphoglyceric acids. Chinh sy da dung ctia enzyme nay trong phan
g ¢ dinh carbon va phan tmg oxygenase ma né dugc goi tén nhu duoc néu & trén.

RuBisCO la mét trong nhitng protein phd bién nhat va dugc tim hiéu ddy du nhat trong
s6 11 enzyme tham gia vao chu trinh Calvin-Benson. Ciu tao ctia protein RuBisCO bao gom
hai loai tiéu phan gan két lai véi nhau. Tiéu phan 16n c6 kich thude vao khoang 55 kDa do
gen rbcL & lap thé ma hoa. Tiéu phan nhé c6 kich thudc nhé hon khoang 13 kDa va do gen
trong nhan cua té bao ma hoa. Ciu tric hoan thién cua phéan tir RuBisCO bao gém 8 chudi
16n va 8 chudi nho hop thanh va tao thanh phan tir ¢ kich thudc khoang 540 kDa.

Trong tu nhién, cac bdo cio cho théy c¢6 nhiéu dang phan t&r RuBisCO, hi¢n tai c6
bdn dang phan tir chinh da dwoc tim thdy va duoc nghién ctru chirc nang. Nhin chung,
khong phai tat ca cac dang RuBisCO déu mang cting mot chirc nang. Van dé nay s& dugc
ban luan & phan sau. Sy da dang ciia RuBisCO cho phép chung ta nghi dén day la phan
tr ¢6 vai trd quan trong va dugc tién hoa nhiéu trong cac sinh vat dé giap sinh vat phat
trién. Chinh vi thé nén ching ciing c6 thé mang nhitng déu an di truyén khac nhau giira
cac sinh vat du dé gitp cac nha khoa hoc str dung su khac biét nay cho viéc xay dung su
phat sinh loai. Trong bai bao cdo nay ching t6i s& cung thao luan vé tinh kha dung cta
gen ma héa RuBisCO, cy thé 1a gen ma hoa tiéu phan 16n cia RuBisCO (rbcL) trong
nghién ciru di truyén tién hoa phat sinh loai.

2. Cac dang céu tric ciia RuBisCO

Nhu da néi ¢ trén, c6 bdn dang RuBisCO di dugc tim hiéu day du vé ciu chuc va
chirc nang. So lugc cé thé thay rang, RuBisCO dang I va II (Form I va Form II) tuy c6
khac nhau vé cdu tric va hoat tinh nhung déu 1a nhitng dang chinh tham gia vao chu trinh
Calvin-Benson. Dang III ctia RuBisCO dugc tim thiy ¢ c6 khuan (archaea) nhung chtrc
nang chwa duoc biét nhiéu. Dang IV ciia RuBisCO con dugc biét véi tén goi 1a RuBisCO-
liked protein (protein gidng RuBisCO). O dang nay, RuBisCO khong c6 kha ning tham
gia vao ¢ dinh CO; trong chu trinh Calvin-Benson nhung protein nay cé thé tham gia
qua trinh chuyén héa huyét thanh dé dap tmg lai su cang thang oxy hoa (oxidative stress).

2.1. Dang mgt (I) ciia RuBisCO

Dang I (RuBisCO Form I) 14 dang ph6 bién nhit ctia protein RuBisCO va 1a dang
chinh & sinh vét quang dudng. CAu tao chinh cua dang nay la tam tiéu phan 16n (L) két
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hop v6i tam tiéu phan nho (S) dé hinh thanh nén phan tir RuBisCO c6 hoat tinh (dang
Hexadecamer LsSg) v6i trong lwong phan tir khoang 550 kDa (Tabita, 1988). Tiéu phan
16n cia RuBisCO 1a tiéu phan c6 hoat tinh xtc tac, trong khi dé tiéu phan nhé khong co
hoat tinh nay. Tuy nhién, cac nghién ctru cho thiy rang hoat tinh xtc tac cua tiéu phan
16n tang cao hon nhiéu khi ¢ tiéu phan nho tham gia. Piéu nay c6 thé giai thich 1a do
tiéu phan nho d3 gian tiép lam cho cdu hinh cua trung tAm xuc tac cta phan tir protein
RuBisCO duoc thuan loi hon khi tiéu phan nho hién dién (Hansen va nnk., 1999; Kellogg
va nnk., 1997). Tiéu phan nho c6 rat nhiéu khac biét vé trinh tu nucleotide va trinh tir
amino acid giita cac sinh vat khac nhau. Trong khi d6 tiéu phan 16n c6 rat it thay doi giira
cac sinh vat va duoc xem 13 ¢ sy bao ton cao gitra cac sinh vat (Paoli va nnk., 1995).
Chinh yéu t6 dugc bao ton cao ctia gen ma hoa tiéu phan 16n nén n6 dugc tmg dung 1am
dau chi phan tir dé dinh danh va xac dinh ciy phat sinh loai trong nghién ctru tién hoéa.
2.2. Dang hai (Il) ciia RuBisCO

Dang II ctia RuBisCO c6 sy khéac biét hoan toan so véi dang 1 & nhiéu khia canh.
Tiéu phan chinh c4u tao nén dang II 13 sy dong gop duy nhit cua tiéu phan 16n (Ln). Dang
I cia RuBisCO ¢6 tam tiéu phan 16n két hop voi tam tiéu phan nho, tuy nhién & dang II
thi s6 lwong ctia tiéu phan 16n khong cb dinh ma dao dong tir hai dén tam tiéu phan tiy
thudc vao sinh vat. Pon vi xuc tac cho hoat dong ciia RuBisCO ¢ dang I va II khac nhau
vé mit sinh hoa va ca vé mat mién dich hoc. Khi so sanh su tuong déng trinh tu, cac
nghién ctru cho thay dang I va II chi c6 khoang 25% dén 30% twong dong vé trinh tyr
amino acid (Tabita, 1988). Tuy nhién, cling phai nhin nhan ring tuy su twong dong vé
trinh ty chung khong cao nhung su twong déng vé trinh ty & mot s6 ving quan trong lai
dugc bao ton. Cac ving bao ton nay thudng tap trung ¢ trung tim xuc tac ctia phan tir
RuBisCO (Schneider va nnk., 1990). Diéu ndy mét phan ciing giai thich cho sy da dang
vé& cAu hinh ctia phan tir RuBisCO nhung van dam bao duge hoat tinh xtc tac clia ching
1a do su bdo toan cua trung tam xuc tac.

RuBisCo dang II duoc phan 1ap lan dau tién tir vi khuan Rhodospirillum rubrum
(Tabita va nnk., 1974) va sau d6 dugc pham lap ¢ nhidu vi khuan khac. Mot thoi gian rat
lau, cac nha khoa hoc tin ré‘mg RuBisCO dang II 1a dang biéu hién duy nhét & vi khuén
Rhodobacter, nhung nhitng phat hién sau d6 cho thay ddy la dang kha phd bién vi duogc
phat hién trén nhiéu vi sinh vat khac. Diém dic biét 1a gen ma héa cho tiéu phan 16n cdu
tao nén RuBisCO nidm hoan toan trong bd gen ctia nhiéu vi khuan (¢ thuc vat, gen ma
hoa tiéu phan 16n ndm trong lap thé).

2.3. Dang ba (I11l) ciia RuBisCO

RuBisCO dang III hay con ¢6 tén RuBisCO c6 khuan (archaeal RuBisCO) 1a dang
duogc tim thdy dau tién ¢ nhiing sinh vat c6 wa mudi (Rajagopalan va nnk., 1994) va sau
d6 duogc tim thdy & cd sinh vat ua nhiét (Hugler va nnk., 2003). Cac nghién ctru duoc tién
hanh cho dén ngay nay déu cho thdy RuBisCO la emzyme xuc tac cho qua trinh c¢b dinh
COz. Tuy nhién, & ¢6 sinh vat mic du khong st dung con duong ¢ dinh CO2 theo chu
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trinh Calvin-Benson nhung céc gen ma héa cho RuBisCO véan dugc tim thiy. Dang chi
¥ 1a khi tién hanh nghién ctru chirc ning protein do gen ma héa RuBisCO & c6 sinh vat
tao ra thi déu cho thiy cac protein nay c6 day ti cac hoat tinh cia RuBisCO (Ezaki va
nnk., 1999; Watson va nnk., 1999).

Nghién ctru cay phat sinh loai dya trén trinh ty amino acid cho thay rang RuBisCO
dang III duoc phan vao nhom khac véi dang I va II. O dang II1, chi c6 tiéu phan 16n cdu
tao nén RuBisCO va gen ma hoa cho tiéu phan nho khong duoc tim thiy & bat ky dau
trong hé gen cua vi khuan cd. Phén tich tinh twong dong vé trinh tu cho thdy RuBisCO
dang I1I ¢6 sy twong ddng 50% so v&i dang I va II, nhung ving trinh tu & trung tim xuc
tac phan tng lai dugc bao ton cao giita ca ba dang (Watson va nnk., 1999).

Nghién cuu trén ¢ vinh vat vé vai trd cua RuBisCO van chua duoc xac dinh cu
thé. O mot sb sinh vat c6 c¢6 sy ton tai ctia gin nhu cac gen ma héa cho cac emzyme hay
co chét can thiét dé sinh vét sir dung ¢6 dinh CO2 trong chu trinh Calvin-Benson. Tuy
nhién, viéc thiéu di mot s6 gen ma hoa cho co chét can thiét cho chu trinh Calvin-Benson
cho thiy vai tro cia RuBisCO & ¢6 vi khuan 1a rat dic biét va can dugc nghién ctru thém
(Finn va nnk., 2003). Nghién ciru vé mit tién hoa cho thiy RuBisCO dugc phat hién & co
sinh vat, duoc xem nhu sinh vat ¢d xua nhat trén trai dat nén rat co thé day la mot trong
nhitng enzyme dau tién xuat hién trong thoi ky tién oxy ctia qua trinh tién héa.

2.4. Dang bén (IV) ciia RuBisCO

Phan tir RuBisCO dang IV con ¢6 tén 1a protein gidng RuBisCO (RuBisCO-like
proteins - RLP). Gen ma hoa cho RLP duoc tim thiy khi cac nha khoa hoc giai ma bo gen
ctia vi khuan luu huynh xanh Chlorobaculum tepidum, protein ndy c6 ciu trac rat twong
dong véi cau triic ciia RuBisCO nhung lai khong ¢6 kha nang ¢d dinh CO2 nhur RuBisCO
(Hanson va nnk., 2001)

RLP c¢6 sy da dang rat cao vé ciu trac. Phan tich su tuong d@)ng v& trinh tu amino
acid gitra cac RLP cho théy sy dao dong rat 16n tir 25% dén 60%. Sy da dang vé trinh tu
cia RLP mot phan nao giai thich cho nhiéu vai trd chirc nang khac nhau ma RLP dam
nhén trong ty nhién. No6i cach khac, tuy vao diéu kién tu nhién ma sinh vat sinh séng s€
quyét dinh chirc ning cu thé cua RLP (Hanson va nnk., 2003).

O cac dang khac ciia RuBisCO trung tim xuc tac luén duoc bao ton, c¢6 nghia 13 it
hodc khong c6 su thay ddi trinh ty amino acid tai ddy. Nhung v6i RLP thi trung tAm xtc
tac lai c6 nhiéu thay d6i. Trong s6 19 vi tri amino acid ¢ trung tam xtic tac thi c6 dén 10
su thay d6i vi tri &@ Chlorobaculum, 8 su thay ddi ¢ B. subtilis va 4 su thay d6i & A. fulgidus
(Hanson va nnk., 2001). Trung tim xtc tac dong vai trd 1a noi nhan gin két chuyén biét
véi mot co chit nao do, vi du & RuBisCO 1a ribulose 1,5-bisphosphate nén voi sy thay
d6i nhiéu amino acid trong trung tim nay thi RuBisCO khéng c6 kha nang dé gin ribulose
1,5-bisphosphate. Py 13 nguyén nhan giai thich cho sy mét kha ning xtc tac cb dinh
COz2 cua RuBisCO dang IV. Nhiing chtrc nang khac cia RLP dang dugc nghién ctu &
cac sinh vat khac nhau.
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3. Sip xép cdu tric va vi tri ciia gen RuBisCO

Su sdp xép cac gen ma hoa cho tiéu phan 16n va nhé ciia RuBisCO dang I ¢6 su khac
nhau & cac sinh vat. O sinh vat thudc nganh Proteobacteria, thuong quan sat thdy c6 mot cau
tric operon trong d6 bao gdm gen mé hoa tiéu phan 16n, tiéu phan nhé cia RuBisCO va cac
gen ma hoa cho cac enzyme lién quan khéc trong con duong Calvin-Benson, ciing nhu cac
gen didu hoa lién quan khac. Dé d& phan biét thi thuong cac gen lién quan trong operon nay
s& dugc gén tién td cbb trude tén gen vi du tén gen cta tiéu phan 16n 1a cbbL, tiéu phan nho
1a cbbS. O vi khudn cyanobacteria va thuc vat, hé operon ma hoa cho RuBisCO dang I khong
c6 chira cac gen cdu triic mi hoa cho cac enzyme ctia chu trinh Calvin-Benson ma chi ¢6 duy
nhét gen ma hoa cho tiéu phan 16n va nho. Bé phan biét thi khong c6 tién td truoc tén gen.
Tiéu phan 16n co tén rbcL va tiéu phan nhé c¢6 tén rbeS. Nhitng gen ma hoa cho RuBisCO
dang II ludn duoc sip xép vao trong mot operon nén cé tén cbbM (Tabita va nnk., 1992).

4. Phat sinh loai dua trén RuBisCO

Nghién ctru phat sinh loai dua trén so sanh trinh ty ctia mot s6 gen duoc bao ton
cao dd chimg minh c6 tinh tng dung thuc tién 16n. Mot sé gen thudng duoc st dung nhu
16S, 23S rRNA, hay tufA ctia nhan t6 kéo dai dich ma EF-Tu, atpB mé hoa cho H*-
ATPase subunit 3, rpoC1 ma héa RNA polymerase subunit '. Tuy nhién, viéc st dung
cac gen trén dé xay dung nghién ciru phét sinh loai van con nhiéu van dé can giai dap.
Mot vi du nhu dugc trinh bay trong bai tong hop ciia Tuorova va cong su cho thy rang
bang cach sir dung cac trinh tuy gen noi trén déu cho thay lap thé co ngudn gdc tir vi khuan
lam cyanobacteria va c6 thé c6 chung mot to tién. Tuy nhién khi sir dung trinh tu
RuBisCO thi két qua lai khong cho thiy sy trong dong vai cac gen trén.

Mac du trinh tu ribosome dugc sir dung rat phé bién cho nghién ctru phat sinh loai
& prokaryote, nhung su tién hoa ctia gen ribosome (mot gen don) c6 phan anh toan bd qué
trinh tién hoa ctia bd gen khong van con 1a nghi van. Trong diéu kién 1y tuong, viéc so
sanh toan bd bd gen cua sinh vat s€ cho théy dugc dd chinh xac cao hon trong nghién ctru
phat sinh loai so véi khi tién hanh trén timg gen don. Tuy nhién cho dén nay van chua c6
dir liéu dé tién hanh dénh gia trén toan bd bo gen. Do do, viée sir dung nhiéu gen don
(khong c¢6 quan hé twong tac voi nhau) dé nghién ciru su phat sinh loai van dang 1a mot
giai phap cho dén ngay nay va trong d6 gen RuBisCO véi sy bao ton cao va hién dién &
nhiéu sinh vat dugc xem 1a mot trong nhirng tng vién cho nghién ctru phat sinh 10ai.

5. Két luan

Su hién dién rong rai cua RuBisCO trong tu nhién & nhiéu sinh vat cling nhu sy
phan bd gen méa héa RuBisCO dugc phan tan ¢ nhiéu bao quan cho thiy rang RuBisCO
6 thé da co su tién hoa tir rit sém tir cac sinh vat c6 dai cho dén cac sinh vat c6 td chic
phirc tap nhu da biét hién nay. Gen ma hoa cho RuBisCO ciing dugc bao ton tét va nhitng
nghién ctru cho thiy rang sir dung gen ma hoa RuBisCO c6 nhiéu ing dung trong phan
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loai phat sinh loai dya trén sinh hoc phan ti. Vi¢c &p dung phan loai dya trén nhiéu don
gen khac nhau s€ gitip cho nghién ctru phat sinh loai ngay cang hoan thién hon vi ching
gitp loai bo nhitng han ché c6 thé c6 khi chi sir dung mot dau chi sinh hoc duy nhit.
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