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Linh vire k§ thuit dwoe dé cap
Sang ché dé cap dén phuong phéap san xudt CRMig7 ¢6 san lugng cao dugce cai
tién sir dung ching Corynebacterium diphtheriae dugc thiét ké c6 sé lugng ban sao gen

CRM97 tang.

Tinh trang ky thuit cia sang ché

CRM97 12 dang giai doc vé mit di truyén cia doc td bach hau. Mot dot bién & vi
tri 52, thay thé axit glutamic cho glyxin, din dén mét hoat tinh ADP-ribosyltransferaza
ctia ddc td tu nhién. Can c vé mit cu trac ctia CRM 97 dbi véi viéc mét doc tinh da
dugec gii thich va dugc st dung réng rai lam protein van ohuyén cho vacxin lién hop.
CRM,97, nhu doc t6 bach hau, 13 chudi polypeptit don ctia 535 axit amin (58,4 KD) bao
gdm hai tiéu don vi (dugc lién két v6i nhau qua cdu disulfua).

CRM97 dugce st dung lam protein van chuyén & mot sb vacxin lién hop dugc
chip nhén nhu lién hop Haemophilus influenza typ b dugc ban trén thi trudng dudi tén
thuong mai la Hibtiter TM, lién hop pneumococcal polysaccarit hoa tri 13 dugc ban trén
thi truong dudi tén thuong mai PREVNAR 13® va céc san pham tuong tu.

Ruth M. Drew et al., Bacteriol. 1951 Nov; 62(5):549-59; d& boc 10 mdi truong
da duoc xac dinh vé mdt hoa hoc thich hgp dé san xuét ddc td ¢6 chudn do cao va da
néu tém tit cac yéu cdu vé axit amin ctia Corynebacterium diphtheriae, ching Toronto
ctia Park-Williams s6 8. Méi trudng chira axit amin thay thé mét cach c¢6 hiéu qué thanh
phan c6 ngudn gde tir dong vat, tuc 13, cazein hydrolysat. Axit amin bao goém axit
glutamic, Xystin, prolin, tryptophan, leuxin, valin, methionin va glyxin.

Rappuoli et al; Applied and Environmental Microbiology 1983Vol. 46(3):560-
564 da boc 16 rang lysogen kép khong tiép d6i 6n dinh va c6 san luong CRM 97 cao, cao
hon gép ba lan lysogen don.

R Fass. et al., Applied Microbiology and Biotechnology,; April 1995, Volume
43(1): 83-88; da boc 10 phuong phép ting trudng mat do cao dé san xuét doc td bach
héu dugc gy dot bién tir hai ching Corynebacterium diphtheria: C7 (B) (tox-201, tox-
9) va C7 (B)(tox-107). Phuong phép nay bao gom viée st dung moi truong tang trudng
khong dugc khr ferat mang lai su téng trudng vi khuan & mat do cao, va khi két hop voi

su thidu hut glucoza va sit, tang cudng san xuit doc t6. Khong khi giau oxy dugc cung

_2-



41803

chp dé vi khuén c6 thé ting trudng dén mét do té bao co birc xa 1a 70 & 600 nm (15-20
/L khéi luong kho). Nong do doc t 16n & phan ndi méi trwdong nudi cdy 1a 150 mg/l.

Parag P.Nagarkar et al., Journal of Applied Microbiology 2002, 92, 215-220; da
bdc 160 mo hinh sir dung axit amin trong viéc tang truong Corynebacterium diphtheriae
va da cho thiy riang chi bén trong s6 chin axit amin dugc thir nghiém, cu thé 13 xystin,
histidin, aspartat va methionin 13 quan trong cho su ting trudng va san xuat doc tb bdi
Corynebacterium diphtheria.

Patent Chau Au s6 1 849 860 B1 boc 16 viée sir dung nguyén lidu c6 protein cia
ngu6n khong phai dong vat, nhu protein tir ddu nanh, hat bong, khoai tay, v.v, lam thanh
phan mai trudng dé nudi cdy vi khudn gy bénh.

Patent M§ s6 6,962,803 B2 boc 16 phuong phap tinh sach doc t& bach hdu bing
cach 1&n men chiing vi sinh vat c¢6 kha ning san xuat ddc t6 bach hiu, phuong phap nay
bao gém bude thém glucoza vao mdi trudng ting trudng, nhd d6 duy tri duge sy ting
trudng vi sinh vét, hd trg hiéu qud cho viéc san xuét doc td bach hau. Tai liéu nay con
boc 16 rang ngoai ngudn cacbon, con ¢b cac yéu cau dinh dudng t6i thiéu khac cho sy
tang trudng bao gom kim loai vi lugng, phosphat, ngudn nito, thong thuong 13 axit
casamin va chiét xuit nim men.

Cong b6 don sang ché My s6 2011/0097359 A1 boc 16 méi trudng nudi cdy ching
Corynebacterium diphtheriae dé tao ra ham lugng doc t6 bach hau hodc chét tuong tu
clia no, trong d6 moi trudng vé co ban khong chira san phim ¢6 ngudn gde tir dong vat
va chira: nuéc; ngudn carbohydrat; ngudn nito; va mot sb axit amin tw do trong noéng do
ban dau, trong d6 ndng do ban dau ctia mdi axit amin tu do khong gi¢i han mirc san xuét
doc t6 bach hau hoic chit tuong tu cua nd. Tai liéu nay con boc 16 ring ngudn
carbohydrat khong chira glucoza.

WO 2006/100108 Al bdc 16 quy trinh 1én men bao gdm budc nudi ching
Corynebacterium diphtheriae trong moi truomg trong thiét bi 1én men du6i didu kién
khudy trén di dé duy tri méi truong nudi cy ddng nhét va han ché suc khi dé luong
pO2 trong mbi trudng nudi cay thap hon 4% trong toan bd bude 1én men. Tai licu nay
con boc 16 rang pH trong thiét bi 1én men duoc duy tri trong khoang tlr 7,0 dén 7,8 theo
mirc d6 suc khi ma khong doi hoi phai bd sung axit hodc bazo.

Quy trinh CRM97 thudng nhay cam véi sy thay ddi nhé & cac thanh phan cta

quy trinh cling nhu cic théng sé cia quy trinh. Viéc san xudt CRMje7 tur
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Corynebacterium diptheriae dugc thyc hién trén toan ciu mic du ¢ thanh cong han ché
dbi v6i viée thuc hién thuong mai. Khong tai liu nao trong céc tai liéu tham chiéu néu
trén boc 10 phuong phap san xudt CRM97 v6i san lugng cao nhu >150 mg/l st dung
ching Corynebacterium diphtheriae dugc thiét ké. Céac tac gia sang ché da phat trién
mb hinh dong chuyén hoéa dé san xudt CRM197 véi san luong cao st dung ching

Corynebacterium diphtheriae duoc thiét ké.
Ban chit k§ thuit ciia sing ché

Muc tiéu ciia sang ché

Muc tiéu chinh ctia sang ché 13 tim ra quy trinh san xudt CRM 97 v6i ham luong
cao dugc cai tién.

Mot muc tiéu khéc ciia sang ché 13 im ra quy trinh san xuit CRM97 v6i ham
luong cao dugce cai tién ¢c6 hiéu qua kinh té va c6 thé dugc st dung dé san xudt vacxin

lién hop.

Sang ché dé xuét phuong phap san xuat CRMie7 v6i san lugng cao St dung ching
Corynebacterium diphtheriae duge thiét ké c¢6 sé luong ban sao gen CRMio7 tang, trong
d6 phwong phap nay bao gdm bude nudi ching ny trong méi truong 1én men chra mot
hodc nhiéu axit amin va khong chira thanh phan c6 ngudn gbc tir dong vat.

Sang ché dé xuét phuong phap san xudt CRM 97 duoc cai tién, phuong phép nay
bao gdm budc nudi cdy ching Corynebacterium diphtheriae dugce thiét ké c6 sb luong
ban sao gen CRM97 tdng trong mdi truong 1én men khong chtra thanh phan c6 ngudn
gbc tlr dong vét va chira nhidu hon 10 loai axit amin va bd sung chét dinh dudng vao
moi truong.

Sang ché con dé xuat phuong phép san xuét CRM97 dugc cai tién, phuong phép
nay bao gébm budc nudi cdy ching Corynebacterium diphtheriae duge thiét ké c6 sd
lwong ban sao gen CRM97 ting trong mdi truong 1én men khong chira thanh phan ¢6
ngudn gdc tir dong vat va chira nhidu hon 10 loai axit amin va bd sung chét dinh dudng

vao moi trudng trén co sé mo hinh dong chuyén hoa.

Mo ta vin tit cac hinh vé
Fig. 1- Xay dung plasmit dugc thiét ké nhu pBE33.

Fig. 2- Luu db thé hién mo hinh c4n bang dong chuyén hoa.
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MG ta chi tiét sang ché

Sang ché dé xuit phuong phap san xult CRM 97 v6i san lwong cao duoc cai tién
stt dung ching Corynebacterium diphtheriae dugc thiét ké c¢6 sé luwong ban sao gen
CRM97 tang, trong d6 phuong phap nay bao gbém budc nudi chiing ndy trong mdi truong
1én men chira nhidu hon 10 loai axit amin va khong chtra thanh phan c6 ngudn gdc tir
dong vat.

Chung Corynebacterium diphtheriae dugc thiét ké (C7Ep) theo séng ché dé cap
dén Corynebacterium diphtheriae c6 nhiéu ban sao ciia gen CRMi97 & thé bd sung duge
didu hoa béi co ché cta gen CRM97 VAt chil va nén tang di truyén ctia ching nay 1a
lysogen don.

Axit amin dugc sit dung trong sang ché dugc chon tir nhém bao gbém Alanin,
Arginin, Axit aspartic, Xystein, Axit glutamic, Glutamin, Glyxin, Histidin, Isoleuxin,
Leuxin, Lysin, Methionin, Phenyl alanin, Prolin, Serin, Threonin, Tryptophan, Valin va
mubi ctia né va mdi axit amin dwoc sir dung voi lugng nam trong khoang tir 0,05 dén 2
g/l.

Anh huong ciia axit amin, vitamin va didu kién quy trinh san xudt CRM7 da
duge nghién ctru. Mot sé axit amin nhét dinh duge phat hién 12 thé hién anh hudng tiéu
cuc 1én sy tang trudng cua vi khuén. Tuy nhién, viéc san xuit CRM197 duoc phat hién
1a dugc tang 1én néu st dung hon 10 loai axit amin trong ndng d6 toi wu. Nong do axit
amin duoc toi vu béng cach st dung thiét ké thi nghiém Plackett Burman.

Thiét ké Plackett Burman 12 thiét ké thi nghiém dé diéu tra sy phu thudc ctia mot
s6 dai lugng dugce xac dinh vao ) lugng cac bién cb (yéu té) doc 1ap, theo cach lam
giam t41 thiu phuong sai ciia cac uée lugng phu thudc nay sir dung sb lwong gi6i han
cac thi nghiém. Két qua thé hién cac axit amin nhu Axit aspartic, Glutamin, Glyxin
Isoleuxin leuxin, Valin va & nhiét do tir 35 dén 36 °C ¢6 tac dong tich cuc lén viéce té)ng
hop CRMiy7 va axit amin nhu Alanin, Isoleuxin, Valin va & nhiét do tur 35 dén 36 °C ¢6
tac dong ti€u cuc Ién vige téng hop CRMi97. Mot s6 ham lugng cua thiét ké thi nghi¢m
duoc thuc hién & cac néng d6 khac nhau dé dat duoc viée san xudt CRMig7 v6i ham
lugng cao. Viéc st dung tyrosin va asparagin lam giam san lugng chung ctia CRMi97 va
do dé cac axit amin nay khéng thudc sang ché.

Theo phuong an dugc wu tién ciia sang ché, mdi truong 1én men chtra hdn hop

ctia Phenyl alanin, Arginin va mét hodc nhidu axit amin khac trong d6 luong Phenyl
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alanin va Arginin dugc st dung 1a nho hon 1g/L.

Theo phuong 4n duge wu tién khac cia sang ché, moi truong 1én men chira hdn
hop ctia Phenyl alanin, Arginin va mét hodc nhidu axit amin khéc trong d6 lugng Phenyl
alanin ndm trong khoang tir 0,25 dén 0,75g/1 va Arginin ndm trong khoang tir 0,1 dén
0,5 g/l.

Sang ché dé xuét phuong phap san xuat CRM,97 sit dung ching Corynebacterium
diphtheriae duge thiét ké c6 sb luong ban sao gen CRM7 ting, trong dé phuong phéap
nay bao gdm budc nudi ching nay trong moi truong 1én men chira nhidu hon 10 loai
axit amin, bd sung vao mdi trudng lwong vitamin nim trong khoang tir 0,05 dén 20 mg
trén lit, trong d6 mdi trudng nay khong chira thanh phan c6 ngudn gbc tir dong vat.

Theo mot phuong 4n khac ciia sang ché, axit amin, vitamin, nguyén té vi lugng
va chat tuong tu duge thém vao méi tredng 1én men nhu chét dinh dudng trong qua
trinh nudi cdy.

Céc chét dinh dudng duogc sir dung trong sang ché lam chit bd sung bao gdm
vitamin dugc chon tir nhdém bao gém Axit nicotinic, Thiamin, Axit pantothenic, Biotin,
Riboflavin, Axit folic; Axit pimelic; phosphat, ngudn nito va kim loai vi luong va chét
trong ty va mdi vitamin duoe sir dungvdi lugng nam trong khoang tir 0,05 dén 20 mg
trén lit.

Mai trudng 1én men duge str dung trong sang ché khong duge khir ferat va hoan
toan khong chira thanh phan c¢6 ngudn gde tir dong vat. Ngoai ra, moi truong cling khong
chita thit truyén thdng trén co sé moi trudng Loeffler va axit casamin trén co s& moi
trudng YC sit thdp duoc khir ferat. Cac thanh phan ctia moi trudng 1én men theo séng
ché bao gdm chiét xudt ndm men, Veg.Pepton, kali-dihydro phosphat (KH;POs),
tryptophan, glucoza, dung dich mubi vi lugng YC.

Theo mdt phuong 4n khac ctia sang ché, ché phim mai truong dé nudi cdy chung
Corynebacterium diphtheriae duge thiét ké c6 sb luong ban sao gen CRM 97 tdng bao
gdm moi truong 1én men chtra chiét xuit nAm men, Veg.Pepton, kali-dihydro phosphat
(KH2POy), tryptophan, glucoza, dung dich mudi vi lvong YC; mot hodc nhiéu axit amin,
vitamin, nguyén té vi luong va chét tuong tu.

Céc kim loai vi lugng thich hop bao gém kali, magie, canxi, clorua, colin, déng,
mangan, sulfat, kém va céc kim loai tuong tu.

Sang ché dé xuét phuong phap san xudt CRM7 duoc cai tién sir dung ching

-6-



41803

Corynebacterium diphtheriae dugc thiét ké c6 sé luong ban sao gen CRMjo7 tdng, trong
d6 phuong phép nay bao gdm bude bd sung vao mdi trudng 1én men chét dinh dudng
trén co sé mo hinh dong chuyén hoa.

Mo hinh dong chuyén hoéa dé cap dén mang lu6i hoan thién cua su truyén nhiét,
truyén chét, téc do truyén oxy (Oxygen transfer rate - OTR), toc d hip thu oxy (Oxygen
uptake rate - OUR) va dong luc truyén ion, trong d6 OTR duogc duy tri bang cach suc

khi, 4p sudt nguroc va bom trong oxy tinh khiét. M6 hinh nay duge thé hién & Fig. 2.

Phat trién m6 hinh dong chuyén héa

MO hinh nay duge tao ra trén co s& giai thich dit liéu truc tuyén cua su tich tu
ion hydro trong quy trinh bién duéi dang dbi so cp rdi sau do chuyén hoéa oxy hoa tan,
oxy thanh COz clng véi sy giai phéng nhiét trong quy trinh. Vi du, mo hinh 1am viéc
trén diéu kién giéi han ngudn cacbon. Ngudn cacbon duge bom va dap ung dugc danh
gid trong quy trinh. Hoat dong diéu chinh dugc thuc hién ddi véi viéc tong hop ion hydro
trén co s& dap ting. Sau d6 ngudn cung cip duge tdi wu hoa dé dat dugc pH déu va oxy
hoa tan (DO) va toe d6 truyén nhiét (vi du, pH 14 7,4; DO du > tir 2 dén 20; tdc do truyén
nhiét (Heat transfer rate - HTR).

Theo phuong 4n ctia sang ché, phurong phép nay bao gdm bude bd sung glucoza
vao moi trudng trong ca qua trinh 1én men.

Sang ché khong bao gdm viée st dung maltoza lam ngudn cacbon va budce khir
ferat.

CRM97 duge san xuét theo sang ché c6 vacxin lién hop nhu lién hop
pneumococcal, lién hop typhoit, lién hop Hib va lién hop twong tu.

Theo mdt phuong an khac nita, sang ché dé xuét phuong phép san xuit CRM7
dugc cai tién, phuong phap nay bao gébm budc nudi cdy ching Corynebacterium
diphtheriae dwgc thiét ké c6 sb lugng ban sao gen CRM 97 tdng trong mdi truong 1én
men khong chira thanh phén c6 ngudn gde tir dong vét va chira nhiéu hon 10 loai axit
amin va bo sung chét dinh dudng vao mdi trudng trén co s mod hinh dong chuyén hoéa,
trong d6 axit amin dugc chon tir nhém bao gdm Alanin, Arginin, Axit aspartic, Xystein,
Axit glutamic, Glutamin, Glyxin, Histidin, Isoleuxin, Leuxin, Lysin, Methionin, Phenyl
alanin, Prolin, Serin, Threonin, Tryptophan, Valin va mubi ctia no.

Theo mdt phuong 4n khac nita, sang ché dé xudt phuong phap san xudt CRMo7

duoc cai tién, phuong phap ndy bao gém budc nudi cdy ching Corynebacterium
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diphtheriae duge thiét ké c6 s6 lugng ban sao gen CRMio7 tang trong moi truong 1én
men khong chira thanh phan c6 ngudn gbe tir dong vét va chtra nhidu hon 10 loai axit
amin, trong d6 mdi axit amin dugc sir dung v6i lwrong ndm trong khoang tir 0,05 dén 2
g/l.

Theo mot phuong 4n khéc nita, sang ché d& xut phwong phap san xuidt CRMo7
dwoc cai tién, phuong phép nay bao gdm budc nudi cdy ching Corynebacterium
diphtheriae dugc thiét ké co s6 lugng ban sao gen CRM7 ting trong moi trudng 1é€n
men khong chira thanh phan c6 ngudn gbc tir dong vét va chira nhiéu hon 10 loai axit
amin va bd sung chét dinh dudng vao moi truong trén co sé md hinh dong chuyén hoa,
trong &6 mdi axit amin dwoc sir dung véi lugng ndm trong khoang tir 0,05 dén 2 g/l

Theo mdt phuong an khac nita, sang ché dé& xuat phuwong phéap san xuét CRM
duoc cai tién, phuong phép nay bao gém budc nudi cdy ching Corynebacterium
diphtheriae duoc thiét ké c6 sb lugng ban sao gen CRMi97 tdng trong mdi trueong 1én
men khong chtra thanh phan c6 ngudn gbc tir dong vat va chira moi truomg bazo, nhidu
hon 10 loai axit amin va bd sung chit dinh dudng vao moi truong trén co s& md hinh
dong chuyén hoa, trong d6 mdi axit amin dugc st dung véi lrgng ndm trong khoang tir
0,05 dén 2 g/l.

Theo mdt phuong an khac nita, sang ché @& xudt phuong phép san xuat CRM;o7
dugc cai tién, phuong phap nay bao gdm budc nudi chy chimng Corynebacterium
diphtheriae dugc thiét ké c6 sb lugng ban sao gen CRM 97 tang trong moi truong 1én
men khong chira thanh phan ¢6 ngudn gdc tir dong vat va chira nhiéu hon 10 loai axit
amin va bd sung chét dinh dudng vao moi truong trén co sé md hinh dong chuyén hoa,
trong do6 axit amin dugc chon tir nhém bao gém Alanin, Arginin, Axit aspartic, Xystein,
Axit glutamic, Glutamin, Glyxin, Histidin, Isoleuxin, Leuxin, Lysin, Methionin, Phenyl
alanin, Prolin, Serin, Threonin, Tryptophan, Valin va mudi cta no, trong d6 mdi axit
amin duoc st dung v6i lugng nam trong khoang tir 0,05 dén 2 g/1.

Theo mot phuong an khac nita, sang ché d& xuét phuong phap san xuat CRM o7
dugc cai tién, phuong phap nay bao gdm budc nudi ciy ching Corynebacterium
diphtheriae dugc thiét ké c6 sé luong ban sao gen CRM 97 tidng trong moi truong 1én
men khong chira thanh phan ¢6 ngudn gbc tir ddng vét va chira nhidu hon 10 loai axit
amin, trong d6 axit amin dugc chon tir nhom bao gém Alanin, Arginin, Axit aspartic,

Xystein, Axit glutamic, Glutamin, Glyxin, Histidin, Isoleuxin, Leuxin, Lysin,
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Methionin, Phenyl alanin, Prolin, Serin, Threonin, Tryptophan, Valin va mudi cia nob,
trong d6 mdi axit amin dugc st dung véi lugng nam trong khoang tir 0,05 dén 2 g/l.

Theo phuong an dugc uu tién, sang ché dé xuit phuong phap san xuét CRM 97
duoc cai tién, phuong phép nay bao gdm cac budc

i) nudi cdy ching Corynebacterium diphtheriae duoc thiét ké co sd lugng ban
sao gen CRMo7 ting trong mdi trudng 1én men khong chura thanh phéan c6 ngudn gbc
tir dong vat va chlta moi trudong bazo va nhiéu hon 10 loai axit amin dugc chon tir nhém
bao gdbm Alanin, Arginin, Axit aspartic, Xystein, Axit glutamic, Glutamin, Glyxin,
Histidin, Isoleuxin, Leuxin, Lysin, Methionin, Phenyl alanin, Prolin, Serin, Threonin,
Tryptophan, Valin va mudi ctia né; va

ii) bd sung glucoza va chét dinh dudng vao mdi trudng trén co s& md hinh dong
chuyén hoéa.

Theo mdt phuong 4n khac nita, trong quy trinh 1én men nhiét do dugc duy tri
trong khoang tur 30 dén 40 °C va pH duoc duy tri trong khoang tir 7,0 dén 8,0, tot hon
1a tir 7,4 dén 7,6 st dung 20% axit orthophosphoric, 12,5% amoni hydroxit. Quy trinh
1én men dugc thuc hién trong khoang thoi gian tir 15 dén 24 gio, tot hon 14 tir 16 dén 20
g10.

Theo mdt phuong an, sang ché dé xuét hdn hop 1én men va quy trinh khéng ¢
tyrosin va asparagin. Theo mot phwong dn, quy trinh theo sang ché khong c6 axit
casamin trén co s¢ moi truong YC sit thip dwgc khtr ferat, maltoza lam ngudn cacbon
va bude khu ferat.

Sang ché dé xuat phuong phap san xuit CRM 197 dugc cai tién, phuong phap nay
bao gdm budc nudi cdy ching Corynebacterium diphtheriae duge thiét ké co s6 luong
ban sao gen CRMy7 ting trong moi trudng 1én men khong chira thanh phan ¢6 ngudn
gdc tir dong vat va chira hdn hop ctia Phenyl alanin, Arginin véi lugng nho hon khoang
1g/LL va mot hodc nhiéu axit amin khac.

Theo mdt phuong an, sang ché d& xuit phuong phép san xuit CRMo7 dugc cai
tién, phuong phap nay bao gbdm bude nudi chy chung Corynebacterium diphtheriae
duoc thiét ké c6 sd lugng ban sao gen CRM97 tang trong mdi truong lén men khong
chtra thanh phin c¢6 ngudn gbc tir dong vat va chira nhiéu hon 10 loai axit amin va bd
sung chat dinh dudng vao mdi trudng trén co s6 md hinh dong chuyén hoa, trong d6 san

lugng ctia CRM 97 thu dugce 16n hon 150 mg/L.
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Theo mot phuong an, sang ché co thé san xuét vacxin lién hop bao gdm budce
lién hop polysaccarit tr Salmonella typhi, Streptococcus pneumoniae, meningococcus,
Haemophilus influenzae véi CRM97 duge san xuét theo sang ché.

Sang ché dé xuét phuong phap san xuit CRM 97 v6i san luong cao dugce cai tién
st dung chung Corynebacterium diphtheriae dugc thiét ké co s6 lugng ban sao gen
CRMy7 tang, trong d6 phuong phap nay bao gbdm budc nudi ching nay trong moi truong
khong chira thanh phan c6 ngudn gde tir dong vat chira nhiéu hon 10 loai axit amin va
buéc bd sung chat dinh dudng vao moi truong trén co sé mo hinh dong chuyén hoa.

Theo mdt phuong an, sang ché d& xuit phuwong phép sén xuat CRM97 dugc cai
tién ¢6 san luong nhu 150mg/L, 200mg/L, 300mg/L, 500mg/L, 1g/L, 1,5¢/L, 2 g/L,
2,5g/L, 3g/L, 3,5¢/L, 4g/1, 4,5g/L va 5g/L.

Theo mot phuong 4n, sang ché dé xut ching Corynebacterium diphtheriae dugc
thiét k& C7 (B 197) trong d6 plasmit pBE33 duoc chuyén bang k§ thuat xung dién.

CRM,7 duoc san xuét theo sdng ché duogc dinh luong bing thir nghiém hép thu
mién dich lién két véi enzym bit mién dich (Immuno-Capture Enzyme Linked Immuno-

Sorbent Assay - IC-ELISA).

Phat trién chiing Corynebacterium diphtheriae duge thiét ké c6 sb luong ban sao gen
CRM97 tang trén plasmit vecto biéu hién.

Corynebcaterium diphtheriae C7 (B-197) ATCC 53821, gen mé hoa cho CRMig7
ton tai & dang mdt ban sao va protein CRMi7 dot bién duoc tiét vao dudi su didu hoa
sat. San lugng ciia CRM 97 tang glp ba lan & ching Corynebacterium diphtheriae C7
¢6 hai ban sao corynephago-beta (ATCC 39255). Diéu nay cho thdy rang sb luong ban
sao gen c6 lién hé dén viéc ting kha ning san xuit. D& viéc san xudt CRMje7 tlr
Corynebacterium diphtheriae ¢ thé tdn tai dugc trén thi truong, can phai ting mic do
bidu hién. Hop nhét nhiéu ban sao vao hé gen vi khudn 1a mot théch thic vé mat ky
thuét. Thé phago nhiéu ban sao khong n dinh vé mit di truyén va bi mét cac ban sao
khéac ctia gen CRM. Céc tac gia sang ché c6 muc dich cai thién muc dd biéu hién cia
CRM97 bang céch ting ban sao gen ciia CRMig7 dugc van chuyén trén céc plasmit c6
chi thi chon loc khang sinh, cung véi cac yéu td diéu hoa tu nhién cia CRMi97. Theo
dé, céc tac gia da phat trién chung Corynebacterium diphtheriae c6 s6 lugng ban sao
gen CRM 97 ting, dugoe tang do dn dinh ciia ching. Ching bién ddi c6 mire do biéu hién

cia CRM 97 cao hon so véi ching Corynebacterium khong dugce bién doi.
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Sang ché dugc minh hoa cu thé hon thong qua cac vi du duge néu dudi ddy. Tuy
nhién, nén hiéu ring sang ché khong bi gidi han boi vi du theo bat ky cach nao nhung
bao goém céc cai bién cua cac vi du ndy nam trong cic thong so duge md ta trong ban

md t& nay, nhu dugc biét bdi ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuét.
Vi du thye hién sang ché

Vi du 1: Tang cudng su biéu ctia CRMe7 bdi bén sao thé bd sung ctia CRM 197

Chun bi vecto ¢6 thé sao chép 6n dinh trong Corynebacterium diphtheriae C7
(B 197). Thuc hién phan 14p plasmit ty nhién tir Corynebacterium C7 diphtheriae su
dung quy trinh phan 14p plasmit nhu dugc mé ta & T.C Currier et al., 4nal Biochem.
1976; 76(2): 431441. St dung ché pham ADN plasmit ty nhién, khuéch dai 1,87Kb
ngudn sao chép (oriR). Pong thoi, khuéch dai 1,033Kb trinh tu kanR st dung ADN
khuén pUC4-KIXX va cét diu va ndi oriR dé tng hop pBE30. Ngoai ra, khuéch dai
2,13 Kb trinh ty gen CRM197 bao gém vung khai dau pTox (Boyd et al., 1988), cru va
trinh tu két thuc dugce du doan ctia ADN thudc hé gen ctia Corynebacterium diphtheriae
C7 (B 197) va tach dong thanh ving gi6i han Spel duy nhét duoc thiét ké trong pBE30.
GAG d6t bién trong budc khuéch dai nay dugc kiém tra béng thr nghiém PCR ddc hiéu
alen (Pushnova et al., Analytical Biochemistry. 1998; 260: 24 dén 29) va giai trinh tu
ADN. Do d6 plasmit thu dugc duge thiét ké nhu pBE33 (Fig. 1).

Chuyén plasmit pBE33 bang xung dién sau khi tdi wu hoa quy trinh cho
Corynebacterium diphtheriae C7 (B 197). Xac nhan cidc dong Corynebacterium
diphtheriae C7 (§ 197) (pBE33) dugc chuyén bang k§ thuat PCR dong dac hiéu va phan
14p plasmit va phan gidi gi¢i han. Phén tich su biéu cia CRM97 trong cac dong bang k¥
thuat SDS-PAGE va thdm mién dich (Western blotting). Dinh luong CRMi¢7 trong mdi
truong béng k¥ thuit ELISA va HPLC va lugng CRMi97 dugc thé hién & dang néng do

cta CRM 97 dugc biéu hién trén lit cia moi trudng nudi cay.

Vi du 2: San xudt CRMi97 v6i chiing Corynebacterium diphtheriae CTEp dugc thiét ké
& moi truong bazo — khong chira thanh phin ¢6 ngudn gde tir dong vAt.

Chung Corynebacterium diphtheriae CTEp dugc st dung trong quy trinh nay.
Nudi cdy hai budce ché phim cdy trong binh lic. Dung dich cho viéc nudi cdy trong binh
lic bao gom chiét xudt ndm men (YE) 10 g/L, Veg. Pepton 15g/L, KH,PO4 4,3g/L,
Tryptophan 50mg/L, Glucoza 4,0g/L, Axit nicotinic 0,8 mg/L, Axit pimelic 0,08 mg/L,
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CuSOy4. 5H,0 25 mg/L, ZnSO4. SH20 12,5 mg/L, MnCla. 4H,0 6,25 mg/L, xystin 0,5
g/L, Kanamyxin 25 mg/L, Glucoza 4,0 g/L.

Thém vao 5% ché pham cdy vao 20 L mdi tredong 1én men dé bat dau quy trinh.
Mai truong dé nudi ciy 1én men bao gébm YE 15g/L, Veg.Pepton 30 g/L, KH2POq4
4,3g/L, Tryptophan 50mg/L, axit nicotinic 0,8 mg/L, axit Pimelic 0,08 mg/L, CuSOa.
5H,O 25 mg/L, ZnSO4. SH20 12,5 mg/L, MnCl. 4H,0 6,25 mg/L, xystin 0,5 g/L,
Kanamyxin 25mg/L, Glucoza 4,0 g/L.

Khudy mau nudi cdy & 300 RPM trong céa 16. Nhiét do duge duy tri ¢ 35 °C va
pH duoc duy tri & 7,4 st dung 20% axit orthophosphoric va 5 N NaOH. Suc khi mau
nudi cdy sir dung 1,0 vvm khong khi. Lam giau moi truong nudi cdy v6i oxy dé duy tri
ham Iugng oxy hoa tan (DO) dén 20%. Sau mot vai gio dau tién, ham lugng DO duoc
gilt & mac dudi 20% khi han ché 1am giau O,. Ham lugng DO trong phan con lai ctia 16
duoc gitt & mirc gan khong c6 xu huéng ting 1én cac gid cubi. Khi glucoza du trong moi
trudong chira nude ham thit nhd hon 0,5 g/L, thi bd sung ngudn cung cap 40% glucoza
véi toc dd 2 g/L/gid. Thu lai 16 sau 14 gio nudi cdy khi mat d6 té bao dat dwgc khoang
90 don vi OD 600nm. Bot trong 16 phan tmg dugc kiém so4t bang chét khang bot hiru
0 30%. Viéc san xudt CRM 97 dat dugc dén chuén do tir 60 dén 65 mg/L ctia moi trudng
chtra nu6c ham thit 1én men.

Viéc len men xay ra dudi cac diéu kién twong tu str dung chung Corynebacterium
diphtheriae C7 CRM97khong dugc thiét ké san xut khoang tir 35 dén 40 mg/L CRMi7
it hon chung duoc thiét ké. Pilu nay cho thiy su anh hudng cc ban sao gen thém vao

den viéc san xuat CRMio7 tang.

Vi du 3: San xudt CRM97 v6i ching Corynebacterium diphtheriae CTEp dugc thiét ké
& moi trrong bazo khong chtra thanh phin ¢6 ngudn gde tir dong vt bang md hinh can
bang dong chuyén hoa.

Chung Corynebacterium diphtheriae CTEp dugc st dung trong quy trinh nay.
Nuobi cdy hai bude ché phim cdy trong binh lic. Mbi trudong dé nudi cdy trong binh lac
bao gdbm YE 10 g/L, Veg. Pepton 15g/L, KH,PO4 4,3g/L, Tryptophan 50mg/L, Glucoza
4,0g/L Axit nicotinic 0,8 mg/L, Axit Pimelic 0,08 mg/L, CuSO4. 5H20 25 mg/L, ZnSOs.
5H20 12,5 mg/L, MnCl,. 4H20 6,25 mg/L, xystin 0,5 g/L, Kanamyxin 25mg/L,
Glucoza 4,0 g/L.

Thém vao 5% ché phdm cdy vao 20 L mdi trudng 1én men dé bat dau quy trinh.
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Mbi trudng dé nudi cdy 1én men bao gdm YE 15 g/L, Veg.Pepton 30 g/L, KH2PO4
4,3g/L, Tryptophan 50mg/L, axit nicotinic 0,8 mg/L, axit Pimelic 0,08 mg/L, CuSOa.
5H,O 25 mg/L, ZnSOs4. 5H20 12,5 mg/L, MnCl. 4H,0 6,25 mg/L, xystin 0,5 g/L,
Kanamyxin 25mg/L, Glucoza 4,0 g/L.

Khudy mau nudi cdy & 300 RPM trong ca 16. Nhiét 4 dugc duy tri & 35 °C va
pH dugc duy tri & 7,4 st dung 20% axit orthophosphoric va 12,5% amoni hydroxit. Suc
khi mAu nubdi cdy st dung 1,0 vvm khong khi. Lam gidu mdi trudng nudi ciy v6i oxy
dé duy tri ham luong DO dén 20%. M6 hinh dugc dua vao theo ty 1¢ chuyén héa ciia
chuyén ddi theo thoi gian, moé hinh nay c6 dAu vao tir cac thong sb truc tuyén caa DO
du lién quan dén su thay dbi pH, CO,, sinh nhiét. O pha log, ham lugong DO duogc git
thdp hon 20% mic du di giéi han lam gidu O,. Ham lwgng DO trong phan con lai cia
16 dugc gitt & mirc gan khong c6 xu hudng ting 1én cic gidy cudi. Khi glucoza du trong
mdi trudng chira nude ham thit thip hon 0,5 g/L, thi nap vao ngudn cung cap 40%
glucoza dé can chinh mo hinh dong chuyén hoa. Thu lai 16 sau 14 gio nudi cdy khi mat
do té bao dat dugc khoang 90 don vi OD 600nm. Bot trong 10 phan g dugc kiém soat
bfmg chét khang bot hitu co 30%. Viéc san xuit CRM97 dat dugc dén chuén do 1a 150

mg/L ciia moi truong chira nude ham thit 1€én men.

Vi du 4: San xudt CRM)¢7 theo sang ché

Nudi cdy ba bugc ché pham cdy. Thuc hién hai buéc dau tién trong binh lac. Mbi
treong dé nudi cdy trong binh lic bao gdm YE 10 g/L, Veg.Pepton 15g/L, KH2PO4
4,3g/L, Tryptophan 50mg/L, Glucoza 4,0g/L, dung dich mudi vi luong YC 2 ml/L, bd
sung xystin 1 ml/L, Kanamyxin 25mg/L, Glucoza 4,0 g/L.

Ché phidm méi trudng bazo cho thiét bi 1én men mam bao gdbm YE 15g/L,
Veg.Pepton 30 g/L, KH,PO4 4,3g/L, Tryptophan 50mg/L, axit nicotinic 0,8 mg/L, axit
Pimelic 0,08 mg/L, CuSOs. 5SH20 25 mg/L, ZnSO4. SH20 12,5 mg/L, MnCly. 4H>O 6,25
mg/L, xystin 0,5 g/L., Kanamyxin 25mg/L, Glucoza 4,0 g/L

Ché phim mdi truong 1én men duoc thé hién duéi day (bang I) va cac thanh phéan

duoc thiét ké theo thiét ké Placket Burmann.
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Bang [
SO | THANH . SO THANH .
, Ry R HAM | DON , R . HAM | DON
THU | PHAN MOI THU | PHAN MOI
. LUQNG | VI . LUQNG | VI
TU | TRUONG TU TRUONG
1 Alanin 0,1 g/L 18 Valin 1 g/L
2 Arginin 0,1 g/l 19 Kali 2 g/L
3 Axit aspartic 0,5 g/LL 20 Magie 1 g/L
4 Xystein 0,5 g/L 21 Thiamin 0,1 mg/L
Axit
5 1 g/L 22 Biotin 4 mg/L
glutamic
6 Glutamin 0,1 g/L 23 Canxi 2 mg/L
7 Glyxin 0,5 g/l 24 Clorua 0,5 mg/L
8 Histidin 1 g/L 25 Colin 0,1 mg/L
9 Isoleuxin 1 g/l 26 Dong 10 mg/L
10 Leuxin 0,5 g/L 27 Axit Folic 1,6 mg/L
11 Lysin 0,1 g/L 28 Mangan 1 mg/L
Axit
12 Methionin 1 g/L 29 o 100 mg/L
nicotinamic
Phenyl Axit
13 0,5 g/LL 30 _ 50 mg/L
alanin pantothenic
14 Prolin 0,1 g/L 31 Axit pimelic 20 mg/L
15 Serin 0,1 g/L 32 Riboflavin 50 mg/L
16 Threonin 0,1 g/L 33 Sulfat 20 mg/L
17 Tryptophan 0,1 g/l 34 Kém 7 mg/L

Thém vao thiét bi 1én men 20L céc thanh phan trén v6i modi truong bazo (YE 15

g/L, Veg.Pepton 30 g/L, KH2PO4 4,3 g/L, Tryptophan 50 mg/L, axit nicotinic 0,8 mg/L,
axit pimelic 0,08 mg/L, CuSOs4. SH20 25 mg/L, ZnSO4. SH0 12,5 mg/L, MnClz. 4H20

6,25 mg/L, xystin 0,5 g/L, Kanamyxin 25mg/L, Glucoza 4,0 g/L), 5% ché pham cay tir

thiét bi 1én men mam dé bit ddu quy trinh. Nhiét do duoc duy tri & 35 °C va pH duge

duy tri & 7.4 dén 7,6 str dung 20% axit orthophosphoric, 12,5% amoni hydroxit va mo

hinh trén co s¢ dong chuyén hoa (Fig. 2) didu bién viéc cung cip glucoza va OTR. Suc
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khi mAu nudi cdy st dung 1,0 vvm khong khi. Lam giau moi trudng nudi cly vai oxy
dé duy tri ham lwrong DO dén 20%. O pha log, ham lugng DO dugc gift thap hon 20%
mic du da gidi han lam giau Oz. Ham lugng DO trong phan con lai ctia 16 duge gitt &
mirc gan khong ¢ xu huéng ting 1én cac gio cubi. Khi glucoza du trong moi trudong
chira nwée him thit nhd hon 0,5 g/L, thi bd sung ngudn cung cip v6i dung dich 40%
glucoza véi tée do 4,5 g/L/gio. Bd sung ting dot vitamin va nguyén t6 vi luong & cac
ham luong sau diy; axit nicotinic 6,425 mg/L, axit Pimelic 0,465 mg/L, CuSO4. SH20
25 mg/L, ZnSO4. 5H20 12,5 mg/L, MnCl. 4H,0 6,25 mg/L, Thiamin 0,08 mg/L, axit
pantothenic 0,25 mg/L, Biotin 0,006 mg/L, Riboflavin 0,3 mg/L, axit folic 0,06 mg/L .
Thu lai 16 sau 18 gid nudi céy khi mat do té bao dat dugc khoang 132 don vi OD 600nm.
Bot trong 16 phan tmg dugc kiém soat bang chat khing bot hitu co 30%. Viéc san Xuét
CRM,97 dat dugc dén chuin do tir 450 dén 500 mg/L ctia moi trudng chira nude ham

thit 1én men.

Vidu 5: So sanh san lugng CRMie7 st dung chung Corynebacterium diphtheriae C7 tu
nhién va chung Corynebacterium diphtheriae CTEp dugc thiét ké

Viéc 1én men duoc thuc hién st dung moi truong khong chira thanh phan tir dong
vat co ban, tién mo hinh cai thién quy trinh va md trudng va quy trinh pht hop voi sang
ché st dung C7 Corynebacterium diphtheriae ty nhién va chung Corynebacterium
diphtheriae dugc thiét ké.

Mot ching Corynebacterium diphtheriae C7 phan giai va ching dugc thiét ké
v6i ban sao thém & thé b6 sung cia gen CRMio7 (C7Ep) dugc st dung dé t6i uu hoa quy
trinh. Trong mdi truong YC dugc khong khu ferat cu thé c6 thanh phan dong vat, C7
cho tir 22 dén 25 mg/LL CRMiy trong khi d6 C7Ep cho tir 40 dén 45 mg/L. Khi moi
truong duoc bién doi bang cach thay thé thanh phan dong vét bang veg pepton, ching
C7 cho tir 40 dén 45 mg/L CRMi97 va C7Ep cho 65 mg/L. CRM 7. Céc diéu kién quy
trinh khi duoc bién ddi bing cach thay dbi cac thong s6, CTEp san xudt tir 120 dén 150
mg/L CRM197. M0 hinh dugc phat trién str dung dAu vao tir quy trinh bazo. Két qua cudi
cung cua phuong phép duoc t81 wru 1a thu duoc 120 mg/l CRMo7tlr C7 va >500 mg/L
CRM97tr C7Ep. San lugng duoc so sanh trong bang I dudi day:
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Béng II: So sanh san lugng cia Corynebacterium diphtheriae C7 ty nhién v6i san lugng

ctia C7Ep duoc bién dbi thé bd sung & diéu kién quy trinh khac nhau.

San lwong ciia CRMj97 trong mg/L bing ELISA
S6 thir | Sinh vat Mbi truong | Tiénmo hinh | Moi treong va quy
tw khong chtta | cdi thién quy trinh phu hop véi
thanh phan | trinh sang ché
dong vét
bazo
1 Corynebacterium C7
(tw nhién) 20 -25 35-40 110 - 120
Corynebacterium C7
Ep (Thé b sung
2 dugc dua vao ban 60 - 65 120 - 150 >500
sao gen thém)
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YEU CAUBAO HO

1. Phuong phap san xudt CRM¢7 v6i san lugng cao dugc cai tién st dung chiing
Corynebacterium diphtheriae dugc thiét ké co s lugng ban sao gen CRM 97 ting, trong
do6 phuong phép nay bao gbdm buéc nudi chiing nay trong mdi truong lén men khong
duoc kht ferat chra nhiéu hon 10 loai axit amin ngoai tyrosin va asparagin va khong
chira thanh phan c6 ngudn gbc tir dong vat, trong d6 maltoza khong dugce st dung lam
ngudn cacbon.

2. Phuong phép theo diém 1, trong d6 phuong phap nay bao gdm bude bd sung chat
dinh dudng vao moi truong.

3. Phuong phép theo diém 2, trong do6 viéc bd sung chét dinh dudng 1a trén co sé mod
hinh dong chuyén hoa.

4. Phuong phép theo diém 1, trong d6 axit amin dugc chon tir nhém bao gdm alanin,
arginin, axit aspartic, xystein, axit glutamic, glutamin, glyxin, histidin, isoleuxin, leuxin,
lysin, methionin, phenyl alanin, prolin, serin, threonin, tryptophan, valin va mubi cua
no.

5. Phuong phép theo diém 4, trong d6 mdi axit amin duoc st dung v6i lugng nam trong
khoang tir 0,05 dén 2 g/l.

6. Phuong phép theo diém 1, trong d6 mdi truong 1én men chira hdn hop cua phenyl
alanin, arginin va axit amin khéc, trong d6 lugng phenyl alanin va arginin nhé hon
khoang 1g/L.

7. Phuong phap theo diém 2, trong d6 chét dinh dudng duoc chon tir nhém bao g0m céc
vitamin nhu axit nicotinic, thiamin, axit pantothenic, biotin, riboflavin, axit folic; axit
pimelic; phosphat, ngudn nito va kim loai vi lugng.

8. Phuong phép theo diém bat ky trong s cac diém néu trén, trong d6 moi trudong lén
Inmnhoéntoankhéngchﬁathénhphﬁlcénguéngéch&déngvét

9. Phuong phép theo didm bét ky trong s6 cac diém néu trén, trong d6 mdi truong 1én
men bao gdm moéi trudong 1én men bazo chira chiét xuit nAm men, Veg.Pepton, kali-
dihydro phosphat (KH2POy4), tryptophan, glucoza, dung dich mudi vi lugng YC.

10. Phuong phép theo diém bat ky trong sb cac diém néu trén, phuong phap niy bao
gom bude bd sung glucoza vao moi trudng trong ca qua trinh 1én men.
ll.PhuongphépsénxuétCthw7duoccéiﬁéluongdéthOngphépnayba0g6n1céc

budc:
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i) nudi cdy ching Corynebacterium diphtheriae dugce thiét ké c6 sb lugng ban sao gen
CRM7 ting trong moi trudng 1én men khong duge khir ferat khong chira thanh phan
6 ngudn goc tr dong vat va chira moi trudong bazo va nhiéu hon 10 loai axit amin dugc
chon tr nhém bao gdm alanin, arginin, axit aspartic, Xystein, axit glutamic, glutamin,
glyxin, histidin, isoleuxin, leuxin, lysin, methionin, phenyl alanin, prolin, serin,
threonin, tryptophan, valin va mudi cta nd; va

ii) bd sung glucoza va chit dinh dudng vao moi trudng trén co sé md hinh dong chuyén
hoa, trong d6 maltoza khong duoc st dung lam ngudn cacbon.

12. Phuong phéap san xuht CRM 97 duoc céi tién, phuong phap nay bao gbdm budc nudi
chy chung Corynebacterium diphtheriae dugc thiét ké co s6 luong ban sao gen CRM 97
ting trong mdi truong 1én men khong dwgc khir ferat khong chira thanh phan ¢6 ngudn
gbc tir dong vat va chia nhiéu hon 10 loai axit amin ngoai tyrosin va asparagin va buéc
bd sung chét dinh dudng vao moi truong trén co sé mo hinh dong chuyén hoa, trong d6
mdi axit amin dugc st dung véi lugng ndm trong khoang tr 0,05 dén 2 g/l, trong d6
maltoza khong dugc st dung lam ngudn cacbon.

13. Phuong phap theo diém bat ky trong sd cac diém néu trén, trong d6 budc 1én men
duoc thue hién & nhiét dd ndm trong khoang tir 30 dén 40 °C va pH nam trong khoang
tir 7,0 dén 8,0, t6t hon 1a tir 7,4 dén 7,6.

14. Phuong phép theo diém bat ky trong sb cac diém néu trén, trong d6 san luong cia
CRM¢7 thu dugc 14 16n hon 150mg/L, 200mg/L, 300mg/L, 500mg/L.

15. Phuong phap san xuit vacxin lién hgp bao gdm budc lién hop polysaccarit tir
Salmonella typhi, Streptococcus pneumoniae, Haemophilus influenzae v6i CRMig7

duogc san xuat theo diém bét ky trong so cac dieém néu trén.
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Khuéch dai bang gen CRM197 tir
Corynebacterium diphtheria ATCC53821
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