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Loi noi ddu

Sie phat trién nhue vii bdo cia vi sinh vdt hoc. véi phdt minh vi dai
vé penicillin, cting vai viée phdt trién va hoan thién cia cong nghé lén
nten hién dai dd tao ra cho nhdn loai cde chdt khdng sinh, cong cu
hitu hidu moi dé’ ddu tranh chong lai bénh nhiém khudn va mo ra “ky

nguvén vang " cho nganh céng nghé sdn xudt cdc sdn pham nay.

Bé dap g nh cdu chdn séc v 16 cho tam nueot triéu dan, Viét
nanm ¢6 nhu cau lon vé cde loai thude khdng sinh; trong khi do hién tai
hdu nlur chiing ra vén phdi nhdp khdu. Vor muc tiéu tiing bicic tiép
cdn cong nghé hién dai va ddp img nhu cdu ddo tao nguon nhdn e ky
thudt-cong nghé dé tién 161 sdn xudt mot phdn thudc khdng sinh trong
miede, cuon “Cong nghé sinh hoc cde chdr khdng sinh” dugc bién soan
lant tai liéu giang day cho dot nrong kv sir cong nghé sinh hoc trong
trivong dai hoc va ¢6 thé sir dung lam tai lidu tham khdo cho cdc doi
tieong lién quan, nhdam cung cdp cho hoc vién va ban doc nhitng kién
thite co ban vé chatr khdng sinh va céng nghé 1én men mor s6 chdt
khidng sinh phd dung trong diéu tri hién nay.

Tdc gid rdt mong nhdn duve sw déng gép cua doc gid dé hiéu
chint cho ldn in sau dicoe hoan chinh hon. Xin chdn thanh cdnt on su
khich Ié va ung ho cua déng nghiép va ban doc. ‘
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1.1. DAl CUONG VE CHAT KHANG SINH

Trong suét tién trinh phét trién cia nhin loai, trén con dudng hoan thién
minh, loai ngudi ludn luén phai dau tranh d€ vuot qua moi (rd ngai, thich
thic khac nhau. Bénh tét chinh 1a mét trong vo s6 cdc trg ngai d6 va rdt nhiéu
bénh ¢4 nguyén nhan do vi sinh vat gay ra. Tir rat xa xua trong lich si, bang
con dudng tim toi, kham pha va tich 1dy kinh nghiém thuc tién, con nguoi da
phat hién va ang dung hi¢u qua rat nhicu nguon duge liéu dong vét va thuc
vat dudi dang cac bai thuse cd truyén trong cdc cong dong dan cu vio muc
dich diéu tri y hoc. Su phit trién v¢ vi sinh vat hoc néi chung, va vi sinh vat
cong nghiép ndi riéng. véi budc ngoat lich sir la phdt minb vi dai vé chat
khédng sinh cua Alexander Fleming (1928) dd md ra ky nguyén mdi trong y
hoc: khai sinh ra nganh céng nghé san xuat chat khdng sinh va tng dung
thudce khdng sinh vao diéu i cho ngudi.

Thuat ngl “chat khang sinh™ lan dau tién duoc Pasteur va Joubert (1877)
si dung dé mo ta hién tuong kim hdm kha nang gay bénh cla vi khudn
Bacillus anthracis trén dong vat nhiém bénh néu tiém vao cdc dong vat nay
mot s6 loar vi khuan hi¢u khi Ianh tinh khic. Babes (1883) di néu ra dinh
nghia hoat tinh khdng khuan ctia moét ching 1a dac tinh 1éng hop ducc cic
hop chat héa hoc c6 hoat tinh kim him cdc ching d6i khing. Ong va cic
déng nghiép di xdc dinh duge dich trich ly tr vi khuan Pseudomonas
aerigiinosa (duge nhoém nghién ciun cua ong dat tén 14 “pycocyanase™)
nong do rdt loiing cing kim ham ducc Corynebacterium diphieriae,



Salmonella typhi, Pastewrella pestis va nhiéu loai cau khudn gay bénh khdc
(pycocyanase da duge ing dung trong di€u tri, nhung do déc tinh cao nén sau
d6 khong duge trién khai rong rai). Nicolle (1907) 1a ngudi ddu tién phét hién
ra hoat tinh khang khuan ctia Bacillus subtilis cé lién quan dén qua trinh hinh
thanh bao tr cha loai truc khuéin nay. Gratia va déng nghiép (1925) da tich
duge tit ndm mée mot ché pham cé thé sir dung dé diéu tri hiéu qua cdc bénh
truyén nhiém trén da do cau khudn va éng [a ngudi dau tién xay dyng hoan
chinh phwong phdp nghién cttu tim ki€ém va phét hién vi sinh vat téng hop
chat khang sinh trong tu nhién. Mac di vay, trong thuc t€ mii t6i nam 1929
thuat ngit “chdt khidng sinh” méi duge Alexander Fleming mé t4 mot cach
day du va chinh thic trong bdo cdo chi 1iét vé penicillin.

Viéc 1én men, tinh ché thanh cong va xdc dinh duge hiéu qua diéu tri to
I6n cua penicillin (Florey va Chain, 1939) ciing v&i viée phat hién ra
tyrothrixin (Dubos, 1939 - vé sau ngudi ta di xdc dinh duge chat nay 14 hai
chat khdng sinh ryrocidin va gramicidin) & vi khuan Bacillus brevis da chinh
thitc mo ra “ky nguyen vang™ cta cong ngh¢ sén xudt chat khdng sinh va st
dung thuéc khdng sinh trong di€u tri y hoc. Theo d6, ngay thap ky 40 va 50
cua the ky XX da ghi nhan nhitng budc tién vuot bac cla nganh cong nghé
san xudt khang sinh non tré, véi hang loat su kién nhu: |

¢ Khdm phd ra hang loat chat khdng sinh, thi du nhu griseofulvin (1939),
gramicidin =~ § (1942), streptomycin  (1943), bacitracin  (1945),
cloramphcenicol va polymicin (1947), clotetracyclin va cephalosporin
(1948), neomycin  (1949), oxytetracyclin = vd nystatin = (1950),
erythromycin (1952). cycloscrin (1954), amphotericin B va vancomycin
(1956), metronidazol, kanamycin va rifamycin (1957)...

e Apdung phoi hop cdc k¥ thuat tuyén chon va tao gidng tién tién (dac biét
la cdc k¥ thudt gay dot bién, k¥ thuat dung hop 1€ bao, k¥ thuat téi t6 hop
gen...) da tao ra nhimg bi€n ching cong nghiép ¢ nang luc “siéu téng
hop™ cdc chat khang sinh cao gdp hang ngan van lan cdc ching ban dau.
Két qua 1a ngay nay hau nhu toan bo cic co sd san xudt chat khdng sinh
noi riéng va céc co $§ cong nghé lén men hién dai néi chung déu sir dung
cdc bién chiing cong nghi¢p lam gidng cho san xuat. Dong thoi, nguoi ta
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tién hanh nghién ctu, kiém tra, gidm sat chat ché dac tinh sinh 1y, st phét
trién cla chung vi sinh vat va cdc dudng huéng trao ddi chat tao ra san
pham chia ching, trén co s0 d6 t6i vu héa thanh phan méi trudng va céc
diéu kién ti€n hanh Ién men, sit dung cdc tién chat, cic chal cam tng hay
cac tidc nhan dinh hudng... Viéc dp dung dong bod hang loat giai phap
cong nghé trén di cho phép lam tang ddng ké t6c do v hiéu qua tich
san pham, déng thai dinh huéng duge san pham tao thanh.

Trién khai thanh cong cong nghé lén men chim quy mé san xudt cong
nghiép d€ san xudt penicillin G (1942) va viéc hoan thién cong nghé lén
men ndy trén cdc san phdm khdc trong nhitng nam ti€p theo cho dén ngay
nay da cho phép thiét k& va ché tao dugc cic hé théng thiét bi 1én men ¢é
kha nang gidm sat chit ché va diéu chinh hiéu qua qua trinh 1én men theo
diing yéu cu cong nghé dat ra, ngay trong di€u kién san xuat 16n cong
nghiép. Cling véi cac véu to néu trén da gép phan quan trong cho su ra
doi cia cong nghé 1én men cong nghiép hién dai ngay nay, véi cic dic
trung tiéu biéu 12 1én men thudn khiét sir dung cdc bién ching cong
nghiép ¢é nang lyc siéu tong hgp san pham, 1én men trong cdc thiét by
coéng nghiép dung tich 16n va qu4 trinh 1én men dugc gidm sit, diéu khién
hét sitc nghiém ngat ¢ moi thoi di€ém sudt qud trinh 1én men.

Viéc phat hién, tinh ché va sir dung axit 6-aminopenicillanic (6-APA,
1959) 1am nguyén liéu dé san xudt cdc chat khdng sinh penicillin bdn
tong hop di cho phép tao ra hang loat didn xudt penicillin vd mét s6
khang sinh B-lactam bin tong hop khdc. Chinh ting dung nay da tré thanh
diém khdi ddu tao ra dién mao hodn toan mdi cho ¢6ng nghé san xuat vi
itng dung thudc khdng sinh. Ngay nay, hau hét cdc loai thudc khing sinh
thuong mai st dung trong diéu tri déu dugc bao ché tlr cdc ché pham
khing sinh bdn téng hop.

Chat khdng sinh dugc hiéu 1a cdc chat héa hoe xdc dinh, khong ¢6 ban

chét enzym, ¢6é nguén géc sinh hoc (trong d6 pho bién nhat 14 tir vi sinh vat),
véi dac tinh 12 ngay & nong do thdp (hodc rét thap) da cé kha nang dc ché
manh mé hoac tiéu dié¢t duge cdc vi sinh vat gay bénht ma van dam béo an
toan cho ngudi hay dong vat duge diéu tri.
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Co ché tac dung lén vi sinh vat gay bénh (hay cic déi tuong gay bénh
khdc - goi tat 1a mam bénh) clia méi chét khang sinh thudng mang dac diém
rieng, tuy thugc vao ban chat cta khdng sinh d6; trong dé, nhiing kiéu tic
dong thuong gap la lam r6i loan cau tric thanh t€ bao, r6i loan chitc nang
diéu tiét qua trinh van chuyén vat chat ctia mang t€ bao chat, 1am roi loan hay
kiém toéa qud trinh sinh téng hop protein, r6i loan qud trinh tdi ban ADN,
hoac tuong tdc dac hiéu véi nhiing giai doan nhat dinh trong cac chuyén hoa
trao déi chat (hinh 1.1).

. TEBAO TIEN NHAN TE BAO NHAN THYC SUf
\l’a? tong l’fl?p Vao tong hap protein Vao chuyén hod Vao axit nucleic
axit nucleic Aminoglycosid trao dichdt Griseotulvn
ault nalidixic (vao QT Cloramphenicol Claroquin
t8i ban ADN) Tetracychn e £ o
Ritampin (w0 QT phién ma) Erytromycin Trimehoprin-suipha Loracyleh

Metronidazol
Quinacrin

Metroridazol Clidamycin

Vao mang Vao thanh t& bao Vao chuyén hoa

& bao chit Pericilin trao doi chit ¥ao mang t& bao ché't
Cephalosparin _ Polyslen
Palymiin Wancomycin Trimethoprin-sulpha Imidazol
Cycloserin
Bacitracin

Hinh 1.1. Vij tri tdc dung chinh cua mét sé chat khang sinh

Nang lyc tich tu khdng sinh ctia ching hay nong do chat khdng sinh
thudng dugc bi€u thi bang mot trong cdc don vi la: mg/ml, pg/ml, hay don vi
khang sinh UI/ml (hay Ul/g, International Unit - don vi cia méi khang sinh
dugc dinh nghia la lugng khang sinh t6i thiéu pha trong mot thé tich quy udc
dung dich ¢6 kha nang tc ché hoan toan su phat trién clia ching vi sinh vat
kiém dinh da chon, thi du, véi penicillin 1a s& miligam penicillin pha vao
trong 50ml moéi truong canh thang va st dung Staphylococcus aureus 209P
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lam chéng kiém dinh; véi streptomicin 12 s& miligam pha trong Iml moi
truong canh thang va kiém dinh bing vi khuan Escherichia coli).

Hieu qua dng dung dicu tri clia méi chat khdng sinh duge xéc dinh qua
vige xem x€t hang loat chi tiéu khie nhau, trong dé mot s& chi tiéu chinh 1a:
hoat tinh khdng sinh dac hiéu, pho khing sinh, ddp Ung phin héi cla mam
bénh d6i véi khdng sinh dd, phan tng phu cua thudc, dudng cip thudc, su
chuyén héa thude trong co thé bénh nhan, dudmg hudng dao thai thuse va

tuong tdc qua lai gira cdc loai thuoe khi sir dung phai hop.

Hoat tinh khing sinh dac hi¢u la dac tinh cho thay ning lyc kim ham hay
tieu diet mot cach chon loc cde chang vi sinh gay bénh, trong khi khong gay
ra cac hi¢u tmg phu qud ngudng cho phép teén ngudi bénh duge didu tri. Dac
tinh nay duge bi€u thi qua hai gia tri 1a néng do kim him 161 thiéu (Mininum
Inhibitory Concentration — viét tat 1a MIC) va nong do diét khuan 6i thidu
(Minimum Bactericidal Concentration — viét tat [a MBC). xdc dinh trén cdc
doi tuong vi sinh vat gay bénh kiém dinh lua chon twong dng cho méi chat
khdng sinh. Pho khdng khuan cla chit khing sinh biéu thi 56 luong cic
chiing gay bénh bi tiéu diét bdi khdng sinh nav. Theo d6. chat khang sinh ¢é
thé tiéu diét duge nhi¢u loai mam bénh khdc nhau duge goi la chat khang
sinh pho rong, chat khang sinh chi ticu di¢t dwuoc it mam bénh la chit khing
sinh pho hep. Viéc phan loai chat khing sinh thudng can cit viio muc dich
riéng ma nguoi ta ¢é thé dua theo mét trong cdc nguyén tic khdc nhau sau:
phén loai theo nguén gdc sinh hoc ctia chiing sinh ra chat khdng sinh, phan
toai theo phd khdng sinh. phan loai theo co ché tic dung hay phan loai theo

¢o ché sinh 10ng hgp ra chat khang sinh dé.

Ngay nay, chat khang sinh ¢6 vai tro hét sic quan trong doi véi viec
cham s6c suc khoe con nguoi va nganh cong nghé san xudt chat khing sinh
la mot trong so it nganh cong nghiép mang lai hiéu qua kinh t& rat to 16a.
Chinh vi vay, hién trén th¢ gidi ¢6 rat nhiéu cong ty tham gia san xuit thudce

khang sinh (xem thi du trong bang 1.1),
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Dainippon Pharmaccuticat Co., Tokyo
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Bdng 1.1. Mgt sd cbng ty c0 sdn pham khdng sinh & Nhat Ban




Hang nam thé gidi tiéu thu mot lugng ding ké cdc chdt khang sinh (trong
nam 1995 riéng thi trudng c¢dc nudce tu ban da tiéu thu khoang 20.000 tan),
- vdl xu thé vé san lugng cong nghiép cla cdc san phim nhém nay lién tuc
tang trong sudt mdy chuc nam qua va vai tro tién phong trong nghién cdu tim
kiém cdc khdng sinh mdi ciing nhu tiém lyc san xudt chat khdng sinh trong
nhing nidm cudi thé ky XX phai ké dén ba cudng quéc cong nghiép hang dau
14 M¥, Anh va Nhat Ban.

Pang thoi. bai hoce kinh nghiém 1l thue tién dng dung dicu tri cling cho
thay nhu cau nghién. ¢iiu, san xudt cdc chit khdang sinh da bigt voi cic dac
tinh uu viét hon va viéc tim ki€m phdt hién cdc kl.aing sinh mdi van luon luon
[ vdn dé mang tinh thoi su va rdt cép thiel, dat ra khong chi & thoi diém hién
tal ma ca trong tuong lai. Dy bdo nganh ¢ong nghé 1én men san xudt khing
sinh cd 1thé phdt trién theo mdt s6 hwéng chinh la:

o Ti¢p tuc nghién cifu san xuat thém cdc ché pham ban (ong hgp cua cic
chat khdng sinh da bi&t nham md rong pho digu tri v mang lai cho ching
cac dac tinh uu viét hon. Theo hudng niy. chiém uu the€ v& ching Joai va
san luong kha nang van 1a cdc khdng sinh nhém B-lactam (cde penicillin,
cephalosporin, c¢ephamycin bdn tong hop). Cdc nhém chat khing sinh
khdc nhu: tetracyelin, kanamycin, rifamycin, lincomyein, chdamyem... s¢
dugc ing dung dicu tri ngdy cang pho bién hon. Bén canh dé, ngudi ta
ngiy cang quan tam nhiéu dén cdc khdng sinh ¢é cic hoat tinh mdéi nhu:
khang nim, khéng virus, khdng sinh ¢6 kha ~ing kim hdm su phat trién
cua cdc khai u...

e Hoan thién cdc phuong phap phan lip, tuyén chon, tao cic bién ching
siéu tong hop. diéu chinh dwdng hudng cdc qua trinh trao doi chat va
duong hudng qua trinh 1én men, dp dung cdc cong nghé tach va tinh ché
mdi, hoan thién va ap dung cic ky thuét phan tich hién da (dac biet la ky
thuat “in vivo assay systems™)... d¢ trién Khal san xuit cong nghi¢p duoce
cac chat khdng sinh quy d3 kham phd ra trong giai doan trude (nhung
chua trién khai 1én men san xuat duoc do hoat iuc sinh téng hop cia
ching khong cao, thi du, f-lactam tir xa khuin, monobactam tir vi
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khuan...) hay diéu chinh dinh huéng qud trinh lén men dé ¢6 thé lya chon
thu cac san pham lén men tu nhién khdc nhau theo nhu cdu, trén ciing
mot doi tuong vi sinh vat va day chuyén cong nghé.

» Tiép tuc tim kiém phat hién céc chit khdng sinh méi, bao gém ca mé
rong viéc tim ki€m phat hién kha nang sinh tong hop chat khang sinh
sang cdc nhom vi sinh vat khdc, thi du nhu cdc vi sinh vat bién, ciac vi
sinh vat ¢ doi hoi nghiém ngat vé khong ché diéu kién nuoi, cdc lodi tao.
cédc loai khang sinh thuc vat..., nham trién khat san xuat thém cdc khang
sinh m&i ¢ dac tinh vu viét hon.

* San xuat cic ch€ pham diéu tri v6i su phoi hop nhiéu Joat thudc, qua dé
mo rong kha nang tng dyng va hiéu qua diéu tri clia cac chat khang sinh
da bi€t; dong thdi, gép phdn lam giam nguy co khiang thuée vi han ché
bdt cdc hiéu ting khéng mong mudn cita moi chat khdng sinh.

¢ Mo rong them kha nang dng dung cdc chat khang sinh vae cdc linh vuc
kinh t& va khoa hoc khdc, thi du, tng dung trong chan nudi, bio quan
thuc pham, néng nghiép, bio vé mai trudng, nghién ciu khoa hoc...

1.2. CHUC NANG SINH HOC CUA CHAT KHANG SINH

Cdc chdt khang sinh da biét dén nay hét sic phong phd vé s6 luong, da
dang vé ching loai, vé cdu tric phan r v khdc bi¢t nhau nhiéu ci vé co ché
téc dung. Tuy nhién, ngudi ta dé dang nhan ra mot s6 diém dac trung cua
cong ngh¢ san xuat cac chat khang sinh pho bién hién nay 1a: dai bo phan cic
chat khang sinh déu duoc sdn xuat theo phuong phdp 1én men gidn doan hay
bdn lién tuc, cdc san phdm khdng sinh thudng dugc tich tu trong pha sau clia
qud trinh lén men (iodophase), cic ching sinh khdng sinh thuong téng hop
dong thoi mot ho gém mot s6 chat ¢é cau tric va dac tinh rdt gan giii nhau
(ho cdc chat khang sinh), kha nang sinh téng hop khdng sinh clia ching dé
dang bi mat di do céc bién d6i vé di truyén (dot bién hay trao déi plasmid) va
du cac chét khdng sinh dugc chinh vi sinh vat tong hgp ra, song duong nhu
ching khong ¢6 vai tro 16 rét ndo d6i vdi su phét trién sinh 1¢ binh thuong
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cua chung sinh téng hop ra chinh chat khang sinh &v. Mot diém dé nhan biét
nita 12 kha nang sinh tong hop céc chit khang sinh khong phan bo déng déu,
ma tap trung chi yéu vao nhém hep cdc vi sinh vat (trong s6 khoang 5.500
chat khang sinh da biét dén nay cé 61 hon 4.000 chat 1a tir xa khuan).

Ca ché qua trinh sinh tong hop chat khidng sinh xay ra rat phdc tap va da
dang. trong d6 c¢é rat nhiéu diém chua duoc lam sdng 16 hoan toan. Vé van dé
nay, hién vin t6n tai nhiéu quan di¢m khic biét nhau, thi du, nang luc tich ty
khdng sinh 1 “san pham du thira” cta qua trinh ti€n hod, chit khdng sinh
cling 12 nhiing sin phdm cia qué trinh trao déi chat ndi bao binh thudng,
nang luc tich tu khang sinh cling ka mét dusng hudng dé du it thic an, chat
khang sinh 1a mot thanh phin ciu thanh cia vo bao tir hay chat khing sinh la
san pham chuyén héa cac polymer cao phan ti trong t& bao. Trong s nay, ¢

hai gia thuyét dugc nhiéu ngudi ung ho hon ca li:

o Viéc tong hop cdc chat khdng sinh nham tao ra uu thé phdt trién canh
tranh co loi cho ching sinh khdng sinh, nho dé chiing cé thé tiéu diét
hay kim ham duoc su phdt trién cua cdc loai khdc cing tén tai va phat
trién trong hé sinh thdi cuc bo dé. Gid thuyét nay dua trén co sd thuc
tién 14 kha niang tdng hop chat khdng sinh thudng gap pho bién hon & cic
loal vi sinh vét soéng trong ddt vit phan 16n cdc vi sinh vat hoai sinh song
quanh ving ré thuc vat déu 13 cdc loai sinh khdnh sinh. Péng thoi, hiu
hét cac chiing vi sinh vat sinh khdng sinh déu c6 (hé tong hgp chit khdng
sinh trong méi trudng dat vo khudn, dat ¢6 b sung thém chit hitu co va
dugc vo khuan hay dat chua vé khuan c6 tron thém mot s6 chat hitu co.
Nhin chung dat 13 méi trudng ngheo chit hitu co va chi quanh viung ré
mGi ¢d nhiéu chat hitu co hon. Vi vay, dé tao uu thé canh tranh sinh 6n,
trong qud trinh tién héa ning luc tong hop khing sinh dd xuat hién va
hoan thién dan theo thoi gian che dén ngay nay. Tuy nhién, gia thuyét
nay lai khong thoa min quy ludt clia chudi thite an, trong trudng hop mét
s6 chat khang sinh tir vi khudn hay ndm nhung lai tiéu diét va kim ham
dugc ¢a nhiéu loai nguyén sinh dong vat.
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» Viéc tong hop chdt khing sinh la mot dic tinh can thiét va ddm bdo
cho khd ndang séng sot cao cho chiing sinh ra chdt khdng sinh trong tw
rhién, nhdt la véi cdc lodai ¢ bao tit. O rat nhidu 1odi vi sinh vit sinh
khang sinh ¢ bao tlr. chat khdng sinh thuting dugc tdng hop trong giai
doan chuyén doi trang théi tén tai cia 1€ bao (khi hinh thanh bio tir hoic
khi bao tr nay mam). Phai ching chat khang sinh ddm nhiém nhimg chdc
nang déc bi¢t nhat dinh ndo dé trong giai doan bién déi manh mé clia co
thé nay? Ngudi ta dd xdc dinh duoe mot s6 chat khing sinh 6 tac dung
tc che su ndy mam cia bao ur chinh ching sinh ra khdng sinh d6. Nhu
vay, ¢6 (hé chat khang sinh dam nhi¢m chde nang gbp phan kim ham su
nay mam cua bao tir, cho dén khi di¢u kién moi trudng ngoii hoan toan
thich hop cho su phit trien cia ching. Qud trinh hinh thanh (heac nay
mam) bao tr va qué trinh téng hop chat khiang sinh ¢6 thé xay ra doc Iap
vOi nhau, song vé nguyén ly ching déu duge kiém sodt bdi co ché didu
chinh chat ché va théng nhét cia 1& bao chi. Diém chua logic cta gia
thuyét nay la khong giai thich duoc tai sao mot s& bién ching mat kha
nang sinh khdng sinh nhung van ¢6 thé hinh thanh bao t binh thusng
hay tewdng hop ¢ ching mat kha nang tao bdo 1 van c¢6 thé sinh téng
hop duge chat khang sinh.

Mot hién tuong pho bién duge ghi nhan 13 cdc ching vi sinh vat sinh
khang sinh c6 the s6ng sét hay duy tri duoc hoat dong séng trong moi trudng
¢6 chat khdng sinh do né tich tu. Song néu béd sung chinh chat khang sinh
nay ngay 1 dau, hiéu (ng kim ham o rét su phét trién ctia ching xuat hién &
rat nhiéu trudng hop. Dif li¢u trén cho thay: vi sinh vat vén c¢6 kha nang tu
dieu chinh d¢ sao cho trong giai doan phat trién sinh khai thi qud trinh sinh
tong hop cic enzym cdn thiét cho viéc tdng hop ra chét khdng sinh s& bi kiém
toa hay (ic ché manh mé. hoac chiing ¢4 thé tong hap ra cic vcu t6 ¢6 thé 1am
bién doi cau triic (hoac lam giam hoat 1inh) chat khang mnh hay tham chi
chung sinh khdng sinh c6 thé tu bién déi cau triic co thé dé bao v¢ minh
trong moi trudng khdng sinh dé. Ngodi ra, trong qua trinh [én men san xuat,
do thoi gian lén men dai nén cdc ching vi sinh vat sinh khdng sinh van bi
chét dan trong moi trudng.
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1.3. HIEN TUONG KHANG THUOC, BAN CHAT SU KHANG
THUSC CUA VI SINH VAT VA HOI CHUNG LOAN KHUAN KHI
SU DUNG THUOC KHANG SINH

1.3.1. Hién tugng va ban chat khang thudc clia vi sinh vat

Hiéu qué diéu tri cua thude khdng sinh (hay cla cdc chat héa tri liéu ndi
chung) phu thudc rit Idn vao su nhay cam cla vi sinh vat gay bénh vai chat
khdng sinh dd. Khi diéu tri khdng sinh. mam bénh bao gi ciing ¢6 nhiing
“dap ung phan hoi lai” su ¢ mit cita chit khdng sinh trong moi trudng va ket
qua fa ching s& bi ticu diét hay ¢6 thé song st trong diéu kién nay. Hién
tuong mam bénh van con song s6t sau khi di dieu tri khdng sinh duoc goi la
hién tuong khang thudc (trén phuong dién kiém nghi¢m, vi sinh vat gay bénh
dugc coi 1a khdng thuée néu néng do MIC ctia chat khang sinh kiém nghi¢m
in vitro trén déi (wgng nay cao hon néng do diéu tri toi da cho phép doi véi
bénh nhan). T thue tién diéu tri cho thay, lich sir viin dé khdng thudc cua vi
sinh vat gay bénh gin nhu dong hanh véi lich st ting dyng chat khang sinh
va viin dé nay cd xu hudng xuat hién ngay cang thudong xuyén, vo1 mitc do
ngay cang tram trong hon.

Kha nang khang thuéc clia vi sinh vat gay bénh ¢ thé duge hinh thinh
ngau nhién trong quan the, nghia 1a kha nang nay did dwgc hinh thanh ¢ mam
bénh ngay khi ching chua ti€p xidic véi moi truong chida chat khang sinh.
Dang khing thuéc nay duge goi 1a kha nang dé khdng sinh bhoc. Nguyén
nhdn cta hién tuong nay cé thé do dot bién ngdu nhién trong nhiém sic thé
lam trong quan thé vi sinh vat gy bénh xuat hién cdc t& bao (hay tham chi
chi can mot vai t€ biwo) ¢é kha nang khdng thude. Do dé, khi bénh nhan duoc
diéu tri khing sinh trong thai gian nhat dinh thi chi ¢é cic t€ bao thudng bi
tieu diét, con cdc t€ bao khang thude nay van séng sdt, ti€p tuc sinh trudng,
phét trién dan bt dap cho ca 6 € bio da bi tiéu diét, két qua lam thay déi
hoan toan ban chat vi sinh cla bénh va vo hiéu héa tic dung dicu ti coa
thudc khang sinh dé. Kha ning nay cho phép 1y gidi hién tugng khdng thuéce
van ¢6 thé xdy ra ngay ca véi cdc chit khang sinh mdi dua vao sir dung diéu
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tri. Hién tugng trén doi hoi ngay cdc chat khang sinh médi cling phai duoc tién
hanh ki€m nghié¢m toan dién, k¥ ludng va xem xét can nhic, ddnh gid toan
dién hiéu qua diéu tri ctia ching trude khi dua san pham vio luu hanh.

Tuy nhién, kha nang khdng thudéc cta vi sinh vat gay bénh thudng xuil
hién pho bién hon nhiéu sau khi ching di ti€p xiic v6i khéng sinh, vi vay
truong hop nay con duge goi 1a kha nang dé khdng diéu tri. Nguyén nhan cla
hién tuong nay la do trong t€ bao vi sinh vit cé chita cdc yéu (8 khang thudc
R tiém an (Resistance Factor). YEu 16 khing thude R ¢6 bin chat plasmid.
Khi vi sinh vat song trong moi truong ¢6 khang sinh, cac plasmid khdng
thudc cta chiing s¢ duge hoat hod, tur sao chép dng hop ra vo $6 plasmid
mdi. Chinh hoat tinh cta cdc plasmid nay s& lam ting sic dé khang cho ¢
bao chi. nho vay ching van c¢6 thé ton tai va phat trién trong moi trudng cé
khang sinh. Do ¢6 ban chat plasmid nén cdc y&u t6 khdng thude R nay rat dé
dang van chuyén qua lai gilfa cdc lodi gan giii nhau qua bi¢n nap, tai nap hay
t1ép hop.

Nhu vay, viec sir dung cling loai khdng sinh kéo dai hoac lam dung thusc
khdng sinh (thy tién st dung thuée khong dang liéu lugng, khong ding chi
dinh va khong du thai gian can thiél) da vo tinh tao ra uu thé phat trién canh
tranh cho cdc ching vi sinh vat ¢é kha nang khing thudc, déng thdi trd thanh
li¢u phdp kich thich cdc ching khéng thudc nay téng hop ra vé s6 plasmid
mdi. Chinh ca hai hi¢u dng (rén lai tré thanh déng luc lam tang (an sudt
chuyén van cic plasmid khdng thude nay sang céc lodi lan can khdc trong hé
sinh thdi. véi tan sudt chuyén 16n hon rat nhiéu ldn trong tu nhién va bao gém
cd viée chuyén plasmid ndy sang cdc lodi vi sinh vat gdy bénh. Hau qua cdc
hi¢u img nay lam tang thém nguy co mat hiéu luc diéu tri clia thuée khang
sinh, mic dit ngay trudc d6 khdng sinh nay van duoc sir dung d¢ diéu tri rt
hi¢u qua (xuat hién kha nang dé khang diéu tri).

Mot thye t€ ddng quan ngai khac la xu thé sit dung tdy tién chat khéng
sinh trong chan nuoi, dac biét 1a bo sung vao khi ch& bién thitc an gia stic, gia
cam nudi lay thit, tring, sifa... Khi dé. ngoai cc tic dung 6 lgi du kién,
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chinh chat khéng sinh bd sung s€ tao ra méi trudng phat trién chon loc cho
cac chiing mang yéu 16 khang thudc R trén dong vat nuodi. Khi sir dung thit,
tring, sifa... cta ching lam nguyen licu ché bién, cdc chiing khang thuée nay
sé€ kéo theo vao trong cdc san pham thuc pham. K& qua khi ngudi tiéu ding
stt dung cdc thue pham nay, mot mat ho phai 1i€p nhén phan du lugng khdng
sinh trong san pham; nhung mat khdc, nguy hiém hon ta cdc loai vi sinh vat
khang thudc trong cdc san pham thuc pham thuéc nhém ndy ¢6 wu thé tén
tai, phat trién cao hon va cdc plasmid khidng thude cla chiing lai dang o trong
trang thdi hoat hod. Céc lodi vi sinh vat khdng thudc nay, sau khi xam nhap
duoc vao co thé, chiing c6 thé truyén kha nang khéng thudc cho cde vi sinh
vat gay bénh, véi tdn sudt cao hon rit nhiéu so v6i ngoai tu nhién, trrong tu
nhu trudng hop néu trén. Bén canh d6. mot s6 chung khdng thude nay ¢6 thé
cling la chiing gay bénh tryc ti€p cho ngui. dién hinh la cdc ching gay bénh

thuoc gidng Salmonella va Listeria.

Co ch€ cha su khiang thude rit da dang va thudong khac nhau vdi ting
chung vi sinh vat. Mot s0 lodi vi sinh vat ¢é kha nang khang thudc tu nhién
vl mot s6 khdng sinh nhit dinh. do thude nay khong téc dong lén ching (thi
du nhu nam, virus, nguyén sinh déng vat, do trén thanh t&¢ bao khong c6 16p
peptidoglucan nén khong chiu tdc dong cua cic khdng sinh nhém f-lactam).
Con nhin chung, cdc chdng vén nhay cam vai chit khdng sinh lai tré nén
khang thudc thudng xay ra khi ching thu nhan duge mot trong cdc dac tinh
mdi nhu: ¢é kha ning lam vo hoat hay pha huy chat khang sinh (bang cach
tong hgp ra cic cnzym ngoai bao lam phd v cdu tric cia chdt khiang sinh
hay lién két véi chat khang sinh dé tao ra dang kém hiéu luc khdng sinh hon),
¢é thé wr diéu chinh kha nang hédp thu cia mang € bio chdt lam giam hodc
ngan ngira chat khiang sinh xam nhap vao trong t€ bao chat, c¢é kha nang lam
bién déi cau tric phan ti clia noi hodc vi tri ma chat khdng sinh tdc dung vio,
hay chiing c6 thé tu diéu chinh thay d6i dudng hudng trao déi chit dé vo hiéu
héa tdc dung ciia chat khdng sinh do...

Bén canh hai hién twong khdnh thudc néu trén, trong thyc tién con ton tai
hién tuong khdng chéo (hay khdng nhém), nghia 1a mét chung khi di khéng
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lai chat khdang sinh nhat dinh thi ching cling cé kha nang khdng luén mot sd
chat khang sinh khdc cing nhém ciu ric hay ¢6 cdc dac tinh tuong déng véi
chit khdang sinh dy, thi du nhu mot s6 chung vi sinh vat gay benh da Khdng
duge penicillin thi cling cé truong hop khdng luon nhiéu khdng sinh -lactam
khic.

Pé khéc phuc hién tuong khdng thudc ciia vi sinh vat gay bénh, giai phdp
truc quan va don gidn 1a st dung cdc dang khing sinh mdi. Tuy nhién, viéc
tim Ki€m, phdt hién va san xudt ra mot khang sinh méi 1a ca mot khéi luong
cong viec khéng 16, tiéu ton rdt nhiéu thoi gian, nhan luc va tién bac. Dong
thti, dé sy khdng thudc xdy ra cling déng nghia v6i viée phdi trd gid bang sic
khoé va tinh mang cla bénh nhan. Chinh vi vay moi nd luc nhim han ché
xudt hién kha nang khidng thudc cang trd nén cén thiét va hiéu qua; trong do.
trudc hét cdn triét dé ton trong ba nguyén tic sir dung thude khang sinh 1a:

e Chi dinh diéu tri khdng sinh ding (lam khang sinh d6 dé chon ding
khing sinh thich hop dé chi dinh diéu tri; dung thuse ding liéu, ding
phdic doé. du thoi gian diéu tri; chi ¥ phat hién som dau hiéu khdang
thuée);

» Khong lam dung khang sinh khi chui cdn thi¢t (khong lam dung "dicu tri
phong ngira” bang thudc khing sinh, nghiém cdm bénh nhan ty chi dinh
di¢u tri thude khang sinh thay bic si);

» Nghiém cam sitr dung tran lan chit khing sinh trong chin nuéi va giam

st chat ché viéc su dung khang sinh trong thi v.

1.3.2. Hdi chitng loan khuan trong diéu tri

Qua lich st trén nira th€ ky ing dung chdt khang sinh da cho thdy, bén
canh hiéu qua diéu tri 1o 16n. viéc s dung thudc khdng sinh khong nhing
fam xuat hién nguy co khdng thudc, ma con ¢é theé giy ra su bién déi bat loi
khong mong muén vé ban chat hé vi sinh vt trong ca thé bénh nhan. Ngiy

nay v hoc da khiang dinh trong mdi co thé ngudi khoé manh déu 16n tai hé
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sinh thdi cdc vi sinh VAt lanh tinh, thuc hién cic chite ning ¢é ich cho co thé
chl, va stic khoé clia con ngudi gan lién v&i viéc duy tri su phdt trién can
bang va can déi clia hé vi sinh vat ¢d lgi d6. Pién hinh cho nhém céc vi sinh
vat nay 1a hé vi sinh vart lanh tinh ¢é loi khu tra trong dai trang. Khi bénh
nhan su dung thudc khdng sinh, dac biét trong trudng hop s dung thudc
khang sinh kéo dai, song song véi hiéu qua tiéu di¢t mam bénh, ciing déng
thdi ¢6 thé tiéu diét ca cdc loai vi sinh vat khdc, trong do bao gdém ca cdc loai
vi sinh vat lanh tinh da néu trén. Hién twong nay clng tang theo phd khang
khudn cia chdt khdng sinh, nghia 14 nguy co xuat hién cang cao khi sir dung
khang sinh phé cang rong. Két qua la sau khi két thic phic d6 diéu tri khing
sinh, ngoai dé lai nguy co khdng thudc, con ngiu nhién tao ra di¢u kién phit
trién thuan lgi hon cho cdc chiing vi sinh vt méi xam nhap (do khong phai
phat trién frong moéi trudng canh tranh vi hé vinh sinh vat cé ich da b tieu
diét) dn tdi lam thay déi hoan toan ban chat hé vi sinh vat trong co thé theo
chiéu hudng ¢6 hai cho sic khoé. Hoi chiing bénh 1y do hién tuong trén gy
ra duoc goi chung Ia bénh loan khuan. Liéu phép diéu tri hi¢u qua nhat cho
truding hop nay la nhanh chdng khoi phuc lai hé sinh thdi vi sinh vat lanh tinh
¢6 ich cho co thé, song day lai 1a vin dé rdt nan gidi va khé khan, hon nita lic
nay ciing 1a thai diém nang luc tw vé clia bénh nhan da bi suy giam, do sic
khoé cta ho chua kip binh phuc.

Trén quan diém (ng dung, c4c chat khdng sinh phé rong c6 wu the chi dinh
diéu tri cao hon irong trudng hop trudng hop cong tac chan dodn xdc dinh
mam bénh khé khan hay khi cdn diéu tri phong ngira; song phé khdng khuan
cang rong thi nguy co i ro s& cang cao, trén ¢ hai van dé lam tang nguy cd
khdng thudc va nguy co loan khudn. Chéc chin trong tuong lai ngudi ta van
né luc d€ khai thdc hiéu qua hon wu the clia méi nhém khang sinh. Cung voi
viéc hoan thién cac trang thi€t bi phuc vu chin dodn lam sang va cdn lam
sang, két hgp véi nang cao khong ngiing nang luc chan doén xdc dinh clia
thiy thudc diéu tri s& cho phép si dung cdc khang sinh phd hep ngay mot
rong rii hon: nghia 13, trén phuong dién clia ngudi san xudl, can nhan thic,
dénh pid ding muc va chudn bi trude cho xu hudng tang dén ti trong khing
sinh pho hep dugc san xuat ra trong tuong lai.
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1.4. PIEU CHINH SINH TONG HOP CHAT KHANG SINH

Ciing nhu véi tat ca céc qud trinh 1én men khic, viéc diéu chinh sinh téng
hop chat khang sinh trén nguyén tic ¢6 thé duoc thuc hién qua hang loat co
ché€ khdc nhau, thi du, co ch€ cam tng, co ché kiém tod, co ché tc ché
ngugc... Trong thue tién, diy la mot bai 10dn khd khan chi ¢6 thé dugc giai
quyét thong qua viéc phdi hop hang loat giai phdp khoa hoc va céng nghé,
trong d6 ¢6 thé phén chia thanh hai nhém 16n la:

¢ Tuyén chon va tao ra céc chiing coéng nghiép siéu tdng hop chat khang
sinh; va

e T6i uu héa thanh phian méi trudng, thi€t bi lén men va di¢u kién van hanh
qua trinh l&n men.

1.4.1. Tuyén chon va tao ra cac chiing céng hghiép
siéu téng hop chat khang sinh

Viéc nghi¢n ctu tim ki€m thu thap cdc chung ¢é nang luc sinh tong hop
khang sinh cao dd dugc trién khai mang lai hiéu qua kinh (&€ ngay tit nhimg
nam 40 cua thé¢ ky XX va ngay cang duoc hoan thién o trinh do cong nghe
cao hon. Trong thuc 1€, cdc ching ¢éng nghiép “siéu 16ng hop chat khing
sinh™ da thu duge cho dén nay la thanh qua cta su phoi két hop dong bo hang
loat giai phdp k¥ thuat tuyén chon giéng va tao ching tién tién, dic biét c6 su
déng gop cta cac k¥ thuat gay dot bien. k¥ thuat dung hop t€ bao, k¥ thuit
tdi t6 hop va cdc giai phdp k¥ thuat gen khdc. Nhin chung, qud trinh tuyén
chon tao chiing cong nghiép siéu tong hop khing sinh ciing thudng trai gua
sdu gial doan co ban la: phan 1ap tir thién nhién, nghién citu x 1y tao cdc

&

bi¢n ching “siéu tdng hgp” ¢6 hoat luc cao, tuyén chon so b, tuyén chon lai
thu cic ching c¢6 hoat tinh cao quv mo phong thi nghiém. thir nghi¢m va
tuyén chon lai trén quy mo san xudt thir nghiém pilot. thir nghiém va chon
loc lai cde ching phit hop véi diéu kién 1én men san xuit 16n cong nghiép.
Trong cdc giai doan trén, budc tuyén chon lai quy mé phong thi nghiém Ia
cong doan tuyén chon toan dién va k¥ ludng nhit; né bao gém ca viéc nghién
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cu dic tinh sinh 19, sinh hod, dong hoc phat trién cia chang, dong hoc qué
trinh tao san pham, x4c dinh ngudén co chat va diéu kién lén men (61 uu va
nghién citu cdc diéu kién cong nghé thich tng dé xu 1y dich lén men thu sin
pham... Con giai doan tuyén chon lai trén quy mo san xudt thir va quy mo san
xuit cong nghiép duoc dinh hudng vdo hiéu qua kinh t& nham foai bod céc
chiang chua hoi du céc diéu kién phl hop v san xult 16n, twong tng voi co
$¢ trang thiét bi hién tai, nguén nguyén licu gin cé. trinh dé cong nghé va
nang luc van hanh cia luc lugng sin xuat... mot cach hiéu qua,

Muc tiéu clia qué trinh tuyén chon 1ao bién chiing cong nghiép khéng chi
dimg lai & nang luc si¢u 10ng hop khdng sinh ¢ita chung, ma con dinh huéng
dong thoi vao cdc muc tiéu kKhic nhu: tao ra cdc bién chung tich tu it cdc san
phim khéng mong mudn, cdc bi¢n chung tdng hop ra cdc san phidm hoan
toan mdi (nhat 13 cdc sian pham ¢é ciu tic va dac tinh mong muén theo
“thiél k& cha con nguoi), cdc bién chung rat nhay cam vai chat khang sinh
hay cdc chung ¢é site dé khing cao vdi nhiing chat khing sinh nae doé... Viec
tuyén chon va tao ching cong nghic¢p Ia cong viée lau dai va ticu ton rat
nhiéu nhan tuc, doi hoi phai duge tign hanh nghiém tic, lién tuc va thudng
xuyén. Céc bién ching si¢u tong hop thu duge sau dé duge bao quan hét sitc
can than véi nhiéu bién phap bac quan khéc nhau; trong qud trinh san xuat
phai dinh k¥ ki€m tra lai hoat tinh cta chung.

1.4.2. T6i vu héa thanh phan mai trudng, thiét bi Ién men
va diéu kién van hanh qua trinh 1én men

Thanh phian méi trudng va diéu kién tién hanh Ién men chét khang sinh
nhin chung thudng khong duge cong bo cong khai, ma duge bao o chit che
dudi dang cic sang ché doc quyeén hay dugc luu gilt trong ting ¢o 5G san xuat
cong nghiép vi duge xem nhu nhiing bi mat thuong mai. Thuc t€ nay cho
thay, viéc 161 uu héa thanh phidn mol wudng lén men cd vai trd rat quan
trong, quyét dinh nang luc vi hiéu qua chung cua toan qua trinh. Sy da dang
cua cdc ching dugce sir dung cling véi nhu ciu da dang tuong dng vé nguon
dinh dudng lam cho thanh phén moi trudng va néng do can thi€t cua cdc cdu
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tur trong cdc mot truong s& khac nhau. Véi bat ky du dn nghién cuu trién khai
nao trong cong ngheé 1én men khdng sinh (va cong nghé 1én men hién dai néi
chung), viéc xdc dinh ngudn nguyen liéu chinh, thanh phan moi trudng 1én
men va nong do tuong ting clia timg cau td trong ting thai diém cy thé cia
qud trinh déu duge xdc dinh qua con dudng thuc nghiém, trén co sé& kiém tra
trén hang loat co chat du kién chinh, cdc tién chat, cac chat dinh dudng khic,
cdc chat phu gia ky thuit... Nhin chung, ngudn thiic an cacbon thuong dugc
fua chon la: cdc loai bot va hat ngli c6¢c, cam my, cdm gao, vd khoai tay, ri
duong, cdc loai dudng (glucoza. fructoza, maltoza, lactoza..), dextrin,
glycerin, axit axetic, manit, cdc Joai ruou, dich thuy phan gé, nudc thii ho
sulfit... Nguon thic an nito ¢6 thé la: bot dau wong, nude chidt ngo, cao ndm
men, nude chi€t ndm men, pepton. cic mudi NO;, NH,..: cdc nguyén to
khodng da luong thuong gap nhu: photpho. luu huynh, ma nhé, sét, canxi,
kali, natri: ¢dc nguyen t6 vi lugng nhu: déng, kém, cé ban, molipden; va cic
chat sinh trudng...

Viéc thay déi thanh phan méi truding, néng do cée cdu tir v su bién thién
nong do cla ching trong sust qui trinh ¢6 quan hé chat ché véi hoat dong
trao ddi chat cta vi sinh vat, nghia 13 ¢6 quan he chat ché véi phé cac san
phim tao thanh ctta qud trinh (dnh hwdng niy xuat hién ca véi cic cdu tir da
lugng ciing nhu cdc ciu ti vi lugng, cdc ton khodng, vitamin, chat didu hoa
sinh truong...). Dac biét trong cong nghé [én men chit khdng sinh, méi co
chat nhat dinh c6 the tic dong len qud trinh [én men theo nhiing chiéu hudng
khdc nhau (cam tng. kiém toa hoac hén hop...) va tic déng nay bién déi phu
thude vdo moi chlng vi sinh vat trong boi canh tuong tic chung véi cic yéu
t6 khdc cua qua trinh. xay ra vao thoi diém dé. Thi du, trong cong nghé lén
men penicillin, glucoza du s& cdm (ng t6t cho sur phat trién hé sgi ndm méc,
song lat kiém tda manh mé sinh téng hop penicillin: véi nhiéu qud trinh lén
men chat khdng sinh khdc, nguén thic an NH," thudng ducc uu tién déng
héa nhanh nhung hiéu qua tich tu san pham lai cao hon khi st dung bot dau
tuong hay prolin hodc, mac dit cudng do trao ddi chat gan lién véi t6c do
téng hop cic hop chit cao nang ATP. song t6c do tich tu nhiéu chat khang
sinh chi bat dau xdy ra rd rét khi nguén thitc an phosphat di giam xuéng dudi
khodng nhat dinh hay ¢6 ddu hiéu can kiét...
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Xét trén mot gée do kKhdce, qua trinh sinh tong hgp cac chat khang sinh
ciing [a mot qud trinh chuyén héa sinh hoc qua hang loat phan itng véi su xtc
tic cua nhiéu enzym khac nhau. Do d6 ngudi ta clng c¢6 thé diéu chinh
cuong do qua trinh thong qua viée tdc dong truc tiép lén mot giai doan hay
mot mat xich trong qud irinh chuyén héa do, thi du, sir dung cdc tdc nhan dé
cam (ng sinh t6ng hop mot 6 enzym nhit dinh, tic nhan dé kiém tda hoat
dong cha mot sé enzym khdc, sir dung cac co chit canh tranh dé thay déi
dudng hudng chuyén héa hay tao ra diéu kién nhdm duy tri 6n dinh néng do
mot val cdu t trung gian..., qua do ciing c6 thé lam tang (5c do tich tu san
pham hay dinh huéng t6ng hgp ra nhiing khing sinh khdc nhau. Xuat phdt tir
co s 1y luan trén, trong ¢oéng nghé san xudt chat khang sinh da ra doi ky
thudt 1én men hai pha va ky thudt [én men dinh huéng. Véi cac cong nghé Ién
men nay, viéc sir dung cic cau to trén (cdc tién chat, chat cam ing, chat kim
hdm, chat dinh hudng... va ca chat pha bot) ding liéu lugng va diing thoi
diém s& ¢6 y nghia rat quan trong, tac dong truc i€p dén chat luong va hiéu
qua chung cla ca qud trinh tén men. Duong nhién, viéc diéu chinh pang luc
tong hop chat khdng sinh qua thanh phin moi trudng 1én men hay tic dong
truc tiép vao mot mat xich chuyén hda cla qud trinh trude hét nham tao ra
nhidu san pham v&i hiéu suat chuyén héa cao, nhung dong thdi phai dam bao
dugc yéu cau s6ng con dbi v4i san xudt la: kha thi trong diéu kién san xuat
thuc tién va dap ving duge cdc chi tiéu vé hiéu qua kinh t€, gép phin ha gid
thanh san pham.

Pong thai vai cdc gial phdp trén, trong qua trinh 1én men ngudi ta bao gid
cing ¢§ giang khai thdc hiéu qua tidc dong cua cdc yéu t§ khdc trong moi
trrong nhu: nhiét do lén men t6i uu, pH, néng d6 oxy, thé oxy hod-khir,
cudng do suc khi, cuong do khudy tron dich 1én men..., nghia la hiéu qua
sinh téng hop san pham thu dugc bao gits cling 13 két qua clia su phoi hop tac
dung cua tat ca cdc yéu td, cdc diéu kién trang thiét bi va cong nghé ciu
thanh nén cong nghé 1én men san pham dé.
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CONG NGHE LEN MEN
KHANG SINH PENICILLIN

2.1. DIEM LICH SU PHAT HIEN VA SAN XUAT PENICILLIN

Chat khang sinh penicillin dwge phdt hi¢n tinh ¢ vio nam 1928: trong
khi lam v¢ sinh phong thi nghi¢m ctia minh, Alcxander Fleming da chu y dén
mot hop petri nuoi Staphviococcus bi nhiém ndm méc Penicillium notatum
¢ xuat hién hién twong vong vi khudn bi tan xung quanh khudn lac ndm. Khi
Ong cdy ndm mdc trén thu nghiém lai trén mot s6 lodi vi khuin gay bénh
Khdc thi van thdy hién tuong trong tu xdy ra. Tir dé ong két luin 1A ndim mée
da 1i€t ra méi trudng mot chat nhat dinh lam tan vi khudn va éng da sir dung
ngay €n gidng ndm Penicillin d¢ dit tén cho chat khang sinh nay (1929).
Cong trinh khoa hoc clla Fleming ngay 1ap tic thu hiit dugc su quan tam chi
¥ cta nhicu nha khoa hoc trén thé gidi. Gan nhu déng thai, nhiéu phong thi
nghiém & cdc nude déu trién khai nghién citu thu nhan penicillin va chi sau
khoang thdi gian ngan cdc nha khoa hoc MV di trién khai 1én men thanh
cong penicillin theo phuong phdp lén men bé mat (1931). Tuy nhién, ciing
trong khoang thoi gian d6 moi nd luc nhim tich va tinh ché penicillin tir dich
lén men déu thdt bai do khong bio vé duge hoat tinh khdng sinh cla ché
pham tinh ché va, do d6 van dé penicillin tam thoi bi lang quén.

Nam 1938 ¢ Oxford, khi tim lai cdc tai li¢u khoa hoc di cong bo, Ernst
Boris Chain lai dé tam dén phdt minh cua Fleming va ong di dé nghi Howara
Walter Florey cho ti€p tuc trién khai nghién ctru nay. Chi sau hai nam phong
thi nghi¢m cia 6ng da tinh ché duge mot lugng 16n penicillin, di dé thir
nghiém trén cdc loat dong vat thi nghiém va két qua diéu tri thir nghiém da
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thanh cong my man: ngay 25/05/1940 penicillin da duoc thi nghiém rat
thanh cong trén chudt. Mot thdi gian ngén sau do, trong nod luc cudi cling
nham cttu s6ng céc thuong binh bi nhiém khuén rat nang dang & trong tinh
trang khong con co may song sot, lan dau tién ké tir khi phat hién, penicillin
da duoc chi dinh diéu tri cho ngudi va cling that bat ngd, két qua diéu tri nay
da thanh cong vuot khoi su trong doi: chi duy nhit mot thuong binh bi tr
vong do luong thudc tai ché khong con du licu yéu cau dé diéu tri cho thuong
binh do6 (1941).

Sir Howard

Sir Alexander Ernst Boris Chain : Bg\:al:egr;ﬂlos:
Fleming 1906 - 1879, Vuong quic Anh - g

1881 - 1955, Vuong quic Anh
Cdc tdc gia gidi thudng Nobel y hoc nam 1945 vé céng trinh penicillin

Nhém nghién ctru cua Chain da bdo cdo lén chinh phi Hoang gia Anh,
nhung do chinh phu dang tap trung moi né luc cho chién tranh nén da khong
tai trg cho du dn. Vi vay, dé xuat trén duoc chuyén sang trién khai tiép &
Peoria (Illinois, My). Nhén thitc dugc y nghia to 16n cua nghién ctru nay,
chinh quyén bang Illinois va ca chinh quyén lién bang da xép chuong trinh
penicillin vao loai dac biét uu tién va chinh phu truc ti€p dimg ra to chic
trién khai: Nha nudc da kéu goi nd luc clia moi co quan va truc tiép cung cap
cho cdc co so nghién ctu, cac cong ty cong nghiép tir chung giong vi sinh vat
dén ca trg gitp tai chinh va hé tro ky thuat can thiét. Nho vay, chi sau mot
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thoi gian ngan ngudi ta di trién khai thanh cong cong nghé 1én men chim san
xuat penicillin (1942); da tuyén chou duge chiung cong nghiép Penicillium
chrysogennum NRRL 1951 (1943) va sau dd dié tac duge bién chung P.
chrvsogenum Wis -176 (chung niy duge xem la chung goc cia hau hét cac
ching cong nghiép dang sir dung hién nay trén toan the gidi); da thanh cong
trong viéc diéu chinh duong hudng quéd trinh 1én men dé¢ 1én men san xuat
penicillin G (bang sit dung tién chat phenylacetic, 1944)...

P¢ ddp dng nhu cau diéu tri. ngay wong thai gian chién tranh, rdt nhicu
hing cong nghiép da tricn khai san xudt penicillin, thi du nhu Pfizer, Merck,
Squihb, Eli Lillv, Abban, Upjohn, Lederle, Hoffran-La-Roche (My), Glaxo,
International Chemicals [ndustries (Anh)... Hdang Gist-Brocades (Ha Lan)
trude chién tranh the gidi the 11 chl yéu san xudt cic loai rugu. Ngay trong
thain gian chién tranh, khi duge 1in & Anh da san xuat duge penicillin, cong ty
nay di nd luc suu tim cic ching nam maéc: khi chién tranh két thdc ho trién
khai ngay chuong trinh nghién ctiu khdng sinh va dén nam 1948 da san xuat
duge penicillin, r6i ddn vuon 1én trd thanh hang san xuat penicillin 16n nhat
thé gidi vao nhiing thap ky cudi the ky XX.

Véi cac géc R tuong Ung 1a: O‘CHQ— Benzvipenicillin (peniciflin G}
O‘O_CH2— Plenoorymethyipeniciitin (peniciflin V)
HaC-CHy-CH=CH-CH,—

S CH
3 2-pentenvipeniciltin (penicillin F)
R—-CO-NH- pemenyipenteii
CH;

A N HaC={CHply— s-umvipenicillin fdifvdropenicitlin £)
—

COCH
ch_(CHz}a_CO— n-heprvipeniciliin (peniciliin K)

HO-O_CH2_ p-vdroxvhensvipenicillin (penicillin X)
Hinh 2.1. San phan penicillin 1én men tu nhién nho P. chrysogenum

Penicillin dugc xem la loai khdng sinh pho rong, dugc ing dung rong rii
trong dicu tri va duge san xudl ra vai lugng 16n nhit trong so cdc chat khang
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sinh da bi¢t hién nay. Ching tdc dung lén hdu heét cdc vi khudn Gram dwong
va thudmg duge chi dinh diéu tri trong cdc trudng hop viem nhiém do lién cau
khuén, ty cdu khudn, thi du nhy viem mang ndo. viém tai-mdi-hong, viém
ph¢ quan, viém phéi, lau cau. nhiém tring méu... Thoi gian dau penicillin
duge tng dung di¢u tri rat hiéu qua. Tuy nhién, chi vai nam sau di xuat hién
cac truong hop khang thuoc va hién tuong nay ngiy cang phé bién hon. Trén
con duong nham v6 hi¢u héa kha nang khing thudc cta vi khudn vii mo rong
thém tinh nang wng dung diéu tri cha penicillin, ndam 1959 Batcherlor vi
ddng nghi¢p da téch ra duge axit 6-aminopenicillanic. Vé sau. axit nay dugc
su dung lam nguyén li¢u d€ san xuat ra hang loat ché phim penicillin bdn
téng hop khdc nhau. Nguyeén 1y sdn xual ché pham bdn 16ng hop trén di ma
ra con dudng mdi rat hiéu qua va kinh t¢ dé dau tranh chéng lai su khang
thude. Ngay nay, trén the gidi di san xuat duoc trén 500 che pham penicillin
(trong dé6 chi lén men truc ti€p hai san pham i penicillin V va penicillin G)
va xu the nghién ctu san xuit cic ché phim penicillin ban téng hap mdi van
dugc trién khai tiep tuc.

2.2.CO SG CONG NGHE SINH TONG HOP PENICILLIN NHG NAM MGG

2.2.1. Lich sir tuyén chon chiing céng nghiép P. chrysogenum

Vao nhiing nam dau, viéc nghién ctiu san xuat penicillin thuong st dung
cédc chung ¢6 hoat lyc cao thudc 1odi P. noratum v P. bacilatum. Nhung ter
khi trudng dai hoc Wisconsin (My) phén lap duge ching P. chrysogenum cé
hoat tinh cao hon thi ching nay dan dan da thay the vi tir khoang sau nhiing
nam 50 cua the ky XX dén nay 1at ca céc cong ty san xudt penicillin trén the
gidi deu sir dung cdc bién chang P. chrysogennm cong nghiép. Viéc tuvén
chon va cai tao chiing ndy thdi ky dau duoc tién hanh & ba co s6 1 Carnegic
Institite in Washington, University of Minnesota vd University of Wisconsin.
Thoi gian ti€p theo, hdu het cdc co s cong nghiep san xudt chit khéng sinh
déu cling trién khai tuyén chon nhim phuc vy cho muc dich san xuat riéng va
tir khodng nhiing nam 70 dén nay cd sy tham gia déng thoi cha ci céce co so
chuyén nghién ctu tuyén chon giong khdc. Viéc tuyén chon chung cong
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nghiép d¢ lén men sdn xudt penicillin trén nguven tic cling trai qua sdu giai
doan cd ban da mo ta trong muc 1.3.1, trong d6 giai phdp k¥ thuat da duge ap
dung hiéu qua d¢ thu nhan bi¢n chung “si¢u tdng hop™ penicillin lai chinh 12
cdc ky thuat gay dot bi¢n thudng nhu: xir Iy tia Ron-ghen, xit 1¥ tia cuc tim
vi tao dot bién bang hda chat. thi du nhu Metylbis-amin (metyl-2-f3-clo-
etylamin), N-mustar (tris-B-clo-etylamin), Sarcrolyzin, HNO,, Dimetylsulfat,
1.2,3.4-diepoxybutan... Xuat xit cia mot s6 ching cong nghiép dé lén men
san xudt penicillin duogc chi ra trong s¢ d6 hinh 2.2.

P. chrysoganum NRRL1951———————

B i | USDA Labaratory, Peoria
@ Chqn IQC Ihucng @ NRRL 1951-925“ ............. S
@ KEHY ch_gnen ...... X'1612 Univ of Minesots
UV » ly tia tT ngeae W Wis. Q-176
[N =719 metylbie-i2-clomeyl-ami V.5 ;
Wis.47-638
BA i1y earalyzin o 4763
DEE) =471y 1,25 4diepoiybutan Wis_.47—1564 Univ 0 Wisconsin
Wis.48-701 B13-Di0
Wis.49-133
ILTé] i B
| i Wis 5120 >
51-20 Fontura-Wyeth £1
[Brd-z”:l 7% ————— _@]
M5 E.2 Eﬁ—-@]
| T B
30 T
|-t —
Lilly - Lilly Induslrigs
Wyeth Lab 3 EB L
M-58 West Chesler E7 N Company, Ud.
—y E-9
I
M-73 ' E-10
: ——1 i
|-oe8 mf-” E12
88 - T LN $ m——
15250 16534 T
E-{3 16339
i1
E-14 294163
E-16
E-15.1

Hinh 2.2. Xuét xu* cua mét s6 ching P. chrysogenum céng nghiép
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2.2.2, Cd ché sinh téng hdp penicillin & nAm méc P. chrysogenum

Theo quan diém phé bién hién nay, qud trinh sinh téng hop penicillin &
ndm méc P. chrysogenum ¢6 thé tdm tat nhit saw: (i ba tién chat ban diu 14 a-
aminoadipic, cystein va valin s€ ngung tu lai thanh tripeptit & o
aminoadipyl)-cysteinyl-valin; 11€p theo 1a qud trinh khép mach tao vong B-
lactam va vong thiazolidin d¢ tac thanh izopenicillin-N; 16i trao déi nhém o-
aminoadipyl v6i phenylacetic (hay phenocoxyacetic) tao thanh san pham
penicillin G (hay penicillinV, xem so dé tong hop penicillin G trong hinh 2.3).

N M. N
¥ NCH-(CH,),-COOH “SCH-CH,-5H HNG o
HQQC HOOC/ “CH
Ayt Lol-aminaadipie : L-cystain Levalin 3
S-iL-ct-aminoadipyl)-L-cystein
HN H
* SCH-(CH,)-CO-N SH
¢ [ r cH,
B-{L-ct-arninoadipyl)-L-cysters Devaln o N 0% CH,
l COOH
HN, - i
eHHeHco- NH‘E( 1< T SR
L:ape wiillin b COOH

. (raidng 1
At L-of,-ar‘mnnadlnl/ \A‘ herylagets
T

R-CO-NH. (U /5 CH3
v S eH

HN | ECH3 COOH
~—N :

COaH Berzylpemcillse

Axnt B-aminopenicillanic [periciin G

Hinh 2.3. So d6 co ché sinh téng hop penicillin
tir axit L-a-aminoadipic, L-cystein va L-valin

Tuy nhién, ¢6 mot s6 van dé lién quan dén co ché sinh tdng hop néu trén,
su tich tu penicillin trong t€ bao v qud trinh dao thai ching tlr trong ra ngoai
mot trudng cho dén nay van chua hoan toan dugc sdng to. Trong ba axit amin
tién chat trén thicystein ¢6 thé duoc téng hop bang moét trong ba con dudng
la: duge téng hop r xerin (hinh 2.6a). tir homoxerin véi viéc tudn hoan
chuyén héa ¢-cetobutyrat qua oxaloacetat (hinh 2.6b) hay tir homoxerin véi
su chuyén hda «-cctobutyral qua izoldcin (hinh 2.6¢). Déng thoi, o-
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aminoadipic duge giai phéng ra trong so d6 (hinh 2.4) ¢6 thé duge tuan hoan
dé tham gia vao qud trinh ngung tu ban dau, song ciing cé thé duge gidi
phong ra va tich tu lal trong méi trudng (bang chimg 1a khi 1én men san xuat
penicillin 'V bao gio cling phdt hién thay wong dich lén men luong 16n o-
aminoadipic dang vong). Nhu vay, qua trinh sinh 16ng hgp penicillin, phuy
thude vao diéu kién lén men cy thé nhat dinh, ¢6 thé xdy ra theo sdu dudng
hudng khac nhau. Do dé, hiéu sudt chuyén héa co chit-san pham ciing bién
d6i va phu thudce vao dudng hudng sinh téng hop tuong ving. Theo 1y thuyét
thi hiéu suét lén men s& trong khoang 683-1544 UI penicillin/g glucoza;
song, trong thue t€, véi nhitng ching cé hoat tinh sinh t6ng hop cao nhat
cling mdi chi dat khoang 200 Ul/g glucoza.

| GLUCOZA (3721}
NAD" (3x) ADP + Py (3]
NADH; (3%} - ATP {3x)
PYRUVAT (39 HS.CoA (2x)
ATP e co; e MADY (2w
ADP + P o NADH3 (%)
OXALOACETAT c ~—— COp (2}
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+ MACPH 2
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X -CETOGLUTARAT
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Hinh 2.4, S0 d6 co ché sinh téng hop a-aminoadipic



GLUCOZA
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T
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Hinh 2.5. S0 dé co ché'sinh téng hop valin

NAD* + Pyz(12x)
NADH; (1/2x)
GLUCOZA PHOSPHAT (12}
FRUCTOZA- 6 PHOSPHAT {¥/2x}
ATP2x)
| S——ATE
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GLUTAMAT NADR NADH,
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XERIN bio chit
tACETYLS-CM AKP+2P,, . 12 ATP
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Hinh 2.6a. So dé co ché sinh téng hop cystein tr xerin
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wGLUCOZA |

MADH — NAD" - Py
+7 map' NADH;
3-PHOSPHOHYDROXYPY RUVAT w—=—— 3.PHOS PHOGLY CERAT
ATP
GLUTAMA‘rﬁ »MADP"—, — NADH:
X -CETOGLUTARAT £ NADPH +}+nAD" NADH, NAG*
3
PHOSPHOXERIN frong By ADP TPuc OXALOACETAT Z MALAT
ATP
NADH; % MADP" GLUTAMAT
wao'+i+ MAOPH: K o crToGLUTARAT FUMAEI:IDHQ
ADP+Pyc —e I ZADP+H2Pyc  ASPARTAT —FAD
SOE ingedi MT) mang i bdn chal R — “-I:DP SUCINAT
ATP 2 ATP —_— ADP + P
© GTP H5-CoA
Mg Eoiochdi o R-ASPARTYLPHOSPHAT ATP o GTPopuag=
) ug ADP +Puc
S0F (trong TBC) RADe-$—~RADFH; SUCINYL-S-CoA
ATP NADH:z ~1———RADP"
2Pyc ATF METYLMALONYL-S-Coh
APS  ate ASPARTIC-B-SEMIALDEHYT ADP <P,
I:ADP WADH: COz+f—ATP
PAPE 4ADP+ 4P NAD
WADPH NAD" HOMOXERIN PROPIONYL-S-CoA
PAF MADP"—{-NADH: ACETYL-5-CoA: MNP 2Py
503 ! - H$.CD A ATP
P, ksuanpu; +4aNAD" 0-ACETYL-HOMOXERIN NADH;
—~+ INADP'—}-NADH; NAD"
XE [ 2 ACETAT
fiN HpS 4ATP

HO MOli\"’ STEIN
OK-CETOBUTYRAT  WH3ibong TES)

C‘IST‘A‘TIONIN 2 - « CYSTEIN

Hinh 2.6b. So dd co ché sinh téng hop cistein tir homoxerin
vdi surbién doi a-cetobutyrat thanh oxaloacetat

2.2.3. Phuong phéap kiém tra va dinh lugng penicillin

be kiém tra va dinh luong penicillin ¢6 thé 4p dung nhiéu phuong phép
khdc nhau, trong dé6 mét s6 phuong phdp thuong duoc sir dung la:

a. Phuong phdp kiém dinh sinh hoc: day 1a phuong phdp duoc ap dung
som nhat dé dinh tinh va dinh lugng penicillin. Co & clia phuong phdp
nay la dua vao kha nang dc ché sy phét trién 1én cac ching vi sinh vit
nhay cam vdéi penicillin, thudng st dung la cdc ching vi khuan Gram
duong. De nhan biél dinh tinh penicillin ¢ thé sit dung mot trong cdc
phuong phép la: cdy vudong gée trén mat thach, phuong phdp dat cot thach
da cdy vi sinh vat kiém tra hay phwong phdp dat gidy loc da thim vi sinh
vat kiém tra 1én trén hop thach nuoi vi sinh vt chi thi.
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Hinh 2.6c. So dé co ché'sinh téng hop cistein tir homoxerin vdi su bién
d6i a-cetobutyrat thanh izolocin

bé dinh [ugng, ngudi 1a thudng dp dung phuong phdp duc 16 trén thach
hay phuong phdp khoanh gidy loc va xdc dinh két qua bang st dung thang so
sdnh dung dich penicillin chuan, theo vong kim hdm tuong duong. U diém
I6n cua phuong phdp nay Ja thao tic don gian va cho hiéu qua tic dung truc
ti€p (hoat tinh khdng khuin biéu hién ngay qua kich thudc vong khing
khuan). Tuy nhién, phuong phdp ndy ton thoi gian va stic lao dong thu cong.

b. Phuong phap do pho hdp phu: thuodng dp dung bon phuong phdp sau;

o Plurong phdp iot: hoat dong dua trén co s& axit penicillanic, tao thanh khi
thuy phan penicillin  bang dung dich kiém hay nho cnzym
penicillinhydrolaza, s¢ phan tng véi I'. Lugng iot du trong moi trudng
duge xdc dinh qua phé hap thu cuc dai cha phic iot-tinh bot, do & budc
song 620nm. Phuong phdp nay dé thuc hién, do nhu cdu vé hoa chat va
thi€t bi don gian, song thudng xudt hién sai $& vi nhiéu cau 1l khéc trong
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moi truong cting ¢6 kha nang phan ting véi I (hién phuong phap niy
thutng ducce dp dung dé hién mau ban sdc ky z1dy).

Phicomg phdp axit cloroplatinic (¢6 miwu ruou vang do): dua trén o so
axit penicillanic ¢6 kha nang phan tmg véi thuéc thi cloroplatinic tao ra
san pham khéng miu. Tuy nhién, thude thir cloroplatinic phan ing déng
thoi cd véi cdc axit amin chda luu huynh. Vi vay, phuong phip nay
thudong chi duoc st dung dé hién mau vong penicillin quanh khudn lac
khi phin 1ip va tuyén chon so bo.

Phitong phdap hydroxylamin: dya trén co s¢ hydroxylamin dé dang phéan
ing v6i penicillin dé tao thanh axit hydroxylamic: axit ndy s& tao phtic
bén véi jon sat va ¢6 thé trich ly duoc phiic nay bang butanol. Tuy ahién,
hydroxylamin ciing phan tmg ca vdi cac hop chat hitu co chiéa nhém chic
-COOH khac trong moi trudng.

Phirong phdp thiiy ngdn-imidazol: dua teén co s imidazol phdn tng véi
penicillin lam md& vong B-lactam v vong thiazolidin: sdn pham tao thanh
sau kKhi dd mo vong s€ phan tng v6i Hg" tao thanh phitc penicillianic-

mercaptit thuy ngan, ¢é phd hap phy cuc dai ¢ séng 233-245nn1.

Phutong phdp sdc ky long cao ap (HPLC): sit dung cot trao ddi ion dé
tich miu va do truc tiép phé hdp phu W ngoai cla penicillin. Pav fa
phuong phip ¢6 d9 chon loc cao, nhanh vi chinh xdc nhat so véi tat ca
cde phuong phdp néu trén. Bén canh dé. phuong phdp nay <dn cho phép
xdc dinh dong thoi nhiéu thanh phan khdce nhau ¢6 trong mau phan tich.
Chinh nho wu diem nay. phuong phdp HPLC dugc dp dung dé dinh luong
penicillin trong hdu hét cic co s& cong nghiep.

Phuong phap enzym: 1a phuong phdp md&i duge hoan thién trong thoi
gian gan day. Phuong phdp nay thuong su dung mang enzym penicillinaza
¢ dinh k€t hop véi thi€t bi do pH do nhay cao d€ do su bién déi pH trudgc.

va sau mang khi xu ly. qua dé xic dinh ham lugng penicillin trong mau.



2.2.4, Tac déng cla cac thong s céng nghé dé&n qua trinh sinh
téng hap penicillin

2.2.4.1. Su phat trién hé soi va dac di¢m hinh thai hé soi nam

Su phdt trién hé soi ndam trong qui trinh lén men bao gdm ci su ting
trudng vé kich thude hé soi (1ang do dai sot. su 1én 1én v&¢ kich thude, mide do
phan nhanh cua hé s¢i...) v su bién thicn ve s6 lugng khom so1 nam trong
moi truong. Thong thudng. su phit ticn nav duge danh gid qua hai chi tiéu
la: ham luong sinh khot va toc do bién thién ham lugng sinh khot trong mol
truong. Hai chi tiéu nay cé thé xdc dinh bing nhiée phuong phip khac nhau
nhu: ham lugng sinh khoi (sinh khéi troer hode sinh khéi kho), mar dé quang
dich lén men. tré lue loc cua dich 1én men, ham lugng nito. ham luong
hydratcacbon, ham luong axit nucleic... Trong cdc phuong phip trén. dugc dp
dung pho bién hon ca trong san xuat cong nghiép 1A phuong phitp xiic dinh
qua ham lrgng sinh khoi. Nguoi ta di xdc dinh duoc ring téc do phdt trién he
sg1 nam phu thudc vao hing loat yéu 16 khac nhau trong qua trinly Ién men va
sir tich tu penicillin thudng chi xdy ra manh mé khi hé soi phit trien dat trang
thdi can bang. Trang thai ndy ¢6 thé xdc lap dugc néu chi cung cap du v lien
tye cho ndm moc lugng thirc an t6i thicu (véi ¢co chat 14 glucoza mic tuong
tng 1a 0.1220.03mmol glucoza/g soi kho.pio. Néu thiéu thic an, heé soi nam
moc s& 1 phan; song néu cung cip qua nhu ciu trén, hé soi s¢ phit tricn,
nhung lai khong tich tu manh penicillin mi tich ty¢ nhicw axit gluconic va axi
malic).

BPdc diém hinh thdi va cdu trie hé soi nam: trong qud trinh 1én nen. do
nhiéu nguyén nhan khic nhau nhu: do tao bio tir, do ty phan xay ra trén he
sot, do sy phan huy thanh t€ bio, do su ditt gdy cd noc khi kich thude soi qui
dai.... 56 lugng khém soi ndm bao gio cOng ¢o xu hudng tang lén, naay ca
trong qui trinh Ién men tinh. Trong dicu kién 1&n men ¢d suc khi v kKhudy
tromn, do tidc dung va dap ¢o hoc véi cinh khudy vi cdc chuyén dong dong
xody trong moéi trudng, mot mat swe dat gdy he soi ndim xay ra nhicy hon va
h¢ sgi ndm bao gio ciing ¢6 xu hudng vén cuon lai thanh cdu trdc bii soi
cudn xoan, duge goi 1a cdc pellet. Trén phuong dién ciu tric pellet ngusi ta
thuong phan chita ching thanh ba dang la:
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o Pellet xop (fluffy lovse pellers) la dang pellet ¢6 phan bén trong hé soi
cuon thanh khéi chac va min, 1p sgi phia bén ngodi cudn kong 1o tao
thanh céu tnic xop hon. Véi cdu tric pellet nay, viéc van chuyén vat chat
gifta mo1 truong bén ngoai vao cho phdn hé soi bén trong ciing nhu su
dao thai céc san pham trao déi chat tix 1dp soi gifta pellet ra ngoai moi
trudng xay ra thuan loi hon.

o Pellet chdc va min (compact smooth pellets) cé dac diém 1a phan soi phia
bén trong pellet cudn tuong doi chat ché ra dén gan sit 1Sp soi phia ngodi,
16p soi phia ngodi cung ciing cuén du chac thanh 16p soi min. Cau tric
nay cudn di chac va min nhung van khong qua chat ché dé dam bao sao
cho qud trinh van chuyén vat chat tir ngoai méi trudng dén tat ca cic phin
hé soi ctia pellet va su van chuyén san pham trao déi chat tir trong hé sgi
ra ngoai van xay ra thuan lgi.

o Pellet rong (hollow pellets) 1a dang pellet ma phan soi bén trong bi tu
phén tao thanh khoang réng, hé soi phia bén ngodi cuén ratl chat thanh
16p soi min va chdc chin. Npuyén nhan ciia hién tuong nay la do hé soi
pellet cudén qud chat dén mitc 1am can 16 ca qud trinh van chuyén vt
chét tlr bén ngoai vao cung cdp cho phin h¢ soi bén trong. Dan din. do
thiu thitc an kéo dai nén phéan soi bén trong s& bi chét va bi tu phan tao
thanh khoang rong giita pellet.

Sut hinh thanh, s6 lugng, kich thuse va dic diém cau tric cta pellet 13 két
qua téc dong qua lai cia hang loat y&u 18 nhu: su dit gdy do va dap véi canh
Khuay khi khudy tron, su hdp phy cdc bdo w0 va cdc tiéu thé nho trong moi
trudng lén hé soi, sy twong tac qua lai gitta cdc pellet vdi nhau, su va dap gita
pellet vdi thanh thi€t bi, véi hé 6ng xoan trao doi nhiét hay véi hé thong 6ng
cap khi, luong gidng cung cdp, thanh phan moi trudng, pH dich 1én men hay
do cdc tdc dong khdc... Trong cdc y€u t6 néu trén, thong 56 ¢ anh hudng 16n
nhat va thudng dugc lua chon dé diéu chinh Ia kiéu khudy va cudng do khudy
tron. Nguoe lai, s6 lugng, kich thude va cdu tric cla pellet lai ¢é tic dong
phan héi tr6 lai dén cdc chi tiéu cong nghé nhu: do nhdt dich 1én men, kha
nang van chuyén van chat giita 1€ bdo ndm véi méi trudng ngodi, hiéu sudt
chuyén héa tao san phdm, phd sin phim phu ctia qud trinh... Khi khuay tron
dudi nhu cau s€ tao ra pellet I6n va x0p, titu t6n it nang lugng cho khudy
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tron. gud trinh chuyén khéi thuan lgi hon.... nhung lai khong dam bdo cung
cip du oxy. Nguoe lai, khi khudy tron qud ngudng s€ tiéu t6n nhiéu ning
luong khudy tron hon, ting néng do oxy hoa tan trong dich 1én men. nhung
qud trinh chuyén khai xdy ra khé khan hon. xu huéng tao pellet réng ting
len... dan 16 lam giam hiéu suat chuyén hda chung toan qud trinh, trong khi
lai lam tang chi phi tinh ché& sdn pham (de xudt hién luong ddng ké cic san
pham tu phan phén h¢ s¢i ndm trong rudt cdc pellet rdng).

Nhwu vay, hiéu qua chung cia qua trinh 1¢n men c6é quan hé hitu ¢o véi s6
luogng, kich thudc va cau wic pellet nam. Trong thyc tién sin xuat céng
nghiép, nguoi ta thuong dieu chinh cédc thong s6 cong nghé theo hudng uu
tien tao ra dang pellet di nhé v min. han ché tao pellet x6p v ngan ngira
hinh thanh cdc pellet rong. Dicu kién cong nghe wsong ting véi muc tiéu trén
thutng 4p dung la: o l¢ cay giong 10%. v6i mat do dich giéng (2-
10).10"" bao u/m™; phoi hop dice chinh gita suc khi v khuay 1ron dé dam
bio cung cap oxy hoa tan du so véi nhu cau tuong tng v6i thei diém lén
men, va dé tao ra pellet min va nho (kich thude pellet thich hop nhat khoang
0.2-0.5mm), trong diéu kién di cin déi v6i nhu ciu tiét kiém mic tiéu ton
nang lugng do khuay tron.

2.2.4.2. Dac tinh nhiét dong cua dich lén men

Trong cdc thiét bi lén men dung tich 16n ¢6 suc khi v khudy (ron, thuc &
khong the xdc 1ap duoe sy dong déu tyi @t ca moi ving thé tich lam viéc cfia
thiet bi. Tai cdc viing chdy ro1 (ving gan canh khuay) toc dé trao déi nhict,
16¢ do chuyén khoi xdy ra manh mé hon nén s& tao didu kién thuan lgi hon
cho su phdt trién clla ndm; nhung trong vling nd, xu hudng cic pellet bi dut
gdly va von cudn chat cling xay ra manh m& hon. Trong khi d6, tai cic vimg
chay mang (ving sdt thanh thiét bi, viing gin cdc éng xodn trao déi nhiét,
vung kém hiéu qua hay ving chét cta thict bi...) t6c do chuyén khoi va téc
do truyén nhiét cling gidm di. Ngoai ra, trong qua trinh Ién men tai nhiing
khu vie nhat dinh trong thi€t bi ¢ the xuat hién cde ving xody cuc bd hay
cdc dong chay thit cap (su xudt hién va dich chuyén cia cdc ving chay thi
cap ndy mang tinh chu k¥ va bien ddi phu thude vido ché do 1am viéc cua
thict bi)... Ving chay thd ¢dp nay thuong gin lién véi viée thidu hut vé him
lugng oxy hoa tan. Cic yeu t6 néu trén sé tic dong truc tiép hay gidn tiép dén
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nang luc sinh tong hop cla chiing, hiéu qua chuyén hda tao san pham va hiéu
qua kinh t€ chung cua toan qud trinh 1én men. Trong thyc tién, nham giam
bét anh hudng cua hién tugng néu trén. ngudi ta thudng chon ché do khuay
tron hoi du trén midc véu cau.

2.2.4.3. Thanh phan moi treong lén men

Trong san xudt penicillin V va penicillin G néi riéng, hay trong cong
nghé 1én men san xuat cdc san pham cé hoat tinh sinh hoc gia tri kinh t&€ cao
n6it chung, dé duy tri uu thé€ canh tranh, cdc hdng san xudt thudng bio mat
chit ch& thanh phan méi truong va dieu kién cong nghé 1én men cta minh.
Chinh diéu nay di gidn ti€p khang dinh vai tro rit quan trong ciia thanh phéan
moi trudng va dnh hudng to 16n cia moi truong 1én men dén nang luc sinh
tong hop khang sinh cGa ching va hiéu qua kinh t&€ cia toan qud trinh san
xudt. Moi truong co sd dé 1én men penicilling vao thai kv dau trong nhiing
nam 40-50. 14 moi trudng lactoza-nudc chiét ngd, véi thanh phan chinh néu
trong hang 2.1.

Ngudn co chét chinh lactoza cé thé dugc thay thé timg phan hoac toan bo
biang cic co chat khdc nhu: cdce loai dudng hexoza, dudng pentoza, disaccarit,
dextrin hay thay thé bang dau thyc vat. Trong cdc co chdt néu trén, hiéu qua
cao hon ca van 1a glucoza (vai chuc nam gan day. trong hau hét cdc co 59,
ngudi ta di hoadn thién cong nghé 1én men theo hudng st dung hoan toan
dudng giucoza, trong diéu Kién gidm sét chit ché nong d6 co chat nay). Ciing
cin chil ¥ rang, khi sir dung céc co chat ¢é the oxy hod-khi cao hon glucoza
s€ kéo theo nhu cdu phy thém vé O, v cdn phai gidi toa nhiét thai nhiéu hon.
Ngoai ra, khi stt dung ddu thuc vat 1am chat phd bot phai xét dén hiéu tng
nam moc sit dung mot phan ddu nay 1am ngudn cung cép thic an cacbon, dé
tinh to4n didu chinh néng do glucoza trong moi trudng lén men (va ca su can
1rd qud trinh chuyén khéi do anh hudng cia ddu phd bot). Ham luong céc
chat khodng bd sung duge tinh todn, phu thude vio lugng dich chiét ngo sur
dung: pH moi truong duge diéu chinh trude khi thanh trung, sau 46 trong
sudt gud trinh 1én men duge gidm sdt chiat ch va diéu chinh theo yéu cau
cong nghe.
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Bdng 2.1. Thanh phan méi truong lén men co ban dé ién men san xust
penicillin

e Lactoza 20-50kg/m’

» Glucoza 0-10kg/ m®, bé sung gian doan hoic lién tuc trong qud
trinh 1én men

* Dich chiét ngo o dic 15-50kg/ m’

e Cac khodng chat
NaNQ; 0-5kg/ m’ Na,SO, 0-1kg/ m®
CaCO; 0-10kg/ m’ KH,PO, 0-4kg/ m’
MgS0,.7H,0 0-0,25kg/ m’ MgSO, 0-0,02kg/ m®
ZnS0, 0-0,04kg/ m*

e Tién chit tao nhdnh (phenylacetic hodic dan xuat) bd sung lién
tuc theo nhu cau

¢ Chit chéng tao bot bé sung lién tuc theo nhu cau

Nguén cung cdp thde an nito ¢é thé s dung 13 bot dau turong, bot hat
bong, cdc loai diu cdm. Nhu cdu vé thifc dn nito ciing c6 thé duoc ddp tng
bing cdch cung c4p lién tuc (NH,),80,, nhumg duy tri & nong do thap,
khoang 250-340g/t (néu du thira hiéu qud sinh tdng hop penicillin s& giam,
néu thi¢u s&¢ xay ra hién twong tr phan heé soi).

Trong qua trinh sinh tong hop penicillin, viéc két gdn mach nhanh cla
phan tir penicillin khéng mang tinh dac hiéu chat ché. Nh& vay, néu duy tri
nong do¢ tién chat tao nhdnh cdn thiét phenylacetat (hoiac phenooxyacetat) sé
cho phép thu nhin chi y€u mét loai penicillin G trong dich lén men (hoic
penicilin V). Theo 1¥ thuyét, nhu cdu vé phenylacetat 1a 0,47g/gam penicillin
G (hoéc phenooxyacetat 1a 0,50g/gam penicillin V). Can chii y c& hai cau tir
trén thye chat déu gay doc cho nam nén ngudi ta thudng lua chon giai phdp
bo sung lién tuc cdu tr ndy va khéng ché chat ché néng do theo yeu cdu, dé
khong lam suy gidm nang lyc 1én men cla ching san xuat.
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2.2.4.4. Piéu kién tién hanh 1én men

Nhiét dé 1a thong s6 6 anh huong 16n dén su phdt trién cua ndm moéc,
kha ning sinh tong hgp va nang luc tich tu penicillin ctia chiing. Nhin chung
ndm moc phat trién thudn loi hon & dai nhi¢t d6 khoang 30°C. Tuy nhién, &
dai nhiét do nay 16¢ d6 phan hly penicillin cing xay ra manh mé. Trong thuc
t¢, & giai doan nhan giong san xudt nguoi (a thusng nhan & dai nhiét d6é 30°C;
sang giai doan lén men thuong dp dung mot trong hai ch& dé nhiét la:

¢ Lén men & mot dai nhiét do: thudng duy tri nhiét do trong sudt qua trinh
lén men ¢ dai nhiét d6 25-27'C.

o Lén men & hai ché do nhiét do: gial doan lén men ban dau tién hanh ¢
30"C cho dén khi he soi phat trién dal véu cdu vé ham luong sinh khéi thi
diéu chinh nhtét do sang ch¢ do 1én men penicillin ¢ ddi nhiét do 22-25"C
(¢6 cong nghé dicu chinh xuong 22-23 "C, gitt & nhiét do nay tiép hai
ngay 1é6i chuyén sang lén men ti€p ¢ 25°C cho dén khi két thiic qua trinh
lén men).

pH moi truong thuan loi cho su phat trién hé sgi vd cho qud trinh sinh
tong hop penicillin thudng dao déng trong khoang pH=6,8-7,4. Tuy nhién &
diéu kién pH cao xu hudng phan huy peniciltin ciing tang 1én. Vi vay, trong
san xudt pH moéi trudng thudng duoe Khong ché chat ché & gid trn fua chon
trong khoang pH=6,2-6.8.

Nong do oxy hoa tan va cuong do khudy tron dich lén men: v6i nhicu
chiing ndm mdc, néng dd oxy hoa tan thudn 1¢i cho qud trinh sinh tdng hop
penicillin dao dong quanh mic 30% noéng dé oxy bao hoa. Néu nong do oxy
hda tan duéi dii néng do trén sé lam cho nang luc sinh tdng hop penicillin
cha ching giam, dac bi¢t néu dé thi€u oxy xudng dudi mitc 10% thi hoat tinh
sinh t6ng hop penicillin & suy giam manh va hau nhu chiing mat kha nang
phuc héi sém, ngay ca khi tang ndng dé oxy hoa tan ngay lén mic 30%. Téc
do tich tu penicillin citng chiu su tdc dong dang ké cla kiéu khudy tron va
cudong dé khuay tron dich 1én men. Khuay tron qua ménh liét dich 1én men
thuding kéo theo hiéu iing ting ham luong sinh khéi, nhung lai nit ngan thoi
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gian pha tich tu penicillin vi ¢6 xu hudng tich ty thém nhiéu san pham khéng
mong mudn, gay khé khan thém cho cong doan tinh ché thu san pham sau
nay. Trong thuc t€, dé dam bao lugng oxy hoa tan nguoi ta thudng phoi hop
diéu chinh ¢4 hai thong s6 cudng do suc khi va khudy tron, theo hudng dil tao
ra pellet nho va min trong diéu kién khay tron hoi du ¢ mdc can doi véi yéu
chu tiét kiém néng luong tiéu 16n.

‘6ng do¢ CO, trong dich Ién men & muc nhdt dinh ciing cdn thiét cho qua
trinh nay mam cua bao td ndm mdce; tuy nhién, néu néng dd CO, qud cao s&
lam cén (ro qud trinh hdp thu va chuyén hda co chat cha ching, nghia ta lam
can trd qua trinh sinh 16ng hop penicillin. Trong thuc tién san xual 1én khi dp
dung phuong phdp 1én men chim, do suc khi v kbudy tron lién tuc da giai
thodt phan 16n CO, du khong dé xay ra su tic ché néu trén.

2.2.4.5. Su tich tu va phan huy penicillin

Trong qud trinh 1én men, do nhiéu nguyén nhan khidc nhau, trong dé cé
anh huong cua néng do penicillin tich w trong moi rudng ngay cang ting.
lam cho nang tuc sinh tong hop penicillin cla chung ¢ xu huéng giam dén
theo thot gian lén men. Péng thai, phu thuoe vao nhiét d6 va pH mai truong,
mot phan luong penicillin dd duoc tich tu cling bi phan huy theo thoi gian.
Tuy theo timg trudng hop cu thé, trong san xudt ngudi ta bao giv cling phai
phai ¢hdp nhan ti 1é t6n hao san pham penicillin do phan hity trong khoang
10-20%. Nham giam t6n that trén, ngay sau khi két thuc qud trinh lén men.
can xir 1Y thu san pham sém hodc ¢6 giai phap ha thip nhanh nhiét d6 dich
lén men.

2.3. QUY TRINH LEN MEN SAN XUAT PENICILLIN TRONG CONG NGHIEP

2.3.1. Piac diém chung

Cong nghé lén men san xuat penicitlin mang nét dac tha riéng cua timg co
0 san xudt va cac thong tin nay rat han ché cung cip cong khai, ngay mdi bing
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sang ché& thuong ciling chi gi6i han & nhiing cong doan nhat dinh; vi vay rat khé
dua ra dugc cong nghé tong quét chung. Theo cong nghé 1én men ctia hang Gist-
Brocades (Ha Lan), toan bo day chuyén san xuat thude khang sinh penicillin c6
thé phén chia lam bén cong doan chinh nhu sau (xem so dé hinh 2.7):

e Lén men san xudt penicillin tu nhién (thudong thu penicillin V hoac
penicillin G).

e Xu ly dich 1én men tinh ché thu ban thanh pham penicillin tu nhién.
e San xudt cdc penicillin ban tong hop (tir nguyén liéu penicillin tu nhién).
e Pha ché cdc loai thuoe khdng sinh penicillin thuong mai.

Mot vai thong s6 cong nghé cua cta qua trinh chuan bi Ién men va lén
men san xudt cua hang nhu sau:

1

p o f-0olosc,
b |

h:;iﬁnr; !:12?1; Lén men L oc ‘Tnch Iy MEpphu  Nhdwa K& Loctach Ris Saykhs

Ahd o3 st sdn xudt h bdng béng than  loc loai b wnh tinhy

sinh kl"d' dungmdi  hoattinh  than pericilin e e
CONG BOAN TINH CHE THU PENICILLIN TY NHIEN

CONG BOAN LEN MEN

i PR .o S .

| X7 i
e geB (G50

ra fi frudng . . - -
CONG DOAN PHA CHE THUBC CONG DOAN SAN XUAT
KHANG SINH PENICILLIN THUGNG MAI PENICILLIN BAN TONG HOP

Hinh 2.7. So d6 ddy chuyén san xuét penicillin (theo Gist-Brocades Copr.)
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2.3.2. Chuan bj 1én men

Giong, bdo qudn va nhdn giong cho sdn xudt. giong cong nghiép P.
chrysogenum duoc bao quan lau dai & dang dong kho. bao quan si¢éu lanh ¢ -
70°C hodc bao quén trong nitg long. Gidng tr méi trudng bao quan dugce ciy
chuyén ra trén mai trudng thach hop dé hoat héa va nuéi thu bao tir. Dich
huyén phl bao tlr thu 1ir hop petri duge cay chuyén tiép sang moi truong binh
tam giac, 161 sang thiét bi nhan gidng nho. qua thiét bi nhan giéng trung
gian... va cudi cling 13 trén thiét bi nhan giong sdn xuat. Yéu ciu quan trong
nhit ctia cong doan nhan giéng 1a phai dam bdo cung cdp du lugng gidng cin
thiét, véi hoat luc cao, chat lugng dam bao  ding thai diém cho cdc cong
doan nhan giong k¢ tiép va cudi clng 1a cung ¢dp di lugng giong dat cdc yéu
cau k¥ thuat cho 1én men san xuat. Trong thuc tién, dé dam bao cho qui trinh
1én men thuan 1gi ngudi ta thudng tinh todn lugng gidng cap sao cho mat do
gidng trong dich 1én men ban diu kKhoang 1-5.10” bao wym’. Vi i 1€ cady
chuyén khi cip gieng thudng dp dung [a 10% thi chat lugng giong san xuat
twong dng la: ham luong sinh khéi cha gidng can dat muc 20ke soi kho/m’
dich giong. mat do bao ty thich hgp khoang 10" bao t/m’ va chiém vu (hé 1A
pellet min v&i kich thudce (0,2-0.5)mm.

Thanh phan méi trudng nhan giéng can dudc tinh todn dé dam bio cung
ciip di nguédn thire dn C. N, cdc chat khodng vi cde thanh phan khdc. dam
bao cho suw hinh thinh va phét trién thuan lgi cia petlet. Trong 1at ca cdc cong
doan nhan giéng phai dim bdo kiém tra thudng xuyén v¢ toc do phét tién
gidng, dic diém hinh thdi va cau tric pellet, néng do cdc ciu tu trong moi
trudng nhan gidng. gidm sat chat ché tinh trang nhiém tap... d¢ dua ra duge
quyét dinh kip thoi vi ddng din dé tiép tuc ¢dy chuyén hay cdn thiét phai bo
sung cdc giai phap xir 1y thich tng.

Chudn bi méi truong lén men va thiét bi: cic thanh phian moi truong 1¢n
men san xudt thuong duge can dong 161 ducce pha che riéng (€ trong cac
thung chra phit hop, sau dé duoc thanh trung gidn doan ¢ 121°C (hay thanh
tring lién tuc & khodng 140-146"C) hoac loc qua cdce vat liéu sicu loc rél méi
bom vao trong thung 1&én men. Néu dac tinh cong nghé cta thiét bi 1én men
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cho phép, c6 the pha ché réi thanh tring déng thoi dich len men ngay trong
thi€t bi. Tat cd cde cdu twr bo sung vio moi trudmg 1én men déu phai dugc x(
Iy khir khudn trude va sau d6 phai duoc b sung vao theo ché d6 van hanh vo
khuan {(monoseptic operation). Thiét bi léen men trudc khi dua vao sir dung
phai duge vo khuan trude, thuong duge thanh triing bang hoi qua nhiét 2.5-
3.0 at trong thoi gian 1-3 gid. Déng thoi v6i viée khir khuan thiel bi 1én men,
phai dam bao khit khuan nghiém ngat tuong ting véi tat ci cic hé théng ong
dan, khdp néi. van, phin loc vi tat ca cic thist bt phu tro khéc... Sau khi khi
khuan xong, thiét bi thidng dugc dua vao sit dung ngay va ké tir sau thoi
diém khur khudn cho dén khi két thic mé len men ngudi ta thudng co ging
duy trt dp suat du trong thiét bi nham hian ¢hé riii ro do nhiém tap. Khong khi
thudng dugc khir khudn so bo bang nén doan nhiét, sau dé ducc loc khir
khuan bang cach loc lai qua mang loc vo khudn hay mang siéu loc (cdc hé
thong loc nay phai dugc xir 1y khir khuan tr trude va trong qud trinh van hanh
phai dinh k¥ vé sinh va khir khuan lai).

2.3.3. Ky thuat tién hanh 1&én men

Ky thugt lén men bé mdt ducc dp dung nhiéu trong th ky nhiing nam
40-6( cita the ky XX. hi¢n nay hau nhw khong con dugc trién khai trong san
xudt 16n nita. Phuong phdp [én men bé mat gém hai k§ thuat I3 lén men trén
nguyén liéu rin (cdm my, cdm ngo bo sung duong lactoza) va lén men trén
be mat moi trudng long tinh (phé bién sir dung moi trudng o ban lactoza-
nudc chiet ngo). Trong diéu kién ndy, do dudng lactoza duoc ndim méc dong
héa cham nén khong xay ra hién tuong du thira duong trong t€ bao; dich
chiét ngé cung cdp cho ndm mée ngudn thic an nito, cdc chat khodng va chat
sinh truong, trong d6 phenylalanin khi bj thuy phan sé tao thanh phenylacetic
va s& dam nhiém vai trd cung cap tién chat tao mach nhdnh cho phan tur
penicillin. Khi lén men trong moi truding long ngui ta dp dung céng nghé bo
sung lién tuc phenylacetic vao moi trudng 1én men, ham luong bé sung phu
thugc nhiéu vao pH méi trudng vi téng luong bé sung thuong dao dong (rong
khoang (0,2-0,8)kg phenylacetic/m” dich [én men (trong di¢u kién dé lugng
penicillin G dugc téng hop ra tang 16 rét vi ham lugng cdc penicillin khéc
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cing giam di). B¢ han ché qud trinh oxy héa tién chat ngudi ta thutmg hd
sung vao mo1 trudng mot luong nho axit axetic (hay cdc hop chat hitu co
khong no c6 néi doi ¢ vi tri B—7y). Trong k¥ thuat 1én men long gidn doan
khong diéu chinh pH. thoi ky ddu qua trinh lén men pH méi trudng thudng
tang nhe. sau dé tuong d6i 6n dinh va vio cuéh qud trinh lén men thudng
trong khoang pH=6.8-7.4. Khi su dung co chat chinh la lactoza, ngudi ta da
xdc dinh duge penicillin chi duge téng hop v tich tu manh mé trong moi
trudong khi ndim mdc da chuyén sang st dung dudng nay va khi lactoza ¢6
dau hiéu can kiét thi soi ndm cing bat dau bi ty phan. Vi vay. ngusi ta
thudng két thiic qua trinh 1én men vao thoi diém sap hét dudng lactoza.

Ky thudt lén men chim 1a ky thuit duge dp dung trong hdu hét cdc co so
san xuat penicillin cong nghiép hién nay va thudng duoc van hanh theo
phuong phédp 1én men bdn lién tuc, gom phuong dn Ién men gidn doan theo
me ¢ bo sung lién tuc (hay ban lién tuc) mot hay mot vai cdu nt két hop véi
phuong dn tuan hoan lai mét phan hé soi cia mé 1én men trude (hodc khong).
Quad trinh 1én men dugc van hanh theo phuong phap 1én men hai pha, véi pha
dau nudi thu sinh khéi trong khang 2-3 ngay, sau dé chuyén sang pha lén
men thu san pham. Trong hiu hét cdc truong hop ngudi ta thay thé phan [6n
(hodc hoan toan) dudng lactoza bang dudng glucoza. Lugng glucoza ndy cé
thé duge bo sung lién tuc hay ban lién tuc nhung phai gidm sat chit ché nong
do glucoza trong sudt qud trinh van hanh pha sau dé duy tri néng do glucoza
luén ¢ mic thich hop nham vira gir khéi lugng hé soi 6n dinh, vira ddm bao
sinh 16ng hop nhidu penicillin. Trong thuc tién, dé trdnh xdy ra thi€u hyt nhat
thoi glucoza ngudi ta ¢6 thé két hop bé sung lugng nhd dutmg lactoza (khi
d6, néu chua bé sung kip glucoza thi ndm moc s& tr diéu chinh dé sir dung
duong lactoza nén khong xay ra hién tuong tw phan hé sai). Ngoai nguén nito
rong nuéce chiét ngd, ngudi ta thudng su dung phéi hop (NH,),SO, dé vira
cung cap thitc an N va S, vira st dung dé diéu chinh pH trong qua trinh 1én
men (pH dich 1én men ban dau thudng duge diéu chinh vé khoang pH=6,5-
6.8 bang dung dich NaOH hoac H,PO,); néng d6 NH," thudng khong ché
trong khoang 0,3-0.4kg/m" dich Ién men. Chat phd bot thudng sir dung I3 cdc
loai dau béo nhu: m& [on, dau dau tuong. diu vimg, ddu cdm... Tién chit tao
nhanh phenylacetic trong 1lén men san xuat penicillin G (hoac
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phenooxyacetic trong lén men san xuat penicillin V) duge bo sung lién tuc
(hoic b8 sung gian doan {am nhiéu lan) trong sudt thoi gian pha lén men
penicillin, dé duy tri néng do trong khoang 0,1-1.0kg/m’ dich (néu it qué
nam mac s& tong hop déng thdi nhiéu penicillin khdc, néu nhidu qud s&é gay
doc cho ndm va tang cudng thic day qua trinh hydroxyl héa san pham
penicillin). Nhiét d¢ lén men pha dau khong ché & 30°C, sau d6 sang pha sau
gilt & 22-25"C. T6c d6 suc khi va khudy tron duge diéu chinh dé duy tri nong
d¢ oxy hoa tan trong dich trong khoang 30%. Trong diéu Kign trén thoi gian
Ién men moi me thudng kéo dai khoang 144-180 gid. Két thiic qud trinh lén
men ngudi ta ¢6 gang loc sém dich lén men. lam lanh réi chuyén sang cong
doan trich ly va tinh ché thu penicillin.

Bdc diém vé thiét bi lén men: qui trinh 1én men san xuat penicillin ngay
nay chu yéu duge tién hanh trong thiét bi lén men chim ché tao bang nhém
thép chiu an mon CT2 véi khudy tron kiéu tudbebin' (gém nhiéu tang cdnh
khudy, két hop bo i hé vich din dong wrong thung). Cong sual khudy tron
tiéu hao duge thiét ke khoang 3kW/m'/gier. Khong khi nén di vo khudn duoc
cdp vao qua hé¢ ong phan phéi kicu vong xody hay kiéu ré quat duc 16 lap dar
sdt dudn ddy (hay phia dudi canh tuce-bin). Bén trong thiét bi dugc lip dat
nhi¢u tang ong trao doi nhiét kiéu vong xoan két hop dong thdi véi trao doi
nhi€t qua thanh thiét bi hai 16p vo, dam bao diéu nhiét hiéu qua trong sudt
qua trinh 1én men. Dung tich thi¢t bi pho bién trong khoang 150-300m"*, he
s6 do day thudng chon khodng 80%V (phu thuéc vio k¥ thuat va thiét bi phi
bot). Thi€t bj nhan giong san xuat ¢é dung tich khoang 10%V (hiét bj tén
men. dugc thiét ké tuong tu v thudong duge ghép cing v6i thiél bi [én men.
Toan bo thiét bi [én men san xudt, thiét bi nhan gidng 16n va hé théng cic
trang thi¢t bi phu trg dugc thiét k& va lap dat dam bio cé thé vé sinh va thao
tac van hanh theo ché do vo khuan cao (16t nhét nén bé tri sao cho cé thé dp
dung ché do thanh triing déng thai cho toan bé hé thict by niy). Cic thong s6
‘kiém tra qud trinh len men bao gém: pH moi truding. néng do oxy héa tan,
nhi¢t do, ham lugng sinh khéi va tc do bicn thién lugng sinh khoi, s6 lugng,
kich thude va cau tride pellet. nong do cdc cdu tr co chit, néng do penicillin,
thanh phan khi thai va cic chi tiéu kiém tra vé vi sinh vat. Viéc gidm sdt va
diéu chinh qud trinh 1én men dugc xay dung trén co s& khai thac ¢4 hai kiéu
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tuong tac tryc tuyén (online control) va tuong tic khong phén hoi theo quy
luat (offline control), phu thude vao kha nang ddp dng cta hé thiét bi hi¢n ¢d.
Pong thoi xu hudng may tinh héa trong Kiém tra va giam sat qud trinh Ién
men dang dan chi€m wu the trong san xudt cong nghidp. |

2.3.4. Hiéu qua kinh t& chung cua qua trinh Ién men

Ning luc sinh téng hop va tich tu penicillin trong dich lén men la két qua
clla moi twong tdc dong thoi cia hang loat yéu t8 cong nghé nhu: hoat tinh
sinh t6ng hgp cuia ching, cong nghé lén men dp dung, chat lugng nguyén
licu, dac tinh thiét bi va nang luc ddp ting cdc yéu ciu cong nghé clia thiét bi,
ché& d6 gidm sat va diu chinh cdc thong 50 cong nghé, nang luc va kv nang
van hanh cua ¢ong nhéan... V&i nguon co chat chinh la glucoza va lén men
theo phuong phdp chim, hé s& phan bé nguyén liéu du tinh khodang 25%
glucoza dugc ndm mdéc sir dung dé tong hop hé soi, 65% dudmg dugc st dung
dé duy tri su song st cha hé soi. con lai chi khoang 10% duoc ndm méc sir
dung dé t6ng hop penicillin. Hé 6 sir dung thitc an nitg va lua huynh dé téng
hop penicillin trong tng 1a 20% va 80%. Nong do penicillin G trong dich lén
men nhimg nam 80-90 cia the ky XX dat khoang 80.000 Ul/ml (twong Gng
nang sudt khoang 40-50kg peniciltin G/m" dich 1én men). .

Trong didu kién 1én men trén, phan bo chi phi cho khau chudn bi 1én men
va lén men san xudt chiém khoang 80% tong gid thanh ché pham penicillin
tén men ty nhién. Nhu vy, trong cong ngh¢ 1¢n men sén xudt penicillin, chi
phi nguyén liéu la khoan phan bo chi phi 16n nhét trong gid thinh (khoang
50%). Chinh vi vay, kha nang cai thién chi tiéu kinh (€ 16n nhat c6 thé thuc
hién duge néu tim kiém duge ngudn co chat mdéi hi¢u qua hon hay diéu chinh
ché do cong nght hop 1y hon theo hudng giam chi phi nguyeén liéu hodc nang
cao hiéu suit chuyén héa tao san pham. Puong nhién kha ning cai 1ién nay
khong nham thay th¢ xu hudng tim ki€m cdc loai khdng sinh B-lactam méi
vGi cdc dac tinh wu viét va da dang hon, dac biét khi hién trong khang thudc
cha vi sinh vat gay bénh ngdy cang ¢é xu hudng phé bién va tré nén tram
frong trong nhiing nam gan day.
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2.4. XU LY DICH LEN MEN VA TINH CHE THU PENICILLIN TU NHIEN

Cong doan xu 1y dich 1én men thu ché pham penicillin tu nhién duoc t6m
tat trong so do hinh 2.8, bao gém cdc cong doan chinh sau day:

2.41. Loc dich Ién men

Penicillin 1a san pham lén men ngoai bao. Vi vay, ngay sau khi két thic
qua trinh Ién men nguoi ta thuong tién hanh loc ngay dé giam tén hao do
phan huy penicillin va giam bét khé khan khi tinh ché, do cdc tap chat tao ra
khi he soi nam ty phan. Thiét bi loc pho bién la thiét bi loc hut kiéu bang tai
hoac kiéu thung quay. Thong thudng. ngudi ta chi cin loc mot lan roi lam
lanh dich ngay dé chuyén sang cong doan tiép theo. Chi trong nhiing truong
hop rat dac biét méi can phai xur ly két tia mot phan protein va loc lai dich
lan thi hai. Hién tuong tu phan hé soi nam thuong kéo theo hau qua lam cho
dich kho loc hon. Phan sinh khoi nim duoc ria sach, sdy kho va sir dung dé
ché bién thitc an gia sic.

Dung méi chifa penicilin Than hoat tinh rong dung mé

Dung méi
Phuy gia HAP
— _Axit TRICH PHU
Cwch len -nu—\ Ly
(peniciliin & O pH 2,0-2.5
hodc peraciin 'u'w L —e

|
“Thu héi sinh kbl nam

Xty lai thu hai penicillin

Durg maimdi
frita tinh thé)
Penicillin G

(hodc Penicillin W)
——
(muds P-K hodc P-ka)

“Dich lpe sau tieh Iy,
dl chung thu héi dung mai

Knang khinong  {Tinh ché hodn nguyén dung méi

Hinh 2.8. So do tom tat céng doan xurly dich Ién men thu penicillin tu' nhién
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2.4.2. Trich ly

Penicillin thuong dugc trich ly ¢ dang axit ra khoi dich loc bang dung
moi amylacetat hoac butylacetat & pH=2,0-2,5, nhiét do 0-3°C. Nham han
ché luong penicillin bi phan huy, qud trinh trich ly dugc thuc hién trong thoi
gian rit ngan trong thiét bi trich ly ngugc dong lién tuc kiéu ly tam nhiéu
tang canh. Pong thoi, trong thoi gian trich ly cin gidm sat chat che cdc thong
s6 cong nghé nhu: nhiét do, pH, do vo khuan... dé han ché t6n that do phan
hty penicillin. Dich lén men sau khi loc dugc bom tron dong thoi v6i dung
dich H,SO, hoac H,PO, lodng c¢6 bo sung thém chat chong tao nhii va bom
song song cling véi dung méi trich ly vao trong thiét bi. Ti 1& dich loc: dung
moi thudng chon trong khoang 4-10V dich loc/1V dung méi. Trong mot s6
cong nghé, nhim cai thién chat lugng san pham, nguoi ta ¢6 thé ap dung
phuong phdp trich ly hai 1an dung moi, véi lan dau trich ly penicillin bang
amylacetat hoac butylacetat; ti€p theo, penicillin lai dugc trich ly ngugc sang
dung dich déem pH=7,2-7.5, thudng la dung dich KOH lodng hoac dung dich
NaHCO,; sau dé penicillin lai dugc trich ly sang dung moi lan tha 2, véi
luong dung mai it hon (xem so do hinh 2.9).

Diumg mai thu hivi
(hesan nguyen laiy

Dung méi
’ gldu penicillin
Dwang midi

Dich |én men sau trich ly

i & o h -
Ehy g8 {ehung this hidi dung mii) (Eoug;g :;:;.Efmu}
A d
Dung dich H‘ L '
250, Phy gia [“p ["ﬂ

Dich 1én men Dung dich dém sach Dung dich Hy80,
(83 1<)

Trich ly sang dung mai Trich Iy lai sang dung dich dém Trich Iy lai sang dung méi

Hinh 2.9. So dé céng nghé trich ly hai lan dung méi tinh ché penicillin
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2.4.3. Tay mau

D¢ tay mau va loai bo mot 56 tap chat khdc, ngudi ta thudng b sung trire
ti¢p chat hap phu vao dung moi chida penicillin sau trich ly, sir dung phé bién
nhat la than hoat tinh. Sau dé than hoat tinh duge tiach va rira lai bing sir
dung thiét by loc hat bang tai hoac thict bi loc hit ki¢u thiing quay. Phan than
sau loc dugce dua di chung thu hoi dung moi va xur ly hoan nguyén, phuc vu

¢ho cac mé sau.

2.4.4. Két tinh, loc, rira va sdy thu penicillin tu nhién

Viéc két tinh penicillin V hay penicillin G dudi dang muéi cd thé duoc
thuc hién rat don gidn, bang cdch b6 sung truc ti€p vao dung moi sau khi tay
mau mot luong nho kali acetat (hay natri acelat) hodac ngudi ta trich ly lat
sang dung dich KOH lodng (hay NaOH lodng). tién hanh cé chan khong &
nhiét do thip, sau d6 bd sung BuOH d¢ penicillin tu két tinh. Cédc thong s6
cong ngh¢ cd anh hudng 16n dén hicu qua kel tinh la: néng do penicillin,
nong do mudi acetat, pH dung moi hay pH dung dich cé dac. nhiét do két
tinh... Sau khi két tinh, tinh thé penicillin duoc loc tich bang may loc hit
thing quay. Dé dam bac do tinh khiét cao hon. ¢é thé tién hanh hoa tan va
ket tinh lai penicillin. Khi san pham di dat do tinh sach theo yéu céu, thuong
do tinh khiét khong dudgi 99,5%, ching duoe loc tdch tinh thé: tiép theo rira
va lam kho so bo bang dung moi ky nudc nhu izopropanol hay butylalcohl:
hut chan khong tiach dung moi trén méy loc bang tai réi say bang khong khi
néng dén dang san phdm bot musi penicillin. Sin phim nay. mét phan duoc
su dung truc ti€p dé pha ché thudc khing sinh penicillin; con lai, phan 16n
duge su dung lam nguyén liéu phuc vu cho viéc san xudt cic san phdm
penicillin va cephalosporin bin tong hop khdc, Ngoai ra, dé san xudt ra cic
san pham penicillin cé do tinh khiét rat cao, ngudi ta cdn phai sir dung phoi

hop thém mot sd giai phdp cong nghé khac.
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Trong cong doan tinh ché penicillin, cing nhu v6i nhiéu chat khang sinh
khac noi chung, ngudi ta si dung luong lon cdc dung moi khac nhau. Vi vay.
chat lugng trang thi€t bi va viéc sir dung hiéu qua dung moi ¢6 ¥ nghia to 1on.
mot mit né tde dong tryc tiép vao gid thinh chung cta san pham, nhung mat
khdc chiing anh hudng dén an toan chdy no trong phan xwdng va co the g
thanh nguyén nhan gay 6 nhiém khong khi cuc bd nén vin dé nay bao gio

ciing phai duge xem xét, ddnh gid mot cach nghiém uic.

2.5. SAN XUAT CAC B-LACTAM BAN TONG HOP TU PENICILLIN G

2.5.1. Nhu cdu san xudt cac penicillin ban téng hop

Tic dung diéu tri chinh cba penicillin vi cde khing sinh khac thude ho 3-
factam dugc xdc dinh 1a: cau trdc penicillin ¢6 nhi¢u di€m gin gii véi
dipeptit D-alanin-D-alanin, la mdt hop phan cdu trac trong 16p peptido-
glucan thanh t&€ bao. Do su trong dong vé dac tinh va ciu tric nay lam cho
hoat tinh cic enzym tham gia vio qud trinh téng hop thanh € bao bi bi¢n do,
cdc enzym nay di nhin “nhim’ co chat. Két qua la phan thanh t€ bao mdi
tong hop véi su “nham 1an™ trén s& khong duoc hinh thanh, 1am cho thanh t€
bio clla mam bénh chi ¢d ting phan hay ching hoan toan khong ¢ thanh 1€
bao, do dd ching dé dang bi tu phin trong mai trudng va bi cic cong cu tu vé
cta co thé bénh nhan ticu diét. Dong thdi. cdc khang sinh B-lactam con lién
két dac higéu v6i mot sa protein trén mang té bao chit (dén nay dd xdc dinh
duogc chin protein trén). Sy lién két nay di lam “bat hoat” va “hoa tan™ cac
protein dac hiéu trén ming, dan dén lam mat hoat tinh polymeraza va
ATPaza (nguoi ta da xdc dinh duoc trong moi trudng khdng sinh chi ¢é cdc
D-alanin-cacboxylpeptidaza con hoat dong va mot s6 ACPaza nay lai ¢6 hoat
tinh B-lactamaza véu). Ngoai ra, ngudi ta ¢con phat hién thay anh huong cua

penicillin dén cdc chuyén héa photpholipit trong & bio.
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Tuy nhién. nhiéu trudng hop dicu tri v6i penicillin di xuat hién ddu hicu
khdng thuoc, Bén canh do. nguoi ta dd tich dugc bién ching £. cofi Gram am
va mot sO bién chung B. subtilis khing thudc. vin c6 thé phdt trién binh
thudng trong mai trudng chita penicillin. Nguyén nhan chinh ctia hién tugng
khing penicillin nay 1a ching tong hop duge mét trong hai enzym
penicillinaza va dic biét 1a enzym fi-lactamaza. Gen ma hda sinh tong hop
enzym f-lactamaza dugc luu gitr trén cic plasmid (hoac trasporon). Vi vay,
cung v4i thai gian diéu tri, nang lue khdng thudc cla chiing s& trd nén thanh
thyc. D¢ vo hiéu kha nang khang thudc néu trén, vé nguyen 1y, giai phdp don
gian hon ca [a lam vé hiéu kha nang tuong tic cua enzym véi co chat, bing

cdch Tam bién déi cau tric phan ti penicillin.

Tren phuong di¢n di¢u tri, rong timg truong hop cu thé mi ngudi thay
thuéc mong muén cd nhitng che pham khang sinh twong tng véi nhimg dac
tinh khdc nhav, thi du, thudc ¢d phd khing khudn rong hon hoac ¢6 phé
khang khuan hep hon, thude bén véi enzvm B-lactamaza, thuée dé hap thu,
thuce it phan tng phu, thudc dao thii nhanh... hay doi véi bénh nhan cac loa
thudc ¢6 the udng qua dudng miéng thuding an toin v dé duge chdp nhén
hon. Nghia la ngudi ta luon mong mudn tim ra cac ché pham penicillin moi

voO1 dac tinh da dang va khd nang chi dinh diéu tri phong pha hon.

Dé tao ra céc penicillin khic nhau. trén nguyén tac ¢6 thé hoan thién theo
hucng lén men fruc tiép véi cde ticn chal tao nhdnh thich hop dé thu cdc
penicillin. mong mudn hay én men khong st dung tién chat thu axit 6-
aminopenicillanic lam nguyén liéu d¢ tong hop ra cdc penicillin khdc. Tuy
nhi¢n, bang con duding 1én men truc ti¢p cho dén n'ay ngudi ta madi c¢hi ¢ kha
nang 1¢n men duge mot vai loai penicillin. Trong khi dé. con dudng kinh t&
hon ca va dugc trign khai trong san xuat 16n laj 1a chi lén men truc (ép thu
penicillin G (hodc penicillin V) 1am nguyeén lieu, dé tir d6 téng hop ra cdc
penicillin ban tong hop khic. Ngoai ra, bang con dudng bdn téng hop tir

penicillin G (oac penicillin V), ¢6 the san xual ra c4 mot s6 dan xuat B-
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lactam ¢0 gid tri cao nhu cdc cephalosporin bén tong hop hay cic penicillin

¢6 hoat tinh kim ham [3-lactamaza.

2.5.2. San xuat axit 6-aminopenicillanic va san xuat penicillin
ban téng hdp

Axit 6-aminopenicillanic tuy khong ¢6 hoat tinh khdng khuan, nhung cé
the st dung lam nguyén liéu dé téng hop ra nhiéu loai penicillin khic nhau
va cephalosporin. D€ san xuat axit 6-aminopenicillanic, con dudng hicu qua
hon ca hién nay 1a 1én men san xuvit penicillin G (hoac penicillin VY, sau dé
ap dung phuong phdp hda hoc hay st dung enzym acylaza dé phan cat mach
nhdnh bén (xem s& do hinh 2.10). Phurong phdp hoéa hoc ©6 hiéu suat chuyén
hoa cao, 161 90-95%, va t6c do phén dng nhanh. song lai tiéu hao nhiéu nang
luong, nhi¢u dung moi va chita dung nguy co 6 nhiém moi trudng cao. Trong
khi d6, phuong phip enzym, tuy hi¢u qua chuyén hoa thap hon nhung diéu
ki¢n phan img ém diu vd mang lai hiéu qua Kinh t€ cao hon nén duoce trién
khai pho bi¢n trong thuc tién san xual cong nghi¢p. Déng thai, ciing nhd wu
th¢ trén, phuong phdp enzym dugc hoan thién lién tuc va ngdy nay di dat
dugc wu the vuot trdi so véi phuong phdp héa hoc (xem bang 2.2). Mot vii
dac tinh ky thuat va céng nghé trong thu nhin va dng dung cnzym nay duoc
gi61 thi¢u trong phan 2.6.

Tur axit 6-aminopenicillanic ¢6 thé dé dang tao ra duge shiéu ché phim
penicitlin ban tong hgp khdc nhau. thi du nhu propicillin, ampicillin,
amoxycillin.... bang ca hai con dudng: acyl héa truc 1i€p axit G-amino-
penicillanic theo phuong phdp hda hoc hay st dung enzym acylaza vi khudn
(xem so d6 hinh 2.10). Tuy nhién. enzym acylaza thuong thé hién déng thii
ca hai hoat tinh synthetaza va hydrolaza, thay déi phu thuéc vao diéu kien
phan (g, nén & cong doan nay ngudi ta lai &p dung phd bién con dudng acyl
hoéa truc ti€p theo phuong phép téng hop héa hoc.
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Badng 2.2. Phén b chi phi trong san xuét axit 6-aminopenicillanic
(40 tdn/nam, theo Hang Snam Progetti, italia)

Phan bé chi phi Phuong Phucng phap enzym
Phép {ché& pham enzym ¢4 dinh trong
héa hoc triacetatcelluloza)
SUr dung penicillin | S dung penicillin
G tinh khiét G thd 4

Penicillin V 43.72 46,01 3965
Héa chat 7.19 0,78 .39
Ché pham enzym --- 2,67 2,67
Vat tr khdc 4,64 0,91 0,91
Nhén cong 3.12 3.05 3.95
Khau hao thiét bj 6,16 4.99 3,85

. Chi phi khdc 2,28 3,18 2.90

|  Téng cong 68,41 62,49 55,28
50 46 téng hop bing phusng phip hea hec

Penicillin 6 (-t SIC @CHB DNH‘ET_\f DT
coosncn iR
@CH?'C N ROH @CH:.‘(IFN 3. CHy ]
:E( Cobsicy, 0% OR N I ——
. HO CH,
Y CH,-COOR
~—2 (Open; + t(_fm

an1 B-aminepercillanic (G-APA)

56 d6 téng hop bing phuong phap enzym

@cugconn\l:( _Tcul

Penicillin-acylaza

H.N
e

9’ COOH

+ @CHQCOOH

a 1L B-arminopenicillanic {5-APA)

Hinh 2.10. So d6 téng hop axit 6-aminopenicillanic tir penicillin G



2.5.3. San xuat axit 7-aminodeaxetoxy-cephalosporanic

(7-ADCA) va san xuat cephalosporin ban téng hop

Cephalosporin 1a ho chat khidng sinh thudc nhém B-lactam vdi dac tinh
quy nho it bi khang thuéc hon penicillin va duge ddnh gid 1a an toan hon cho
ngudi bénh. Céc san pham cephalosporin ban tdng hop khic nhau déu duoc
tong hop tir san phdm trung gian 13 axit 7-aminodeacctoxy-cephalosporanic
(7-ADCA, xem muc 3). San pham 7-ADCA ndy cé thé dugc tdng hop tr
penicillin G, tr axit 6-aminopenicitianic hay tir cephalosporin C (la mot san
pham lén men tu nhién), trong dé cho dén cuéi thé ky XX con duong hiéu

qua kinh t& nhdt van 1a tong hop tir penicillin G theo so dé hinh 2.11.

0
o 4
@C”FON“T_—(S c CHLOOH, 1)>90% @CH:,CONH S\ CH,
CH, - t( ECH-J
SN
o]

g " coon

COOH
0
. 3 (C)eoom
@CH:-CONH SnCH: (CH). SIN-C-OSi(CH CHOONH.__ -5
HJCH_\. Pyridin, HBr, 11> 80% =N CH,
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@CH:,CONH $ HN s
1 ¢ 190% 1
P N\I;L PCl. ROH, 1090% & N\I;Lcﬂ3

o (}H.J
COOH [l
axit 7-arwrodeacetoxycephalosporae (7-ADCA)

Hinh 2.11. So dé téng hop hoa hoc axit 7-ADCA tir penicillin G

Tir san phdm 7-ADCA ngudi ta dé dang acyl héa bing cic mach nhdnh
twong tng dé san xuat ra cac cephalosporin ban téng hop, trong dé bao gém
thco ca hai huéng la thay thé nhidnh tai vi tri G, (thi du nhu cephalecin,
cephadrin, cephadroxil...), hay thay th¢ dong thdi mach nhdnh tai ¢4 hai vi uri
G va G (nhu: cephazolin, cephatrizin, cefoperazon, cephamadol,

cefotiam...).



2.5.4. San xuat cac p-lactam ban téng hogp cé hoat tinh
kim ham p-lactamaza

Bén canh cdc ng dung néu trén, axit 6-aminopenicillanic con duge su
dung lam nguyén liéu d€ san xudt mot s6 ché pham penicillin ban téng hop
cd ca hoat tinh kim hdm PB-lactamaza (thi du nhu oxacillin, cloxacillin,
dicloxacyllin, flucloxacillin...), hay két hop sir dung axit clavulanic hodc axit
olivanic Jam mach nhanh dé lam tang hiéu qud diéu tri (hai axit niy tuy cé
hoat tinh khdng sinh véu, nhung lai ¢é heat tinh kim hdm p-lactamaza dac
hiéu) hoac duge sir dung dé san xudt mot s6 chat kim him B-lactamaza (thi

du nhur axit bromopenicillanic).

2.6. SAN XUAT VA UNG DUNG PENICILLIN-ACYLAZA

2.6.1. bai cuong

Nam 1959 Bachelor cling déng nghiép di tich va xdc dinh duge dic tinh
cua axit 6-aminopenicillanic tir dich 1én men penicillin. Tiép theo, ¢6 thé st
dung axit nay lam nguyén liéu dé san xuat ra nhiéu loai penicillin bdn tdng
hop khic nhau. Cong trinh nay di md ra hudng phdt trién méi to 16n cho
cong nghé¢ san xudt chat khang sinh bdn tong hop ho B-lactam néi riéng va
VOl toan bd nganh céng nghiép san xuit chat khdng sinh ndi chung. Axit 6-
aminopenicillanic bao gid clng xudt hién trong moi trudng lén men
penicillin. Tuy nhién, viéc 1én men truc tiép axit 6-aminopenicitlanic khong
kinh t€ do nong do cdu ur nay trong dich [én men rat thap ma lai kho tach khi
tinh ché. Vi vay, trong san xudt cong nghi¢p ngudi ta lua chon con dutng 1én
men san xuét penicillin G (hodc penicillin V), sau dé sit dung enzym acylaza
phéan cat mach nhanh dé thu axit 6-aminopenicillanic (xem so dé hinh 2.10).
Viéc sir dung enzym acylaza trong thai kv dau nhiimg nam 60 cia theé ky XX
con gap nhiéu khé khan do hiéu qua kinh 1€ thap. buéc sang thap ky 70 ngudi
ta da sdn xudt va ung dung hiéu qua ché pham enzym acylaza c¢6 dinh vao
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muc dich trén. Giai phdp ch& pham ¢6 dinh da tao ra budc dot phd vé gid
thanh va ngay nay c¢éng nghe sir dung enzym acylaza da tro thanh cong nghé
chu dao trong linh vue nay (trong dd enzym acylaza chi yéu duge s dung
dwéi mot trong hai dang 1a: ché pham cnzym ¢6 dinh hay ché pham té bao ¢6
dinh).

Enym penicillinacvlaza (hay penicillinamidaza) cé tén khoa hoc la
penicillin-amidohydrolaza (E.C.3.5.1.11), trong cdc danh phdp trén ngudi ta
str dung phé bién hon ca tén penicillin-acylaza. Enzym nay xlc tic dong thoi
ca hai phan tng thuan va nghich, vdi can bang phan tng dich chuyén phy
thudc vao diéu kién méi trudng (trong thyc tién cong nghiép, ngudi ta chi
khai thdc phan ing theo chiéu thuan; con chiéu nguge bi b qua, do hiéu qua
kinh t& thdp hon nhiéu so vdi phuong phdp t6ng hap héa hoc). Trong tu nhién
c6 rat nhiéu loai vi sinh vat ¢é kha nang sinh tong hgp enzym penicillin
acylaza. Cic ching cong nghiép ¢6 hoat luc cao thudc cdc ledi: E. coli
(Bayer A.G.). Sweptomyees lavendulae {Beecham), Alcaligenes fuecalis
(Bristol-Myers), Proteus rettgeti (Pfizer)... Mot diac diém thuong thiy &
enzym ndy la: dudng nhu enzym ¢6 nguén géc vi khuan thuong tic dung
hiéu qua hon khi co chat 1a penicillin G: song enzym tir ndm lai phan tng dac
hiéu cao hon trén co chat penicillin V. Dya theo dac di€ém trén nguoi ta
thuong goi tén enzym kem theo co chit chinh cua ching, thi du,
belzylpenicillinacylaza {twong tng voi penicillin G),
phencoxymetylpenicillin-acylaza (twong tng voi penicillin V), D-o-

aminobelzylpenicillin-acylaza (tuong (ng vé ampicillin)...

R-CONH S (CH N HNe S\ CH,
11 Yow, + no ~Cemodnesom. T} f°"3 +  RCOOH
&N "cooH & COOH
axit G-aminopenicillacc (5-APA)
Cacgoc R ke
R = @CH,- trang benzylpenicilin R - CH- tong « -aminebenzylpenicilin
‘ {penicit..n 5 I':IH-~ {ampcilling

R - @OCHz- freng Llhe‘;::?gl,l.;ﬁlcg'.:-enic».‘!in R - Ho-@ﬁ:; treng ?:::g;oyéml:;-amlr\obenzylpentillin
Hinh 2.12. Phdn img acyl héa mét sé penicillin nhd penicillinacylaza
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2.6.2. Tuyén chon ching vi sinh vat sinh tng hop enzym
penicillin-acylaza

Vi¢c phéan lap va tuyén chon so bo ching vi sinh vét sinh téng hop enzym
peniciltinacylaza thudng bat ddu bang tuyén chon trong cdc chung khing
penicillin, hay nuéi cdc vi sinh vat bang moi trudng chi chita thic an khodng
va su dung benzylpenicillin (hoac phenylacetic) lam ngudn thic dn cacbon
duy nhat, hay lam giau vi sinh vat dat khi chi sir dung phenooxyacetic va
penicillin V 1lam nguén cung cdp thiic an cacbon va nito.

Céc chiing phéan lap dugc sau dé duoc tuyén chon k¥ ludng, v6i viée dp
dung nhiéu giai phap k¥ thuat tao giéng va cai tao hoat luc ching khéac nhau
dé thu chung cong nghiép (xem muc 1.3.1). Cc giai phdp xir 1y tao bién
chung di duge st dung hiéu qua vao muc dich nay nhu: xur 1y tia cuc tim, xir
1¥ etylmethansulfonat (EMS). x{r 1y s#-metvi-s-nitro-s-nitro-guanidin (NTG)
hay 4p dung k¥ thuat tdi 16 hop ADN. Trong qud trinh tuyén chon ching phai
kiém tra thudng xuyén nham loai bo cic ching c¢é hoat tinh p-lactamaza.
Daéng thoi v6i qué trinh tuyén chon ching, ngudi ta phdi tién hanh nghién
ctru dic tinh sinh 1y va sinh héa chung, tim ki€ém nguén nguyén liéu, thiét bi
cong nghé va t6i w héa diéu kién 1én men dén quy mo san xuit cong nghiép

{xem muc 1.3.2)

2.6.3. San xuat ché pham enzym penicillin-acylaza

Cong nghé san xuat enzym penicillin-acylaza hién nay bao gom ba cong
doan chinh la: 1én men, xir 1¥ dich 1én men va san xudt ché phim enzym cé
dinh. Véi vi khuin E. coli, cong doan 1én men ¢6 thé t6m tat qua cic budc
sau: bién chung E. coli duge gilt giong phuc vu san xuét trong 6ng thach
nghiéng; tir moéi trudng trén, giong duge cidy chuyén ra binh tam gidc, nuoi
hi€u khi trén mdy lac tron véi nude chiét mam hat 1,2%, pH=7, trong 24 gid;
tiép theo, gidng duge nhan sang fermentor dung tich tang dan, véi ti & cdp
giéng 5%, cho dén khi du lugng giong cho 1én men san xuat. Mot vai dac
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di€ém chinh cta qud trinh nhan gidng va lén men 1a: phenylacetat duge sir
dung lam chat cam ung (thudng dudi dang phenylacetatamon, b6 sung lién
tuc) va trdnh moi nguon thic an cachon khde, khudy tron va suc khi thap
(04-0.9v,/V i wa)» Dhiét dé 1én men trong khoang 24-31°C, enzym
penicillin-acylaza dugc téng hop cuc dai sau khodng 20 gidy lén men. Sau khi
ket thic qud trinh 1én men, nguoi ta tién hanh xit ly ngay dich 1én men thu
sinh khai rd1 xir ly tiép dé thu enzym hay s{r dung truc ti€p toan bo cdc t€ bio
nay lam nguyén liéu dé san xudt ché phim enzym cé dinh. D€ xir 1y thu
enzym, cd thé 4p dung mot trong haj quy trinh:

¢ Loc dich lén men thu sinh khéi; nghien t€ bao bang thiét bi nghién phun
dong héa cao dp; két tua loai bo axit nucleic va thanh t€ bio; két tha phan
doan bang amon sulfat va polyetylenglycol thu phan doan enzym; tich
tinh ché 1i&€p qua cot dietvlaminoetylcclluloza DEAE.

¢ Loc dich Ién men thu sinh khéi; nghién t&€ bao bing thiét bi nghién phun
doéng héa cao dp: két ta tanin 20%:; dong hda lai trong aceton tanh; béd
sung tiép aceton dé két tia enzym: hoa tan lai trong nutée; tach hap phu
qua ¢t cacboxymeltylcellulose CMC: nha thu enzym nh¢ dém phét phat
pH=8.0.

Enzym penicillin-acylaza cong nghiép (pho bién la benzylpenicillin-
acylaza), sau dé duge c6 dinh vao chal mang thanh dang ché pham enzym cd
dinh. V&1 muc tiéu nay, trong thuce tién cdc hang san xudt da lua chon nhiéu
chit mang khac nhau (ca chit mang khong tan trong nudc va chit mang tan
trong nudc), trong dé sir dung ci ba dang ky thuat lién két dé ca dinh la: hap
phu don gian hoac hap phu va lién k&t mang ludi. lién két cong hoa tri hay si
dung k¥ thuat nhot giit trong gel (xem bang 4). Trong cdc giai phap niy,
phuong phdp hoat héa cyanogenbromit-Scphadex G-200 duge xem Ja gidi
phdp ¢6 nhiéu uu diém hon vé dac tinh loc, do 6n dinh va hiéu quai dng dung.
Phuong phdp tao ch€ pham ndy bao gdm cdc cong doan chinh sau: ngam qua
dém Sephadex G-200 trong nude da kha hét ion dé truong nd; sau dé bé sung
cyanogenbromit tir 1 va khudy nhe dé o hat gel, loc tdch va rira k¥ gel bang
nude di khir hét ion; ngam gel qua dém trong dung dich enzym tinh khiét &
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pH=7,3, 4'C; cudi cung loc va nira lai bang nudc di khir ion thu ché pham
enzym ¢& dinh. Trong k¥ thudt nhot git enzym trén soi triacetatcelluloza
ngudi ta ti€n hanh qua c¢dc bude chinh la: pha dung dich enzym penicillin-
acylaza (trong dém phosphat pH=8. c6 boé sung glycerol 30%v/V. & 4°C),
khuay déu va bé sung nhé giot tix tir triacetatceliuloza (hoa tan trude trong
metylenclorit) dé tao nhil tuong. Khuay déu hoan toan roi dé lang 30 phuit;
-sat dé nén phun thang dich nhii vio thung chia toluen dé lam déng t
triacetatcelluloza (qua cira 16 tao sgi); vat thu sgi, sdy chan khong loai dung
moi, xe cdc soi nho thanh sgi 16n hon, bén lai thanh bé 161 dua bao quan &
5'C chd dua di sirdung.

Ché pham enzym penicillin-acylaza & dang ¢d dinh toan bg t&€ bao vi sinh
vat lan dau tién duge sd dung vio nam 1976. So vdi céc ché pham khae, che
phdm c& dinh todn bo t& bao ¢ uu diém (4 khi chudn bi da bd qua khau tich
va tinh ch& enzym. nhung nhuge diém 1a tinh dac hiéu thdp. Han ché nay cé
thé khic phuc theo cdc hudng: tuyén chon cdc chiing ¢é hoat luc cao va tinh
dac hiéu phan ing cao hon; 61 wu hda thiét bi va diéu kién 1én men thu nhicu
sinh khé&i hon; va lua chon k¥ thudt bat gilr ¢6 kha nang cai thién va nang cao
nang luc séng s6t cho t& bao nham kéo dai thoi gian st dung. D€ sén xuat
ché¢ pham enzym benzylpenicillin-acylaza dang ¢d dinh ¢ bdo ngudi ta
thudng st dung vi khuan E. coli (ching E. coli ATCC 11105 hay bién ching
E. coli K5/pHM 12). Cac k¥ thuat nhét bit gilt 1€ bao tao ché pham da duge
st dung gém: két tha don gian sit dung polymer tong hop “BEudragit”, s
dung gel alginat dd dugc x{r 1y hoat héa ion bé mat bang Ca™, tao mang
polymer hoa methacrilamit, ngung ty polymer héa polyurethan va ngung tu
nhua epoxy. Trong cdc giai phap nay, phuong phdp ngung tu epoxy ¢6 uu thé
hon & nang luc va hiéu qua nhét gitt, do bén co hoc va thuan loi khi hoan
nguyén ché pham. K§ thuat nay tién hanh gém cdc cong doan sau: tron céc
tién chdt wao nhua epoxy va chat phu gia vé6i dich huyén phu sinh khéi vi
khuan, khuay déu trong 36 gid: bé sung dich canxi alginat va khuay tron déu;
1i€p theo bd sung gidn doan dung dich CaCl, dé 1am déng tu 16p gel alginat
trén bé mit cdc hat nhua; tich thu hat va say chan khong lam kho; cudi cting
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ngam lai hat trong dung dich dém phét phat d€ hoa tan phin alginat bén
trong roi loc tach thu hat ché pham. ‘

D¢ sin xuét ch€ phim enzym phenooxymetylpenicillin-acylaza, ngudi ta
lai thudng sir dung cdc ching nim méc ¢6 hoat luc cao thude céc gidng
Fusarinm, Penicillinm, Plenurotis vi Bovista. Q‘uy trinch san xuét ché€ pham
enzym penicillin V-acylaza quy mo nho. st dung ndm Bovista plumbea
NRRL 3501 c6 thé tém tit gom cdc budc chinh: gidng bio quin duge nuéi
hoat héa trén méi trudng Sabouraud-aga trong 14 ngay & 24°C; chuyén ca
bao tir va soi ndm sang nhan gidng ti€p trong binh tam gidc nuéi trén mdy lic
tron ¢ 24°C, 96 gi¢ (trong moi trudng cao ndm men 1%, glucoza 5% va céc
mudi khoang khac, pH=6,0); chuyén nhan giong tiép trong fermentor 5 lit; sit
dung cung moi truong, nudi cd suc khi va khudy tron 6 24°C, 96 gid; két thic
1én men loc va lam trong dich, lam lanh dich trong xudng nhiét do thap va
di¢u chinh vé pH=4,5, hip phu enzym bang betonit, tich thu betonit va rira
nha bang nudc mudi sinh Iy pH=10.0, ¢6 dac chan khong & nhiét do 10°C, réi
dua sang cong doan sidn xuat ché pham enzym c6 dinh.

2.6.4. SUr dung enzym penicillin-acylaza dé san xuat
axit 6-aminopenicillanic

Cong doan san xuat axit 6-aminopenicillanic tir penicillin G (hodc
~ penicillin V) ¢6 thé phan 1am hai budc chinh 13 giai doan phan tng thuy phan
co chdt va giai doan trich ly va tinh ché thu san phdm. D€ thily phan co chat
¢6 the sir dung nhiéu kiéu thiét bi phan ung khdc nhau, duoc lua chon phi
hop véi dang ché& phdm enzym ¢6 dinh st dung (hinh 2.13). Yéu cdu chung
cla thi€t bi phan ting 13 phai cé kha nang dam béo phan b déng déu va hiéu
qua cdc cdu tir trong toan thiét bi, dac biét la v6i lugng NaOH bd sung dé dn
dinh pH, trong diéu kién khudy trén hop 1y nham han ch€ phd v cdu tric co
hoc enzym. Péng thdi ¢ gidi phdp cong nghé phu hop dé thu héi, hoin
nguyén tdi st dung ch€ pham enzym va han ché nhiém tap vi sinh vat trong
qua trinh phan tng.
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Bang 2.3. Ban chét lién két dp dung dé cé dinh enzym benzylpenicillin-acylaza

Ban chat lién két

Ky thuat ap dung

. Chét mang khong
tan trong nuoc

: - Hap phu gian don

- Hap phu v6i enzym da
duoc xir 1y lam tang luc
hap phu

i - Hap phu va lién két

mang

- Lién k&t cong héa tr1

- Nhoét gili trong gel

- Hap phu cnzym bang ngam truc ti€p bot
bentonit va diatomit, pH=6,2-6,3 trong thoi
gian | gio (Hang Snam Progetti)

- Xir 1y enzym bang anhydric suxinic (hoic
anhvdric malic), sau d6 hdp phu bing DEAE-
Sephadex (Hang Otsuka)

- Tao lién két dong hoa tri véi glutaraldehyt va
hap phu trén nhua polymetacrylat (nhua
Amberlite XAD-7; Hang Beecham) & pH=3,0

' - X0 1y hoat héa bing cyanogenbromit CNBr

dé gan vio Sephadex (-200 (Hang Asrra)
hay gin vao dextran (*idng Bayer)

- Xir 1§ hoat héa anhydrit dé lién két vao
polymer hén hgp; gébm acrylamit, anhydrit
maleic vi N, N’-metylen-bis-acrylamit

- Nhot gir trong gel polyacrylamit (Hang
Tanabe Sciyaku; Hang Squibb), hay nhét

trong gel triacetatcelluloza (Hang
Pharmaccutical  Industries; Hiang  Snam
Progetti)

Chédt mang tan
trong nuoc

. - Lién ket cong hoa tri

- Xit 1y hoat héa biang cyanogenbromit CNBr
dé lién két vao polymer hdén hgp tan trong
nuGe gilra Saccaroza va epiclohydrin

- Xt 1y hoat héa anhydrit dé lién két vao
polymer hén hop ky nudc gilia etylen
anhydric maleic va n-octadecylamin

Trong thiét bi phan iing dang huyén phit (hinh 14a va 14b) nguoi ta tron
ch& pham enzym vao trong dung dich co chat, khudy tron nhe dung dich va
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khéng ch€ nghiém ngat dieu kién phan dng & 35-37°C, pH=7.8-8.0 (bing
dung dich NaOH). Két thic phan (ng, dich duoc thu dua sang cong doan
trich ly tinh ché san pham. con ché pham enzym duge giit tai dé thiy phan
ti€p me sau (bang sang chan don gian hay loc thu hoi). Thigt bi phan vng
ki€u phin loc thudng duge dp dung phé bién hon v6i ché phim enzym c6
dinh dang sgi nhét gilt enzym triacetatcelluloza (hinh 14b va 14c). Kich
thude phin loc duge tinh todn sao cho trong qud trinh van hanh thoi gian luu
cua dich trong phin dd nhé nhim trdnh xu4l hién sy gidm pH cuc bo do axit
tao thanh, trong diéu kién gidm sét bién déi trd luc loc gidi han cho phép,
dam bao khong [am anh hudng 16n dén cu tric ché pham.

Penicillin G MaDH Penicillin G NaoH

e rere—
N ra

Nudic v do
Sang loc chéh enzym

M v 30

Bitrich |y 6-APA

JBitich ly 6.APA

i iy ché pheafn N Ty T

Penicillin G
1 »
Che’phéfn enzym *'\I‘an %3 khj
v =
n Mucic ra . N
(€ K [~
- |
-J - d
i v de
7 b
an x3 khi

E———— ]
P tiich ly B-APA

Hinh 2.13. Mdt s6 dang thiét bi acyl hoa
trong san xudt axit 6-aminopenicillanic

Dich phan img thity phan sau khi tdch thu héi ch& pham enzym duge [am
lanh nhanh xudng nhi¢t d¢ thap (khodng 4'C). diéu chinh vé pH=2,5 bang
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dung dich HCl r6i st dung metyl-izobutylcéton (0,5v/V) dé trich ly
phenylacetic va penicillin G du. Sau khi tdch phan pha loai dung moi, su
dung dung dich NaOH diéu chinh pH pha nudc vé pH=7,8 réi ¢cé chan khong
& nhiet do thap (dudi 35'C) dén néng do 6-APA khoang (12-15)%. Ticp theo,
st dung HCI diéu chinh pH dich dic vé diém ding dién clia 6-APA & pH=4,3
dé két tinh. Tinh thé axit 6-aminopenicillanic dugc rita nhanh bang nudc, lam
kho bang aceton rdi sy chan khong o nhi¢t do thip dén kho hoidn toan. Néu
kiém soat t6i wu diéu kién thity phan, diéu kién trich ly v két tinh, c6 thé dat
hiéu suat thay phan penicillin tdi 94-96% va hiéu sudt thu héi axit 6-
aminopenicillanic téi 94%.
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CONG NGHE LEN MEN

CEPHALOSPORIN VA CEPHAMYCIN

3.1. DAl CUONG

Cephalosporin va cephamycin thudc ho chdt khdng sinh ¢6 cdu triic vong
chinh gom vong B-lactam lién két véi vong dihydrotiazin ¢hinh 3.1). Ngay
nay, ngudi ta di phdt hién dugc nhiéu lodi nam, xa khuén va vi khuan khdc
nhau c¢é kha nang téng hop cephalosporin; nhung khd ning téng hop
cephamycin méi chi tim thay & xa khuan va mot vai ching Norcardia.

R'J

e,

R,-CONH—E:f ik .
£l 3
NeL2 S CHLAR,

Tén khdng sink
Cephalosporin ©

Desacetoxyocephalosporn C
C-177 53 E—
C-1778b

C-1778e

Cephamycin A

Cepharmycin B
Cephamycin

C-2801x

Oganomycin &

Cganarmycin F

Oganomycin H

”
COOH
R,

HOOC-
HN

HOOCA
H CH-(CH) -
HOQC-(CH,).-
HOOC~(CH)-
HOOC-(CH,).~

HOOC.
HQN’CH -(CH 2} i

CH-(CH.) -

HOOC
H:N LCH-(CH )~
HOOC-

HaN7

HOOC
H N~

CH-(CH.} -
CH-(CH.).-

HQQLC-

H,N” CH'(CH:‘) i

-OCH,
-OCH,
-OCH,
-OCH,

-OCH,
-OCH,

-OCH,

-OCOCH,

-ocog-cn—-D—oH

OCH,;

—ocor;=cu—Q—OH
A

CHy  N-N
-5 )~ SCH.CO0H

N-N ¢H;
_S-<s>- CH3

Hinh 3.1. Mét vai sdn pham cephalosporin va cephamycin Ién men turnhién
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Chét khing sinh dién hinh cho ho nay 1a cephalosporin C duge Newton
va Abraham phat hi¢n nam 1956 (Nagarajan vi dong nghiép phat hién duoc
cephamycin muén hon, vao nam 1971). Uu di¢m L6n cla cephalosporin C i
¢6 tdc dung khdng khuan déi véi ca cdc cdu khuan cé hoat tinh B-lactamaza,
nhiéu vi khuan Gram am va hau nhu khéng doc (lidu tiem dudi da LD, 1a
4g/kg thé trong). Dé san xuat cephalosporin C, nguoi ta thudng sir dung céc
chiing xa khudn ¢4 hoat luc cao clia lodi Cephalosporium acremonium. Co
ché qud trinh tong hop cephalosporin C cling qua san phim trung gian
penicillin N (xem phan “Cong nghé [én men penicillin™) ro1 ching dugc
chuyén hda tiép tuc theo so dé hinh 3.2. Tiép theo, cephaloporin C qua qué
trinh metoxyl héa tai vi tri C, & hinh thanh cephamycin. Diém dic biét cla
qua trinh hinh thanh cephalosporin C l1a mach nhdnh o-aminoadipyl lién két
dac hiéu hon vdi vong [b-lactam (hoac chinh cdc chung nay khong ¢é cnzym
acyltransferaza), nén viéc sir dung cdc tién chélt tao nhdnh thay th€ trong qua
trinh 1én men nhim thu nhin cdc cephalosporin khdc hau nhu khéong thu
duge hiéu qua ding ké.

HA, S
S...CH o "CH-ICH.)s-CONH
LGS CHH{CH )5 CONH-D/ “CH, H tooc-CH-IChy)s [
~COOH o7 N,
COOH

- U +03z H.N.
HOOC’CH CH2 ) CONH — HOO'C,CH CH',,'I,. CONH‘E(

.
7 Ch N CH.OH

COOH COGH

HN, _ § axelyl-CoA HM. - §
Hooe> CH-(CHpr CONH el HOOC,CH-(CHEJB-CONH-D/

o’ N\I/\CHEOH o7 TN CH,-0C0CH,

COOH COOH

Hinh 3.2. Co ché'téng hop cephalosporin C (giai doan cudi tir penicitlin N)
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3.2. DIEM CONG NGHE LEN MEN

Ciing nhu véi hau hél cdc chat khdng sinh khdc, cong nghé [én men san
xuit cephalosporin C dudc cdc hiang bao mat. V¢ nguyén ly cong nghe, qua
trinh 1én men cephalosporin C c¢ nhiéu diém tuong dong véi cong nghé len
men san xuat penicillin, v&i viéc st dung cdc ching cong nghiep hoat luc
cao. thinh phan méi trudng va cdc thong s6 cong nghé 1én men duge 161 wu
héa... Sau dé, titr cephalosporin-C., bang phuong phap cnzym hoidc phuong
phép tong hop héa hoc. ¢é thé 16ng hop duge axit 7-amino-cephalosporanic
(7-ACA) hay axit 7-aminodcacetoxycephalosporanic (7-ADCA - hinh 3.3).
Tir san pham trung gian nay ¢6 the san xuét ra nhi¢u ché pham cephalosporin
bdn téng hop khic. Tuy nhién. viéc nghién cdu hoan thien va trién khai san
xvat cong nghiép cephalosporin C gip khé khan hon nhicu so véi qud trinh
jén men san xuat penicillin. Nang luc tich ty cephalosporin (hay cephamycin)
clia cde ching gdc thudng rat thap vi viée tuyén chon, cai tao hoat tinh
chung trong khodng théi gian dai chua tao ra duge cic chung ¢6 nang luc
siéu téng hop cao nhu mong mudn. Pdéng thdi, cic chung len men
cephalosporin dudng nhu khéng ¢é hoat tinh enzym acyltransferaza nén vice
sit dung tién chit tao nhanh nhiim thay déi pho san pham tao thinh trong qud
trinh 1én men cephalosporin khong mang lai k& qua ddng ke, Trong khi do.
bing phuong phap héa hoc tir penicillin G (hay penicillin V) nguoi ta de
dang thu dugc axit 7-ADCA voi hi¢u qud kinh t€ cao hon so vai tu
cephalosporin C (hinh 2.11). Day ciing ¢6 thé 1a mét rong nhiing nguycn
nhan lam cho viée nghién cfu tim ki€m cephalosporin hay cephamycin tiu
nhién mdéi va viée hoan thién cong nghé 1én men hai ho khing sinh nay trong
khoang thin gian dii khong duoc trién khai manh m& nhu nhiéu ho san pham
khdng sinh khdc. Khoang hai muoi nam gan day, viée dp dung cdc k¥ thult
tao chiing tién tién, cic phuong phap nghi¢n citu hién dai st dung trang thiél
bi phan tich ¢6 do chinh xdc cao dif cho phép khdm phd ra co che phin ur cia
qud trinh {én men: phéi hop véi viee dp dung k¥ thuat van hanh vi dicu chinh
qui trinh lén men hién dai, dd md ra trien vong méi cho nhém sin pham nay.
Vi vy, hudng nghién clu xay dung va hoan thién cong nghé lén men
cephalosporin tu nhién trong vai nam gin day dd lai duoc tiép tuc tri¢én Khai.
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Cdc san phdm cephalosporin bin tdng hgp bao gém cd nhém san phdm
acyl héa goc 7-amin va nhém sin pham thay thé g6c acetoxy- & vi tri C;
cong thitc héa hoc cia mot s6 san pham bdn téng hop thuong mai phd dung
dugc gidi thi¢u trong hinh 18. V& cau trdc, cephalosporin va cephamycin
cung thu¢c nhém khéng sinh B-lactam nén chiing ¢6 cling co ché tée dung
lén qud trinh tong hop thanh 1€ biao clia mim bénh, tuong ty nhy penicillin.
Tuy nhién, so v&i trudng hop penicillin, ngudi ta da phat hién thay c6 sir khac
biet vé loai protein dac hiéu trén mang lien két véi cephalosporin va
cephamycin. V¢ hoat tinh khang khuan, ngodi phé khing khudn rong tren
cdc vi khudn Gram duong, nhidu khiang sinh nhém nay tdc dung 1én ¢4 mot
s6 vi khan Gram am va mét s6 khéc tic dung hieu qua 1én ca cdc chimg vi
khuan ¢6 hoat tinh B-lactamaza dién hinh.

a/ Phudng phap enzym

s HOOC
HOOCyy cH) coNH-E( L + e (CH.) Co0H
hN ’ \g\ ¢ enococn, N ‘
COOH

CH,OCOCH,
COOH Axit 7-cephalosporanic  (T-ACA}
Gephalosgutn. asetylests I|{2 S
ephalosputin- acetylesteaza
N“z"l'_'v\l d NH, ul’ +  CHEOOH
CH,OCOCH, O/, P CH,OH
COOH COOH

. - Axit T-deacylcephaiosporanic (7-DACA)
b Phudng phap hod hoc

HOOC;CH (CHQSCONH—E( () Sihod thoa i ant Hooc;cu ( Hz)fj{:ONH—E(
H N mal trudng KiEm H N
CH LOCOCH; CHOCOCH,
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Hinh 3.3. So d6 phan ung bién ddi cephalosporin C thanh axit 7-ADCA
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Hinh 3.4. Cau triic mgt s6 khdng sinh
cephalosporin ban téng hop phd dung
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CONG NGHE LEN MEN
AXIT CLAVULANIC

4.1. DAl CUONG

Axit clavulanic 1a mét khang sinh tir nhién duge Brown va dong nghiép
phdt hién nam 1976 (Napier vi dong nghiép ciing phdt hién ra nam 1981, doc
tap v6i nhém cia Brown). Axit nay 1a mot khdng sinh phé rong, tdc dung lén
nhicu loai vi khuan, bao gébm ca vi khuan Gram duong va vi khuan Gram am,
nhung hoat tinh khdng khuan cta ching rat y&u. Tuy nhién, axit clavulanic
lal 6w the dac biét nhd hoat tinh khang B-lactamaza cao. Vi vay., khi su
dung phdi hop axit clavulanic v6i mot khang sinh phd rong khdc thi ché
pham phai hop nay lai rat hiéu qua dé dicu tri cd déi véi cdc lodi vi khudn cd
hoat tinh B-lactamaza. Thi duy, khi st dung riéng ampicillin thi liéu MBC trén
Staphiviococcus aurens 13 300pg/ml. song néu sir dung phéi hop véi axit
clavulanic o nong do Spg/ml thi liéu MBC hi¢u qua gidam xuéng chi cdn
0.1ug/ml. Ngay nay. ngudi ta da phdt hién duge sdu san pham 1én men tu
nhién khdc twong ty vé1 axit clavulanic va x€p chung ching vio nhdém
clavam (hinh 4.1).

Ngay nay, ngudi ta da phan lap va tuyén chon duge nhidu chiing vi sinh
vl ¢d kha nang tich tw luong dédng ké axit clavulanic, thi du nhu
Streptomyces  clavirigerus ATCC 27064 (Beecham Laboratories), S.
clevurigerus NRRL 3585 (Lilly Research Laboratories), S, Jumonjinensis
FERM No. 1545 (Sankyo Corp.), S. Karswrahamanus FERM No. 3944
(Takeda Chemical Industries Ltd.), S. sp. FERM No. 2804 (Sankaru-Ocean
Co. Ltd...
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H *CH,OH

H B 592 Rz H___H 0 /Ja
) £ T G I5 e axit clavulanic
o R, g —N—"LooH
Danhpkapkkang ok ” R, R
Axit clavulanic -COOH =CHCH,OH
Axit f-tydroxypropionyiclavulanic -COO0H =CHCH,COCH,CH,OH
Axit clavam-Z-cacboxylic -H -CQOH
2-Hydroxymethylciavam -H -CH.OH
2-farmylogymethylciavam -H -CH,GCHO
2-(3-Alanyl-clavam -H -CH,CH(NH,)COOH
2-(2-Hydroxyethyl)-clavam -H -CH,CH,OH

Hinh 4.1. C4u tric cdc khang sinh clavam tu nhién

Vé cau trdc. twong 1w penicillin va cephalosporin, trong phan ti axit
clavulanic cling chita vong f-lactam. Mat khac, trong méi tudng lén men
tong hop axit clavulanic, xa khuan Streptomyces clavieligerus thuong tich w
dong thoi mot vai clavam khdc, mét s6 din xuat cephalosporin va
penicillin N. C6 dieu, ngudi ta vin chua phdt hién thdy méi lién quan nao vé
ca ch€ sinh 16ng hop axit clavulanic v6i hai nhém chit nay. Bing cdch sir
dung nguén dinh dudng "'C ddnh ddu. ngudi ta di xdc dinh duge nguyén t6
cacbon tai cdc vi tuf C*, CV, C, C” vad C"" 14 tir acetat trong chu trinh
Crebs, con cic nguyen t6 C, C” va C” 1a tir glycerin. Ngoai ra, ngudi ta
cing da xay dung duge ban d6 gen cla Swepromyces clavuligeris va xac
dinh dugc gen ma hda sinh tong hop axit niy phin bd trén nhiém sac thé.

4.2. DIEM CONG NGHE LEN MEN

Vé cong ngh¢, quy trinh 1én men san xudt axit clavulanic st dung ¢hing
S. clavidigerus ATCC 27064 (hoac chung S. clavuligerus NRRL 3858) quy
mo pilot 2000 lit cia Hang Beecham Laboratories Lid. gém nhimg céng
doan chinh sau day:

75



Gidng xa khuan ddu tién duge nuoi hoat hda trong binh tam gidc trén
may lac tron 240 vong/phit, & 26'C, trong thoi gian 3-5 ngdy, st dung moi
triromg Bennett’s (goém glucoza 1%. nudc chiét thit bd 0,1%, nuéc chiét ndm
men 0,1%, N-Z amin A 0,2% vi agar-agar 1,5%, pH=7,3). Két thiic lén men,
kiém tra hoat tinh tich tu axit clavulanic (bing phwong phdp sinh hoc,
phuong phip enzym hodc bang HPLC), chon cdc canh trudng tot dé thu bao
tir réi dem x(r 1y dong kho bao quan (hay bao quan trong cat, trong dat va bao
quan lanh trén moi trudng 6ng thach nghiéng).

Bao tit giéng tir moi trudng bdo quin duge chuyén béng nudc vo tring
sang binh roux, nudi trén moi trudng dac ¢ 26°C, trong 10 ngay: sau do
chuyén sang nhan giong trung gian trong fermentor 100 1it (chia 75 lit dich
lén men), nuoi hiu khi & 26°C, 72 gio, t6c do khudy 140 vong/phit, luu
luong khi cap 1V, /V e philt. Thinh phin moi trudng 1én men gom: bot dan
tuong 1%, dextrin 2%, dau phd bot 0,03% V,, (dung dich 10% pluronic
L81, la polymer kich thudc 16n tir ctylenoxyt va propylenoxyt, pha trong dau
dau twong: cé thé thay thé dau dau tuong bang dau lac, dau ngod hay m& lon,
nhung hiéu qua kém hon).

aoﬂnﬁﬂﬁ R*ﬁf/‘

ghc Hoal hod Gir gitng L &n men

giding san rudt Nhdn gidrg nnid Nhan gié_'ng san xuat
thu bao I Tpasan higi khi
10 ngay, 269C ! ! i@ [+
J2Y 72 gid, 269 G0 gid, 268C

Hinh 4.2. S0 dé cdng nghé I1én men axit clavulanic (theo Beecham Ltd.)

Thiét bi 1én men PILOT 2.000 lit dugc ch€ tao bang thép chiu an mon;
khudy tron nhd hai ting canh khudy kiéu boi chéo, mdi tdng gébm sdu cdnh
khudy, ti 1& Dy /D 12 0,43, Moi truong 1én men gém bot déu tuong
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1.5%:; glycerin 1,0%; KH,PO, 0,01% va dau phd bot 0,02% V,,, (dung dich
pluronic 10% trong dau dau twong). Viéc thay thé glycerin bang ddu lac, dau

ngod hay md lon ¢6 thé thu duge két qua cao hon, nhung hiéu suit cao nhat 13

st dung Prichemn P224 (triglycerit ciia hon hop axit béo trong do ¢6 65% la

axit oleic). Dich lén men dudc d6 ddy vao thist bi, ¢ mic 1.500 lit, diéu

chinh vé pH=7,0 réi duogc thanh trung truc tiép bang hoi qud nhiét & 121"C,

trong thai gian 30 phdt. Sau d4d. lam ngudi roi cdy chuyén toan bo 5 lit dich

giong sang. Qud trinh 1én men hiéu khi duge ti€n hanh & 26°C, toc d6 khuay

106 vong/phut, lwu lugng cap khi 0,75V, /V . ,.phat. Trong diéu kién 1én

men mo ta trén, ham luong axit clavulanic thudng dat gid tri cao nhat khoang

500pg/ml sau 90 gio 1én men.

Badng 4.1. Thanh phdn méi truong 1én men axit clavulanic

Chiing xa khuan

Thanh phan méi trudng lén men

Streptomyces

clavuligerus

Bot dau tuong 3,0%, tinh bot tan 4.7%, FeSO,.7H,0
0,01%, KH,PO, 0,01% va silicon phd bot 0,05%V,,,
(theo bang sdng ché€ 5§ 1.543.563, Vuong qudc Anh)

S. jumonjinensis

Bot dau tuong 1%. glucoza 2%, CaCO; 0,2%,.
CoCl,.6H,0 0,001%, Na,SO, 0,5% va dau pha bot 0,5%
(theo bang sdng ché s6 1.563.103, Vuong qudc Anh)

Streptomyces

katsurahamaniis

Bot dau tuong 1,5%, bét hat bong 1,53%, glucoza 3%,“Linh
bot ngii céc 3%, pH=6,5 (theo bang sdng ch& s6 53-104796,
Nhit Ban)

Axit clavulanic 12 san phdm ngoai bao. Vi vay, sau khi két thic lén men
ngudi ta loc hay Iy tdm loai bo sinh khoi va thu dich trong. Ti€p theo, dich
loc trong c6 thé duge xUr 1y tiép bang hip phu trén than hoat tinh réi nha bang
dung dich aceton nudc 90%; hip phu trén cot nhua Diaion PA 306 (hay trén
nhura Zerolite FFIP SRA61), nha bang dung dich NaCl réi tach loai muéi qua
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cot Amberlite X-4 (hoac qua cot nhua Hokeutsu HS); hoac trich ly & pH=2

bang butanol va trich ly lai bing nudc & pH=7 d¢€ thu dich axit clavulanic tho.

Luong clavulanic tho dugc tinh ché lai dé thu axit clavulanic tinh khiét, bang

ap dung nhiéu gidi phap cong nghé khdc nhau (phé bi¢n 1 tach sic ky véi

mot $6 loai ¢Ot tach va tat cd moi giai phdp déu trai qua rat nhiéu cong doan).

So d6 hinh 4.3 moé ta (6m tét hai phuong phép tach axit clavulanic, quy mé

san xuat, bao gébm cdc cong doan chinh 13:

a.
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Dich 1én men sau khi lam trong dugc axit héa xuéng pH axit (pH=6.2)
101 dugc chay qua cot nhua trao d6i ion manh Zerolite FFIP SRA 61: sau
d6. chay nha khoi cot bang dung dich NaCl 1,0M & nhiét do thap 0- 5°C:
gom cdc phan doan c6 hoat tinh duoc c6 dic, chay tich loai mudi qua c6t
nhua Amberlitc XAD-4 (5°C, pli=6.2) réi lai nhd bing nude tinh khiét
(5°C) va c6 dac; tiép theo, chuyén axit clavulanic sang dang benzyl este
bang xr Iy v6i benzylbromit trong maéi trudng ¢6 chita dimetylformamit &
4"C: chay tach sdc ky qua cot Sephadex 1LH 20 (s dung dung moi tich la
cyclohexan:cloroform = Iv:1v): tach tip qua cot Silicagel (v6i dung moi
tach la cyclohexan:etylacetat = Iv:Iv) d¢ thu dich benzyl clavulanat tinh
sacl; khdu cudi cung 1a chuyén benzyl clavulanat sang dang natri
clavulanat bang cdch xir 1§ trong moi truong nude chita NaHCO, va 10%
than paladi, loc tich dich trong dé cé dac va két tinh thu san pham.

Dich lén men sau khi lam trong duge lam lanh nhanh xuéng 2-5"C vi axit
hoa xuoéng pH axit manh (pH=2.,0) v trich ly bing n-butanol (1i 1¢ dung
moi : nudc = 0.75; sir dung thiét bi phan ly lién tuc kiéu ly tam nhiéu tang);
sau do, trich ly lai bang 1/20v nudc ¢ pH=7, hoa tan 20% NaCl. Dich trich
ly lai duge chay tach qua cot nhua trao doi ion Permutit zerolit FFIP SRA
62 va nha tich bang dung dich NaCl véi trudng néng do bién thién (0-
0,35)M. Cac phan doan tich cé hoat tinh dudge gom tip trung, ¢6 dic réi
duoc chay loal muoi qua cét Bio-Rad Bio-Gel P2 va nha tich bé'ing 1% n-
butanol (hoac loai muéi bang cot Amberlite XAD-4, nh bing nudce di khi
ton, pH 7). Dung dich axit clavulanic dugce ¢ chan khong loai phan 16n

dung moi; sau dé, lam dong kho thu san pham dang bét.



Dich Ilén men
@ Lém+trong @

I
__Sicky1 Trich ly butanol
cot Zerolite FRIF SRA G

Cé dic Trich Iy ngtsoc
Loai mudi
cot Amberlite XAD-4 S3e Wy

cit Zerolite FFIP SRA 62
Benzyl heoa -

Sﬁcl.k\;' 2 Co dac
cdt Sephadex LH 20
Sic ky 3 Loai muéi
ot Silicagel ciit Bio-Rad Eio-Gel P2

Khtr benzyl hoa
Y Cé dic chan khéng

Ca dac

K&t tinh Béng khé

Axit clavulanic T

Hinh 4.3. So do tom tat céng nghé tach va tinh ché axit clavulanic

Axit clavulanic [a mét khang sinh y&u nhung lai ¢6 hoat tinh khang {3-
factamaza dién hinh nén ducgc tng dung rong rai trong dicu tri & dang phoi
hop v6i mot khang sinh nhém B-lactam khdc. San pham diéu tri pho bién
nhat 1a dang phoi hop giita kali clavulanat v&i amoxycillin dudi tén thuong
mai Augmentin (san pham bao ho doc quvén cua Hing Beecham Research
Laboratorics, dang ky bdo ho 1981, v6i 11 1€ ban dau la kali clavulanat
famoxycillin trihydrat = 1:2 theo khoi lwgng. Ti 1¢ ap dung hién nay thutng
thay déi trong khoang 1: 2-4). Augmentin l1a thude khidng sinh ¢6 phé khéing
khudn rong: tic dung trén nhiéu lodi vi khuin, bao gém cd vi khuan Gram
duong va Gram am, ca hi€u khi va vém khi: duge cdp cho bénh nhdn pho
bién qua dudng udng (hoac tiém) dé diéu ui cdc hoi ching nhiém khuan
thuong dudng hé hap trén, dudng ho hip dudi, dudng tiéu hda...
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CONG NGHE LEN MEN KHANG SINH
AMINOGLYCOZIT

5.1. DAl CUONG

Aminoglycozit la mét ho gém rdt nhiéu chat khang sinh khac nhau (riéng
s6 lugng khang sinh aminoglycozit tu nhién da vugt qua 150 chat) véi dac
diém chung trong ciu tric phan (r gém hai thanh phan chinh 14 ciac nhém
amin lién két v6i gbc glycozit. Phan 16n cdc chat khing sinh aminoglycozit
déu dé tan trong nudc, ¢6 phd khing khudn rong, bén nhiét va bén pH. Ngoai
ra, voi nhiéu khang sinh thuéc nhém nay, cdc chang vi sinh vat sinh téng hop
khang sinh thuong tich ty déng thdi mot ho gém nhiéu chat ¢é cau tric ral
gan gii nhau. Trén phuong dién tng dung. mic di nhiéu khang sinh
aminoglycozit con ¢6 nhimg han ché nhét dinh (kha nang hap thu qua duong
tieu hoa kém, anh hutng xdu dén chic nang tai va than...), nhung nhd uvu the
vé hoat tinh khdng khuin va bén viing trong moi trudng nén nhin chung, cic
chat khang sinh ho aminoglycozit duoc chi dinh diéu tri rong rai déi véi
nhiéu bénh nhiém tring khic nhau. Mot vai khdng sinh pho dung dién hinh
la: streptomycin (Waksman téch tlr dich 1én men clia xa khuan Streptomyces
griseus; New Jersey Agricultural Experiment Station of Ruigers Univ., USA,
1944) trong diéu tri mdm bénh lao Mycobacterium tuberculosis, kanamycin
trong diéu tri nhiéu 1odi vi khudn gay bénh Gram am, gentamycin trong diéu
tri cac bénh do Pseudomonus... Ngoai ra, mot s6 khang sinh nhém nay con
duge ding dung trong nong nghiép.

Duya theo dic diém cdu triic phan tir, ho khdng sinh aminoglycozit ¢6 thé
phén chia thanh ba nhém chinh la:
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Nhém khang sinh aminoglycezit chita sireptamin va dan xvat véi

aminocyclitol;

Nhom khédng sinh aminoglycozit chita cyclitol va monoamino-cyclitol: va

Nhoém khang sinh aminoglycozit khéng chita cyclitol.

Cau tric phan tir caa mot 6 chat khdng sinh aminoglycozit dugc mo ta
trong hinh 5.1, 5.2, 5.3,5.4,5.5,5.6.va 5.7.

HOwHO
0] Ry
O Hg OH
cih Ry f NH; CH,OH
Ry ! NH OH
N Al -
HO O R4 R3 ——HO’ O
! HO
NH
OH
O"CH,0H O~
R3
Tén khang sinh Ro R, Ra Rs Rs
1 Streptomycin -NHC(=NH)NH, -CHO -H -H -CH;
2 Dihydrostreptomycin -NHC{(=NH)NH  -CH,OH -H -H -CH,4
3  Mannosidestreptomycin -NHC{=NH)NH, -CHO -H (-R3%} -CHaq
4 N-Demethylstreptomycin -NHC{=NH}NH, -CHO -H -H -H
2 Hydroxystreptomycin -NHC(=NH)NH; -CHO -OH -H -CH;
6 Mannoxydohydroxystreptomycin  -NHC(=NH)NH, -CHO -OH (-R3%) -CH4
7 Bluensomycin -OCONH; -CH,CH -H -H -CH,

Hinh 5.1. Cdu trdc mot vai khang sinh nhom streptomycin
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.Rd

Tén khang sinh R; Rz R3 Rs
1 Neomycin B -NH; -OH -H -CHoNH,  -H
2 Streptothricin B1 -NH,  -OH  -CHNH, -H -H
3 Paromycin | -OH -OH -H -CHzNH;  H
4 Paromycin I -OH -OH -CH NH, -H -H
5 Lividomycin A -OH -H -H -CH;NH,
6 Lividomycin B -OH -H -H “CHzNHy 4
7 Mannosylparomomycin -OH -OH -H -CH;NH,

§2

Hinh 5.2. Cau tric mét vai khdng sinh nhom neomyecin



R
N
O OH
0H2N
Tén khang sinh R R» R; R4 Rs Re
1 Gentamycin A -NH, -H -OH -NHCH3 -OH -H
2 GentamycinAt -NH, -H  -OH  -NHCHy;  -H -OH
3 GentamycinA2 -NH, -H  -OH  -OH OH H
4  Gentamycin A3 -OH -H -NH;  -NHCHj; -H -OH
5 Gentamycin A4 -NHp -H -OH -NCH,CHO -OH -H
6 GentamycinB  -OH -H -NHs  -NHCH; -CH; -OH
7 GentamycinB1 -OH  -CHz -NH;  -NHCHj -CH;  -OH
8 Gentamycinx2 -NHz -H -OH  -NHCH; -CH; -OH
9 G-418 -NH, -CH3 -OH -NHCH; -CH;  -OH
10 JI-20A -NH; -H  -NH;  -NHCH; -CH;  -OH

Hinh 5.3. Céu truc m¢t vai khdng sinh nhom gentamycin



°© I?ICH-_;‘ OCH,
COCH,NH-R,
Tén khang sinh R R R3 Ra Rs Rg

1 Fortimycin A -NH5 -H -OH -H -CHy -H

2 Fortimycin C -NH5 -H -0OH -CONH;  -CH; -H

3 Fortimycin D -NH> -H -OH -H -H -H

4 Sporaricin -H -NHz;  -H -H -CHy -H

5 Istamycin A -NH» -H -H -H -H -CHg
6 Istamycin B -H -NHz  -H H -H -CHj
7 istamycin C NH, -H -H H -H -CHyCH4
8 |Istamicin A2 -NH» -H -H -CONH> -H -CHj3
9 N-Formimidoylistamycin A -NH, -H -H -CH=NH -H -CH3z
10 N-Formimidoylistamycin B -H -NH3 -H -CH=NH .H -CH4
11 Dactimicin -NH2 -H -OH -CH=NH -CH; -H

Hinh 5.4. Cdu tric m¢t vai khang sinh nhdm fortimycin
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HO Rs

0
R, Ry
NH, NH, o OH
O H,N $ R,
NH,

Tén khang sinh R, R, Rs R4 Rs

1 Kanamycin -OH -OH -NH; .NH, -OH

2  Kanamycin B -NH, -OH -NHz _.NH, -OH

3 kanamycin C -NH, -OH -OH NH, -OH

4 NK-1001 OH -OH -NH; _oH -OH

5 NK-1012-1 -NH, -OH -NH, _~4 _on

6 Tombramycin  -NH, -H -NH; ‘NH, -OH

7 Nebramycin4 -NH, -OH -NH; NH, -OCONH,
8 Nebramycin &' -NH, -H -NH, NH, -OCONH,

Hinh 5.5. Céu trdc mot vai khang sinh nhom kanamycin
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OH
o
HNGHN

%
510 0O-C—NH;,
NH
HsC NH
Tg HZNO O=(:3 O CCHCH(CHo)aNH—H
NH_. H NHz O n
COOH 0

o Myomycin n=2
HO LL-BM782a, n=3
‘HO  oH LL-BM782a; n=4
Kasugamycin LL-BM782¢a,, n=3§

Hinh 5.6. Cau truc kasugamycin va mgt vai khang sinh nhém myomycin

OH
Ho%
Ry

R, OH
X R, R,
3-Amino-3-deoxy-D-glucoza O -OH -NH,
Nojrimycin N -OH -OH
N-carbamoyl-D-glucosamin O -NHCONH,  -OH
Streptozotocin 0O -NHCOl\iCH_; -OH
NO
OH

R* H — OH
Sorbistin A, -CHCH,CO HO OH &4
Sorbistin A, -CH,CH,CH,CO — NH;
Sorbistin B -CH;CO —OH
Sorbistin D -H — OH

Hinh 5.7. Céu trdc phén tir cua mot s6 monosaccarit khdc
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5.2. CO CHE SINH TONG HOP

Do hét stic da dang va khac nhau vé cdu tric, trong qué trinh sinh tong
hop mdi nhém chat khdng sinh aminoglycozit s€ tral qua cdc mit xich trung
gian va cin cdc tdc nhan cam ung hay Kiém tda khac nhau. Diém chung cén
ghi nhan 13 hiau hét cdc khdng sinh aminoglycozit déu thuéc nhém sdn pham
trao d6i chat thit cdp va cho dén nhitng nam cuéi thé ky XX, ngudi ta mdi chi
phdt hién thdy xa khudn va mét s& loai ¢6 vi khudn cé kha nang téng hogp va
tich 1 cdc khang sinh nhém nay. Bing cdch st dung co chat ddnh dau, sir
dung bién chiing cam (mg (hay kiém toa gen) idiotroph hoidc ti€n hanh
nghién citu phdn tng xic tdc chuvén héa cac co chét trung gian bang dich
nghién t& blo... ngudi ta di kham phd duge dudng hudng sinh téng hop hoac
vai trd san phiam trung gian trong qua trinh chuyén héa cia mot s6 khing
sinh aminoglycozit: neomycin, streptomycin, kanamycin, gentamycin... O
Streptomyces griseny, dihydrostreptomycin-6-phosphat va streptomycin dugc
hinh thanh (giai doan cudi) nhd phan tng két hop gita ba cau ur: streptidin
da dugc phosphoryl héa, dTDP-L-dihydrostreptoza va N-metyl-L-glucozamin
theo so do6 hinh 5.8.

Ca ba cdu tir trung gian nay déu dugc téng hop tir glucoza: dTDP-L-
dihydrostreptoza (b) theo sg d6 hinh 5.10 va streptidin (a) theo so do hinh
5.9. Riéng d6i vdi qua trinh sinh téng hop N-metyl-L-glucozamin (c) tir

dudng D-glucoza, van con mot vai gia thuyét khac nhau.

Tl nguén co chét glucoza, bang cdch su dung céc bién chung va dp dung
ché& do cong nghé tuong ung khic nhau, nguoi ta da lén men dugc hang loat
cdc aminoglycozit. Co ché tém tit dudng hudng sinh t6ng hop mot vai san

pham aminoglycozit duoc gigi thiéu 16m tat trong hinh 5.11.
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HN-C-NH,
OH o
NH, K 2 ;l
C:NH ., OH H;C OdTDP
NH C:NH @ OH OH_OH
- ®
)
OH i
O-P\ HO QOH
Me. CH ,OH
NH NH, H;CHN
C:NH

gHNZH ot NH
" NHZ bl 2
NH  c:NH S‘NH NH,

A Streptidin

B dTDP-L-dihydrostreptose
C N-methyl-L-glucosamin

D Streptomycin

Hinh 5.8. Co ché'sinh téng hop streptomycin tir streptidin,

dTDP-L-dihydrostreptoza va N-metyl-L-glucozamin



CHZOH CHZOH CH,
o o
OH OH ) — |<CH20\P/\|
foator OdTDPH;C OdTDP
OH OH OH

Hinh 5.9. Co'ché sinh téng hop dTDP-L-dihydrostreptoza

Cl-bOH CHZO ~P

C"b0" OH
OH
H on OH
NH, o |
OH OH OH OH
A OH
I -— “— fouP©
OH OH
OH OH OH  h oH [

H”C NHZ HNC Nl'b HNC NHE

HN—C NHZ
’cm "DH OOH
OH HO "'0

O OH

Hinh 5.10. Co ché'sinh téng hop N-metyi-L-glucozamin
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Glucoza

Deoxystreplamin

Kanamycin C (————=2 Paromamin ) DAH-Ribostamycinc—% Paromomycin

T,

Kanamycin B C::Neainin Gentamycin A

ﬂ Kanamin/ J \

Kanamycin A Xylostasin =—— Riboslamycin ——= Neomycin

Butirosin A ——= Butirosin B

Hinh 5.11. Co ché sinh téng hop mét vai aminoglycozit tir glucoza

Trong qud trinh 16ng hop khéng sinh aminoglycozit, do tinh dac hiéu co
chit cfia cac enzvm tham gia vao qud trinh khong cao, nén & mot vai bi¢n
ching idiotroph ¢ thé 16ng hop ra cic khdng sioh méi khi lua chon dugce cdce
“tién chat tuong dong” phd hop. thi du. Sweptomyces fradiae ¢6 kha nang
sinh tdng hop neomycin, nhung mot vai bién ching S. fradiue lai chi sinh
téng hop neomycin khi trong moi trudng lén men c¢d chda tién chat
deoxystreptamin (DOS). Vian véi diéu kién [én men trong ty, nhung néu bo
sung vao moi trudng streptidin (tuong tu véi DOS) thi ching lai tong hop ra
hybrimycin (hién tugng nity ciing xudt hi¢n & nhiéu bi¢n ching iodotroph
sinh tdng hop kanamycin, paromomycin, ribostamycin, sisomycin,
butirosin...). Qud trinh sinh téng hop cdc san phdm mét & bién chilng
iodotroph véi cde tién chit tuong dong thich hop duge goi chung la qua trinh
sinh (éng hop cam ing thé dot bién (nurational biosynthesis). Ngay nay, viec
trién khai ap dung k§ thuat nay khong chi dimg lai & ho khdng sinh
aminoglycozit ma ngay cang dugce trién khai rong rai véi cac ho khang sinh
khdc d€ tao thém cdc san phdm mdéi vdi hiéu qua kinh t€ cao hon. Viéc dp
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dung cong nghé tdi 16 hgp gen véi muc tiéu san xuit cac khdng sinh
aminoglycozit cho dén nhimng nam cuéi thé ky XX di duoge trien khai, song
ket qua dat duge con rat khiém tén. Nguoi ta dd tdch dong duge mot s6 gen
khing sinh nhém nay nhu: neomycin-phosphotransferaza, neomvcin-
acetyltransferaza, ribostamycin-phosphotransferaza va kanamyvcin-6’-acetyl-
transferaza.

5.3. DIEM CONG NGHE LEN MEN

Cting nbu cdc chat khdng sinh khac, quy trinh cong nghé 1én men san
xudt khdng sinh aminoglycozit déu dugc nha sin xudt bao mat chit ché va
dang ky bao ho c¢ong nghiép. Diém chung vé ¢cong nghé l1én men cdc khang

sinth nhém nay theo nguon dit liéu cong khai duoce trinh bay sau day.

Trong san xuat, hu nhu tat ca cdc hiang déu sir dung cdc bién chung cong
nghiép si¢u tong hop. Nhiéu bién ching cong nghiép cé nang luc siéu 16ng
hop cao thuong ¢ xuat xa tur gidng Strepromyces, Micromonospora,
Streptoverticiltinm, Dactvlosporanginum, Norcadia, Saccharopolyvspora va
Bacillus, trong d6 phé bién hon ci li cdc ching thude gidng Streptomyces v
Micromonospora. K¥ thuat sir dung ching sinh tong hop cam dng thé dot
bién mutansynthesis duoc dp dung rong rii trong sin xudt nhiéu khdng sinh
aminoglycozit khiac nhau.

Nguon nguyén liéu cachon thuong duoc sit dung 1a: dich thiy phén tinh
bot, dextrin. glucoza, glycerin hay cdc ngudn thic an cacbon hifu ¢o khdc (&
ca hai dang nguyén licu tu nhién v san pham k§j thuat). Thong thuong,
glucoza 14 nguén thitc an cacbon t61 cho su phat trién cuiia rat nhiéu vi sinh
vit. nhung nhiéu ologosaccarit va polysaccarit lai thich hop hon che sinh
tong hop chatl khang sinh va trong moét vai truong hop néng do glucoza cao
lai e ché qud trinh t6ng hop chdt khdng sinh (thi du. glucoza Gc ché sinh
tong hop kanamycin do kim ham sinh téng hgp enzym cudi trong so do N-
acctylkanamycin-amidohydraza). Ngudn thic an nito phé bién 1a nito hitu co
nhu: bot dau twong, dich chiét mam hat, dich thuy phan cazein, cao ndm
men... Poi khi nguoi ta cﬁng sir dung phoi hop vai mét val ngudn nite vo co
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(dudi dang muéi amon. mudi nitrat). Ngoai hai nhém nguyén liéu chinh trén,
bao gid cling bo sung thém mot s6 musi khodng vi dau phd bot. Nhin chung,
viéc st dung nguon nguyén liéu ty nhién dé pha ché méi trudng rat phd bicn
trong cong ngh¢ I¢én men san xudt nhicu khing sinh aminoglycozit, mot mat
do gia thanh moi trudng re hon, nhung mat khdc, chinh kho khan khi sir dung
nguon co chit nay $& lam cho can bing thanh phan thic an C-N-P dich
chuyén theo hudng thuan lgi hon cho sinh tong hgp chit khang sinh. Trong
nhiéu quy trinh 1én men cong nghi¢p. giai phap khong ché€ chat ché néng do
co chat vh bo sung lién tuc thic an ciing duge 4p dung.

Ve cong nghe¢, k¥ thuat [én men bé sau ducc ‘rién khai réng rii trong san
Xudt hau hét céc san pham aminoglycozit. Su tich w sin pham thudng xay ra
manh mé& & cudi giai doan phat trién logarit, hoac & giai doan phat trién can
bang, hodc & pha sau iodophase. Thong thudng, qud trinh [én men duge gidm
sdl va diéu khién chat ché, bao gém ci thanh phin moi truemg va diéu kicn
tién hanh lén men. dac hi¢t [a ndng do cla cdc cau ur tién chat cdm dng hay
dinh hudng tao san pham.

Mic dii cdc ching vi sinh vat tong hop ra chdt khdng sinh, song do cdc
khang sinh aminoglycozit ¢é hoat tinh khdng khuan manh nén khi nong do
san pham tich tu cang tang thi sy tc ché nguge (16 ai qua trinh sinh téng hop
san pham s& cang 1dn. Vi vay, viéc hoan thién. t6i uu hda cdc thong s6 cong
nghe lén men va viée tuyén chon, cai thién hoat tinh chiing ¢6 ¥ nghia rat 16n
dén hi¢u qua kinh 1€ chung cua toan qua trinh. Ngoii ra, trong qué trinh 1én
men, cde ching thudng tong hop ra ho san phiam gém phiéu chat gan giii
nhau, nhung trong san xuit cong nghié¢p, ngudi ta thutng dp dung cédc diéu
kién cong nghé theo dinh huéng chi thu nhan mot hay mot vai san pham ¢6
gla tri cao nhat, con bo qua ca cdc cau tu khing sinh phuy khdc trong qud trinh
linh ch¢.

Pé lén men sdn xudt streptomycin, ngudi ta thudng st dung cdc bién
chung cong nghi¢ép loai Sweptomyeey griseus ¢6 khd nang khing
actinophage. Giong goc tir mo1 trudng bao quan (dang bio ta dong kho, bao
¢uan trong cit, trong ddt, bao quan trong dau glycerin...) duge cay nudi hoat
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héa thu bao tU trén moi truong thach nghiéng sau 5-7 ngay, thu huvén phu
bao tlr va chuyén sang binh nhan giéng nho trong binh tam gidc trén may lic
¢ 28°C, hay nu6i hiéu khi trong cic fermentor trong khoang 24-48 gi&r. Sau
dé, giong tiép tuc duge nhan tiép tuc vai ti 1é cdp giong 5-10% cho dén khi
du lugng giong san xuatl. Giai doan nhan gidng nhé ¢é thé s dung moi
trudng véi thanh phan: glucoza 2,0 g/l: pepton 0.5 g/l; cao thit 0,5 g/l; NaCl
0.5g/1: pH=6,8-7,2; thanh tring ¢ 0.5at trong 20 phit. Moi truong nhin gioéng
Ién va lén men san xudt ¢6 thé st dung thanh phin: glucoza 4.0 g/1; bot dau
tuong 3,0 g/l: (NH,),S0, 0,6 g/l: Na(l 0,25 g/l: CaCO, 0,6 g/l; KH.PO, 0,01
g/l; pH=6,8-7.0; thanh tring gidn doan ¢ 121°C trong 1 gi¢ (hoac thanh trimg
lién tuc & 140-145°C trong thot gian vai phit). Qua trinh 1én men tién hanh
trong ciac fermentor dung tich 16n 50-100m’, & 28°C trong diéu kién ¢6 suc
khi va khudy tron lién tuc (0,5-1.0 V,,/V
bot, ddng thai gidm sat chat ché cic thong s6 cong nghé va kiém sodt nhiém

sn-PAD va st dung ddu tac dé phd
tap, dac biét nhiém phage. Trong diéu kién trén, pha sinh truéng thuong két
thiic sau khodng 40 gid ddu, pha sinh tong hop thudng kéo dii khoang 160
gidy vd ndéng d6 streptomycin trong dich 1én men ¢6 thé dat trén 8500pg/ml.
Hi¢u qua qua trinh sinh téng hgp streptomycin dugc cai thién qua tic dong
hop 1y cla cac yéu t6 cam dng nhu: su du thira ti 1é prolin, su ¢6 mat yéu to
A-factor (3S$-izocapryloyl-4S-hydroxymetyl-y-butyrolacton), néng do hop 1y
cia mot s¢ ciu tr tic dong lén cdu irdc thanh t€ bao (penicillin hay
bacbitur)...

Pé€'lén men sdn xudt spectinomycin, c6 thé s dung cdc bi¢n ching cong
nghiép Streptomyees flavopersicus hay S. spectabilis. Giong tit moi trudng
bao quan dugce nudi hoat héa thu bao 1 trén moi trudng thach nghiéng (hay
thach hop), trong 3-7 ngay. Bio tir duoc thu chuyén bing nude vo triing sang
mai tredmg 1ong trong binh tam gidc, nudi tiép trén mdy lac ¢ 32°C, 30-36
gity; sau d6 nhan gidng tiép tuc trong fermentor cho dén khi du giong san
xudt. Moi trusng nhan giong cé thé st dung gém: glucoza 1,0%; trypton
0,5%; cao ndm men 0,5%; bacto-caseton 0,1% va NaCl 0,5%,; pH=3,7. Mai
trudng lén men bao gém: dich thuy phan tinh bot di 25g glucoza/lit; bot dau
tuong 20g/lit; dau dau tuong Sg/lit; NaCl Sg/lit; CaCO; 1g/lit va dau phd bot
silicon 1g/lit; pH moi trutmg dao dong quanh khoang pH=3.7. Giai doan lén
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men san xudt dugc ti€n hanh ¢ 28'C, pH ban diu dugc diéu chinh vé pH=64,
suc khi va khudy tron lién tuc dé duy tri néng d6 oxy hda tan & 50% néng do
bdo hoa. Trong di¢u kién trén, pha tich lity sinh khéi cé the két thic sau 24
gi® va thoi gian lén men c6 thé kéo dai 5-7 ngay. Dé duy i hiéu qua tich tu
san pham. glucoza dugc khong ché chat ché va bé sung lién tuc trong sudt
pha sau.

Sagamycin duoc sdn xudt nhd bién chung cong nghiép Micromonospora
sagamiensts. Gidng tr moi trudng bao quan duge nudi hoat hda thu bao tr
trén moi trudng thach nghiéng. Sau dé, bao tir duge thu chuyén bang nudc vo
tring sang moi trudng léng trong binh tam gidc, nudi tiép trén mdy lic &
30°C, trong 5 ngay. Ti¢p theo, giong duge nhan tiép tuc trong cdc fermentor
nhén giong (véi chu k¥ 2 ngay, & 30°C, kKhuay tron 150-250 vong/phiit va suc
khi V,,/V ;,-phut, ti 1¢ cdy chuyén giéng 5-10%), qua hai chu k¥ cho dén khi
du giong sdn xudt. Lén men san xuat dugc tién hanh trong thiét bi 1000 lit, &
30"C, trong 4-5 ngay, tdc do cdp khi V,,,/V . ,.phit va khuay tron 150v/ph.

dich

5.4. XU LY DICH LEN MEN VA TINH CHE THU SAN PHAM

Nhin chung. cdc chat khdng sinh aminoglycozit déu dé tan trong nudc,
trong doi bén nhiét. bén pH, dé phat hién thu san pham, dé tich rieng khoi
cdc thanh phan khac trong dich khi tinh ché... nén viéc lua chon gidi phap k¥
thuat dé tach va tinh ché san pham tuong d6i thuan loi hon mot vai nhém
khdng sinh khic. Tuy nhién, phin 16n cdc bién ching san xuit thudng tich tu
dong thai mot ho, gém nhiéu chat khang sinh aminoglycozit ¢ cdu tric rat
gan giii nhau, trong khi ngudi ta thudng chi tich thu mét hay mot vai cau ta
c6 gid tri diéu tri nhat. Vi vay, dé tdch riéng cac cdu tir ndy can phai dp dung
phoi hop tuan tu (hay dan xen) rat nhiéu giai phdp tinh ché khdc nhau. Ngoii
ra, cling ¢é mot s¢ ching ¢6 the tich tu mét vai chat khdng sinh véi dac tinh
khdc biét tuong doi ré rét; voi nhiing trudng hop nay, cdc cdu tir khang sinh

dé dang tdch khoi nhau. nhdy d6 viée tinh ché sé bét khé khan hon.
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Giai phdp tdch sac ky st dung cot nhua trao doi ion duge dp dung rong
rai dé tich va tinh ch€ san pham. Phu thude viio dac tinh cdu tir edn tich. cic
chit mang thuong dugce Iua chon la cacboxylmetylcellulose, CM-sepharose,
SP Sephadex, phosphocellutose, sulfoetyleeliulose... Trong cdac cong doan
tach dau tién thuong ngudi ta sir dung nhua trao doi cation. Sau dé, thy thuoce
viio mdi khdng sinh, ngudi ta ¢6 thé lua chon céac loai nhua khac. Tén san
phém thuong mai cia mot sé nhya trao dai ion duoc liét ké trong bang 5.1.

Bédng 5.1. Mt vai loai nhya trao déi ion
strdung dé tinh ché khdng sinh aminoglycozit

Tén cot nhya Hang san xuat
Amberlite IR-120

Amberlite IRC-30 Rohm & Haas Co.
Amberlite CG-50

Amberlite XAD-2
Amberlite XAD-4
Diaion SK-1B

Diaion WK-10 Mitsubishi Kasei Ind. Co.
Diaion PK-204
Dowex 50W X2 |

Dowex 1x2 The Dow Chemical Co. i
Dowex 44
' Duolite C-3
Duolitc ES-26 Chemical Process Co.
Duolite CC-3

Mot sé chat khdng sinh aminoglycozit 1a san phdm ndi bao hoac tén tai &
dang li¢n k€t v6i mang t€ bao. V& cdac khang sinh dang nay viée xu Iy trude
dich lén men (axit héa, kiém héa, st dung céc chat 1am thay déi tinh thim
thanh 1€ bao...) 1a cong doan cén thiét va ¢d anh hudng 16n dén hiéu qua thu
san pham. Do nhiéu khang sinh aminoglycozit tan t3t trong nudc nén ngudi
ta thudng chuyén ching sang dang dan xudt cua mudi reineckat
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[HICr(NCS),(NH.,),], helianthal, picrat hay p-hydroxyazo-benzenesulfonat dé
két tinh; sau cling, chuyén thu san phim duéi dang muéi hydroclorit hay
muoi sulfat cia cdc chdt khdng sinh dé.

Quy trinh cong ngh¢ tinh ché streptomycin t6m tat bao gdm cdc cong
doan chinh sau: dich lén men duge axit héa bang H,SO, xuéng pH=2,5-3,0,
foc tach sinh khoi, b6 sung natri oxalat dé két tta cation (Ca®, Mg®*) réi
trung hoa bang NaOH vé pH=7.0-7.5: ti€p theo. hip phu streptomycin bing
cot nhya (rao doi cation va nha bang dung dich H,SO, lodng (5%), tdy mau
qua than hoat, loai mudi qua c6t nhuta trao déi ion, réi c6 dic chan khong céc
phin doan c¢6 hoat tinh. cudi cung sdy phun thu bét streptomycin. Sinh khoi
xa khuan S. grisewr dugce sir dung dé thu vitamin, phan con lai ché bign lam
thitc an gia stc. Quy trinhrcéng nghé tinh ché thu fortimycin A duge ém tét
theo so d6 hinh 5.13.

5.5. UNG DUNG

Nhin chung, cdc khdng sinh aminoglycozit c6 phé khang khudn rong, tac
dung t6t trén ci cdc vi khuan Gram am Enierobacterriaceae. Chat khing
sinh aminoglycozit dau tién 13 streptomycin duge mg dung réng rii trén
pham vi toan th¢ gidi dé diéu tri hiéu qua bénh tao do Mycobacterium
tuberculosis. Mac du thdi gian gan day ngudi ta da san xuat duoc nhiéu loai
khang sinh md&i, nhung mét s6 khang sinh aminoglycozit nhu gentamycin,
sagamycin hay dibekacin van duge xem 14 su lua chon hiéu qua dé diéu tri
cdc bénh nhiém khudn do Pseudomonas (P. zaeruginosa duge xem Ja mam
bénh khang dugc hau hét chat khing sinh da biét hién nay). Nhuoc diém
thuong thdy ¢ phdn 16n khéng sinh aminoglycozit 1a kha nang hap thu qua
duong tiéu héa kém va anh hudng xav dén chic nang tai va than.

Clng nhu véi cdc chat khang sinh khdc, hi¢n twong khang thuse doi voi
mot s6 khdng sinh aminoglycozit ciing da xudt hién. Nguyén nhan ciia hién
trong khéng thudc tuy thuoce vao timg truomg hop cu thé, thudng gap la do
cdc ching khang thudc téng hop dugc cdc enzym 1am v6 hoat thudc
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Dich 1én men

- Axit hod xudng pH=2 bing axit sulfuric
- Khudy trin ddu trong 30 phit

= Trung hod bing NaOH vé pH=7

- Loc tdch sinh khdi

[ Dich loc trong]|

- Téch qua cot IRC-50
- Rira nude
- Nhi béing dung dich NH40H 0,5N

Phan doan tach

c6 hoat tinh

- Co chin khong
- Tiéch qua cot DOWEX 1x2
- Nha nudéc

Phan doan tach
c6 hoat tinh

- Co chan khong

- Didu chinh vé pH=8 bilng H.50,
- Hip phu bang than hoat tinh

- Rira nudc

- Nhi bing dung dich H»SO,4 0,2N

Phan doan tach
c6 hoat tinh

‘- Tich qua cot DOWEX 44

Phan doan tach
co hoat tinh

- Trung hoi
- Bong kho

|Hén hop fortimycin thé |

- Tiach qua cOt axit silisilic
(clorofoc:isopropanol: 17%NH4OH = 2:1:1 vjv

[ I 1 ]
Fortimycin B |05U tur Phl.ll IFortimycin Al Iiiu tor phul

- Co chan khong loai dung moi
- Hod tan lai trong nudc
- Bong kho

|Fortimycin A kiém tinh khiét]

Hinh 5.14. So dé céng nghé tach va tinh ché thu fortimycin A
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(phosphoryl hay adenyl nhém -OH, hay acetyl héa nhém -NH, tai nhiing vi
tri dac biét). Ngudi ta da xdc dinh duge mét s0 enzym sau:

e O céc ching khing thusc d6i véi céc chat khdng sinh nhdém
aminoglycozit deoxystreptamin, dd phdt hién dwoc cac enzym sau: 3
phosphattransfereza [APH(3")], 5’- phosphattransfereza [APH(5%)], 4’-
denylyliransferaza ([AAD(4")], 6 -acetyltransferaza va [AAC(6%)], 3-
acetyltransferaza[ AAC(3)] va 2’-acetyltransferaza [AAC(2")].

e O cdc ching khang thubc déi véi cdc khdng sinh nhém streptomycin va
spectinomycin, da phdt hién duge céc enzym sau: 3’ -adenylyltransferaza
[AAD(3"")], 3’’-phosphotransferaza [APH(3'’})], 6-adenylyltransferaza
[AAD(6)] va 6-phosphotrans-feraza [APH(6)].

Gen ma héa tdng hop enzym khdng thudc phan bd trén céc plasmid
khdng thudc. Vi vay, dang khang thudc nay c6 the truyén cho cédc loai vi sinh
. vat gdy bénh khdc. Hién tugng khdng thude do sy bién déi tinh tham thanh t€
bao chéng lai su xam nhap cla thudc ciing da duge xac dinh; tuy nhién, hién
tuong khang thudc lién quan dén riboxom rat hiém gap.
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CONG NGHE LEN MEN TETRACYCLIN

6.1. DAl CUONG

Tetracyclin 1a ho chdt khdng sinh pho réng duge phdt hién rat sém
{clotetracyclin nam 1948, oxytetracyclin nam 1950, demetyltetracyelin nam
1957 ...). Cong thic cdu tao cua modt $6 tetracyclin nhu sau:

R,

Re LRs TS N(CHa}y

-
2,

OH Q OH 0

Tén khdng sinh R, R- R, R;' R+

Clotetracyclin H H OH CH,4 Cl

Oxytetracyclin I Ol OH CH; H
Tetracyclin H H OH CH, H
Demeclocyelin H H OH H Cl
Methacyclin H OH =CH, H
Doxycvelin H OH H CH, H
Minocyclin H H H H  -N(CHjy),

Rolitetracyclin _CHZ-NS H OH CH; H

Hinh 6.1. C4u tric moét s6 tetracyclin dién hinh
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Kha nang sinh tong hop tetracyclin tap trung chi yéu & xa khuan. Ngay
nay, ngudi ta di tuyén chon duge nhiéu ching xa khuan ¢é niang luc sinh
tong hop tetracyclin cao nhur: Strepronivees aureofacieny A377 (NRRL 2209),
S. aureofaciens ATCC 13908-13911, S, rimosus $-3279 (NRRL 2234), S. sp.
MA-590 (NRRL 2963), S. platensis, S. gilvus, S. vendagensis, S.
pseudolysogenicus, Actinomyces varsovensis... Co ch€ qué trinh sinh téng
hop céc tetracyclin rit phifc tap, v6i su chuyén héa qua nhiéu giai doan trung
gian khéc nhau (co ch€ sinh téng hop clotetracyclin gém 72 phan tng). Qué
trinh sinh téng hgp nay c6 thé chia [am ba giai doan la:

a. Sinh tong hop chudi oligoketidamit mach thing, bit ddu tir su ngung tu
gilfa phan tr malonyl~CoA v4i phan tir malonamoyl~CoA, sau dé mach
dugc kéo dai nho ngung tu tiép bay phén tr malonic khic. Malonyl~CoA
duge bién doi tryc ti€p tir glucoza hoac qua decacboxyl héa oxy héa
oxaloacetat.

b. Khép vong chudi oligoketidamit tao thanh bo khung ciu tric co so
pretetramit (hoac 6-metylpretetramit), do xay ra cdc chuyén héa: metyl
héa & C, kht & C,. dehydrat héa & C,-C,, khép vong nh& aldol héa & C, -
Ci C5,-C .y, v G, -C g, v acyl hoa tai C,-C, nhd mot phan tir thioleste.

¢. Chuyén héa ti€p pretetramit (hoac 6-metylpretetramit) dé tao ra cdc
tetracyclin (tham khao so d6 hinh 6.2). Trong ba giai doan trén, ngudi ta
da xdc dinh duge tdt cd cdc san pham trung gian clia giai doan 3 bang
thuc nghiém.

Nang luc sinh tong hop oxytetracyclin & S. rimosus va S. aureofaciens
duge quyét dinh nhd hai nhém gen: cic gen md héa sinh tong hop
oxytetracyclin phan bo trén chudi ADN nhan va gen khdng oxytetracyclin ¢6
ban chat plasmid gidp chung t6n tai duge trong moi trudng cé oxytetracyclin.
Kha nang sinh téng hop tetracyclin cta ching ciing chiu anh hudng ctia hang
loat y€u 16 méi trudng nhu: ngudn thitc an cacbon, nito, muéi phosphat vé
co, cdc ion bhodng, cdc chdt cam g hay tc ché, nhiét do, pH moi trudng,
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nong do oxy hoa tan... Ngoai ra, ngudi ta di xdc dinh duoc nang luc sinh
tong hop tetracyclin con phu thudc ca vao dudng hudng chuvén héa trao déi
chat bac mét cua chung.

Cos-E Cos-E
CONH, CONH,
G o 0O C
prr.h.’lmm!f
CH4 CH,
C OH OH
-
CONH, Y @@@ @ :CONHz
HS~E  OM OH OH OH H,O OHOHOHOH .
t-rctyipretetramit
GHs NAD" NADH
- M
‘C@ con O K on™
OHOC OHOH OHO OHO
4-hpdroxy-6-metylpretetrantit G-deaxytetramit xenh
Cl CHy ©
OH
CONH, 1 d CONH2
CHOHO® OCHOHO O
$-oxvanhydrotetracyelin {-npxeanltydroclotetracyelin
Cl CHy NH, Cl CH; N({CH3);
— OOCLI GO0,
H,O T Wo CONH, o/ o CONH,
2 OHOHOD 20CHs) - GHono ™D
{-aminoaniydrociotetracyclin anfivdroctotetracyeiin

CICH OH N(CH&){ NADPH naDP? C[CHBOH CHB}Z

° , e QT
e o "CONH, O..‘ CONH,

OHO O O OHO OHOQ

deliydroclotetracyctin claterracyelin

Hinh 6.2. Co ché sinh téng hop clotetracyclin
tir pretetramit 0 S. aureofaciens
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D¢ dinh luong céc tetracyclin nguoi 1a thuong phé bién st dung phuong
phdp so mau v phrong phidp sinh hoc. Phuong phiap so mau dua trén co s¢
do phé hap phu cia anhydrotetracyclin ¢ 440nm, 14 san pham tao thanh khi
phan huy cic tetracyelin trong moi truong axit. Phueng phip sinh hoc thuong
st dung k¥ thuat do d6 duc véi chung chi thi 1a Micrococcus pyvogenes ATCC
6338-P. hay sir dung phuong phdp ¢ot thach vai ching chi thi Buacifluy cerens
ATCC 9634,

6.2. DIEM CONG NGHE LEN MEN

6.2.1. Pac di€m chung

Cing nhu hdu hét cic chat khiang sinh khdc, ¢ong nghé lén men
tetracyclin duge bao mat chat ¢ch€ trong timg co 0 san xual cong nghiép.
Trong khi cdc sdng ché doc quyén thudng ¢ thoi gian bae hé qud dai va nhin
chung, ting sing ¢hd don 1é chua du thong tin d¢ ¢6 the trién khai sian xuat
cong nghi¢p duge. Mot 6 diém chung nhit v¢ céng nghé 1én men ho khing
sinh ndy ¢6 thé khai quit nhu sau:

e Trong san xudt 16n ngudi ta thudng ¢é xu hudng st dung cde bién ching
cong nghiép ¢6 nang luc sinh tong hop tetracyclin cao (thudng fa S.
aureofuciens hay S. rimosus). Co rit nhiéu gidi phdp k¥ thuat duoge dp
dung d¢ tao chung siéu téng hop. Tuy nhi¢n, d¢ tao bi¢n ching siéu tong
hop tetracyclin, giai phdp hiéu qua v dugc 4p dung phé bién la xt 1y tia
cuc tim, riéng ré hay két hop vaéi xir 1v bang etylenimin hodc véi xir 1y X-
quang. Viéce xU 1y bing tia phéng xa, mi tat nito [dan xuat -N(CH,CH-
Cl), ctia alcan] hay N-nitrosodimetylurca hi¢u qua kém hon. Do tinh on
dinh vé di truyén ctia cdc bién ching S. wireofuciens khong cao nén viée
tuyén chon va tuyén chon lai ¢6 v nghia rat 18n trong viéc duy tri nang
luc sinh tong hop ctia chung, thi du, tuyén chon lai thudng xuyén dé loai
bo cdc bién chiing tr dudng ra khoi cdc chiing khuyét dudng., wyén chon

cdc chang ¢é sde dé khdng cao hon trong moi trudng ¢é tetracyclin...
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o V& mit cong nghé, trong viéc lén men san xudt tetracycling ngudi ta ¢d
xu huéng lua chon cic cong nghe don gian va di¢u chinh che do cong
ngh¢ theo dinh hudng 1&n men truc 1i€p mot loai tetracyclin, Qud trinh
1&n men duge tién hanh gidn doan theo mé. trong cidc fermentor dung tich
I6n. thuong 100-150m’, khudy uon kiéu tude bin nhiéu tdng, téc do
khudy tron khoang 500vong/phit, c¢ong sudt khuay trdn thi€l ke tuong
ving khodng 3kW/m’.gid v suc khi lién tuc véi luong khi cap khoang 0.4-
0.8V,,/V,-phtit, dam bao duy tri toc do cung cip oxy dat khong dudi
(0,4-0.8)umol/lit/phdt. Nong do cde cdu (r trong moi budng duge gidm
sat chat ch&, mot vai cau I ¢d thé duoc khéng ché va bo sung lién tue
trong qua trinh lén men. Thoi gian 1én men moi mé thuong kéo dai 100-
200 gio. So d6 cong nghé tong qudt qud trinh 1én men san Xxudl cic

tetracvelin duge trinh bay trong hinh 6.3.

6.2.2. Lén men san xuat clotetracyclin

Pé¢ lén men san xuit clotetracyelin ngudi ta thudng su dung cde bicn
chung coéng nghiép S. aureofaciens. voi nguyén lieu cachon chinh la
saccaroza, glycerin vi dich thiy phén tinh bot. nguon thice an nito 1a bot dau
twong, kho lac, bot hat bong va cao ngo (8. aureofaciens ¢6 kha ning phit
trién va tich tu clotetracyclin ngay trén moi trudng dinh dudng don gidn, thi
du nhu moi truong chi ¢d glyeerin va mudi amon). Su ¢6 mat ion Cl trong
moi trudng 1A yéu (& rat can thiét va cam ung cho sinh tong hop
clotetracyclin. Bén canh cdc yéu to néu trén, su phat trién cba chung va hicu
qua tich tu clotetracyclin trong mét trudng con chiu sy tac dong cua rdt nhicu
yéu 16 khdc nhu: bén chat ngudn thic an cacbon, thiic an nito, nguon
phospho, néng do cdc ion kim loai {dac bict Ia cdc 1on kim loal héa tri ha
nhue Ca™*, Mg™*, Ba’)...



GIONG GOC
bao quan
ddng khé

HOAT HOA GIONG
cdy chuyén trén thach
nghiéng, 7-10ngay

NHAN GIONG NHO
nudi thu bao 17, irén
bink roux, ~14ngay

NHAN GIONG NHO
cap gidng dd 10°BT/mt
nuoi hidu khi, 24-36gid

-
-

a2,

NHAN GIONG TRUNG GIAN,
NHAN GIONG SAN XUAT

t 16 cap gidng ~5%V. nhan
gidng higu khi d 28-29°C,
28-24gio/chu ky,... cho dén
khi di cap gidng cho LMSX

n
-~
~

LN

LEN MEN SAN XUAT
irfé gicng ~ 5-10%V.
LM higu khi, 28-29°C,
100-200 gics

Hinh 6.3. S0 dé tom tat céng nghé lén men tetracyclin

Gidng tir canh (ruong bdo quan duge nhan gidng tudn tu theo quy trinh
nhin gidng thong thudng, nuéi hicu khi va chu ky cdy chuyén thudng sau 24
gi0, vdi u le cap gidng dao dong trong khoang 2-10%V dich lén men. Thanh
phin moi trudng nhan giong duge xdc dinh phy thuoc vao ching sir dung va
thanh phan moi trudng 1én men san xuat. Trong thuc tién, khi nhan giong
nguoi ta thudmg s dung moi trudng nghéo dinh dudng hon méi trudng 1én

men, v&i pH ban ddu pH=5,6-6.2.

Qua trinh 1én men thudng duoc tién hanh & 28'C, pH ban dau trong
khoing pH=5,5-6,5 (pH,,=5.8-6.0), t6c do cap khi 0,4-0.8V,,/V,., phit.
dam bao néng d6 oxy hoa tan >20% néng do bio hoa, néng do CO, trong
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khoang 20-80ng/ml. Bong hoc qud trinh 1én men cla ching ¢6 thé chia lam
ba giai doan chinh la: giai doan phat trién manh mé sinh khai (1), giai doan
tich tu manh mé clotetracyclin (2) va giai doan tich tu khdng sinh cham dan
khi h¢ soi tu phan (3). V¢ hinh thdi, trong giai doan phdt trién sinh khéi, hé
soi xa khuan thudng to. chic, ¢6 nhiéu bo tit ddm v ham lugng ARN cao.
Khi chuyén sang giai doan tich t khdng sinh (2 va 3) hé soi tr& nén manh
hon va ham lugng ARN trong soi thap hon. Ngudi ta ciing ghi nhan dugc
trong qud trinh 1én men su chuyén bién trang thdi s¢i sang dang soi manh
con phu thude ddng ké vao néng d6 phosphat trong méi trudng va nang luc
tich tu clotetracyclin cao thudng tuong tng véi t6¢ d6 phdt trién hé sg¢i trong
pha sau thidp (khoang 0,02-0,03%/gid). Viéc dam bao thong khi hop 1y va
lién tuc trong sudt qud trinh lén men ¢d anh huong rdt 1én dén hig¢u qua
chung cua qud trinh, dac biét la thai gian 1én men trong khodng tir 6-12 gi&
dau tién (qud trinh [én men clotetracyclin va oxytetracyclin ¢6 thé bi dinh chi
néu dé xady ra su gidn doan cung cap oxy kéo dai qud 10 phur).

6.2.3. Lén men san xuat oxytetracyclin

Dé lén men san xudt oxytetracyclin ngudi ta thuong si dung cic bién
chung cong nghi¢p S. rimous. Nguon nguyén lidw cacbon thuong dung la:
tinh bét, nhiéu loai duong don va duong doi va glycerin, trong dé thich hop
hon ca 1a tinh bot hay duong maltoza. Mot vai axit hitu co ciing ¢6 thé dugc
si dung lam ngudn thitc dn cacbon bé sung. Bén canh dd, cic ching $.
rimouy ¢on ¢6 kha nang sir dung ca lipit lam nguén cung c¢dp thic dn cacbon
thay thé (trong trudng hop st dung ching lam chét phd bot). Nguén dinh
dudng nito thudng sue dung ta: bot dau twong, gluten bot my, bat €p hat bong,
cao ndm men hay phoi hop sir dung ca nguén nito vo co nhu cic musi NH,",
NO;. Nudc chiét mam 1a nguén thic dn nitg tot cho ching S. rimous. tuy
nhién luong s dung bi han ché do ham luong phosphat cao sé can tr& qud
trinh lén men. Thi du sau day cho thay thanh phin moi truong lén men
oxyletracyclin quy mo bdn san xudt cong nghiép bao gom: tinh bot 12%+
4% (b6 sung tiép trong qud trinh 1én men), enzym amylaza k§ thuat, cao nim
men 1%; (NH,),S0, 1,5%:; axit lactic 0,13%:; CaCO, 1,5%; hon hop cdc mudi
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kKhoiang 0,01% va m& lon 2% thanh triing mot truong trong 40 phat, & 120°C
(hay thanh triing lién tuc, thoi gian | phit & 140°C). VE moi trudng, khic véi |
qud trinh lén men clotetracyclin, trong sinh téng hap oxytetracyclin hdu nhu
khong c6 sy khéc biét ddng ké vé thanh phén gita méi trudng nhan giéng vi
moil trudng Ién men san xuat.

Qua trinh 1én men oxytetracyclin la qu4 trinh 1én men hai pha. Trong pha
dau xa khudn phat trién sinh khoi manh, granula trong mang 1€ bao chat bat
mau doéng nhét, 16c do st dung ngudn cacbon va nito cao. pH mol trudng
giam nhanh. Sau d6, khi chuyén sang pha tich tu san phdm téc do phat trién
h¢é sqi yéu, granula bat mau khong déng nhat va ¢6 su can kiét vé nguén thite
an phosphat trong méi trudng. Nhiét dé 1én men duy tri & 28°C, suc khi va
khudy trén lién tuc trong sudt quéd trinh 1én men dé dam bdo téc do hoa tan
oxy vao moi trudng trong khoang 14-25mg/lit/phat.

6.2.4. Lén men oxytetracyclin va 1én men demetylclotetracyclin

D€ lén men san xuat tetracyclin ngudi ta inudng sir dung cac bién chiing
siéu 16ng hop tetracyclin cao tir S. aureofaciens. Thong thudng, cic ching
S. aureofaciens sinh t6ng hop tetracyclin tich tu déng thdi clotatracyclin (trir
cdc bién chung S. aureofaciens ATCC 13908-13911). Do d6, cong nghé 1én
men tetracyclin ¢é nhiéu digm twong déng véi cong nghé 1én men
clotetracyclin, ngoai trir sur khac biét I16n nhat 1a phai dam bao néng do ion

.Cr trong dich lén men ludn luén ¢ midc rdt thip (hodc dugc loai bo hoan
' toan) dé khong cam Ung tao ra clotetracyclin, Mot s6 tic gia da dé xuat siv
dung chat kim ham canh tranh véi ion ClI nhu: ion Br, I ', cdc thiocyanat,
N-acetylbenzyldithiocarbamat, N-benzoyl-benzyldithiocarbamat, N-metyl-
carbamat, 2-benzoxazoyl hay cdc dan xudt cla thiourea.

Dé len men san xuat tetracyclin, ngudi ta thudng sir dung céc bién chiing
sieu tong hop demetylclotetracyelin S. anreofuciens ATCC12551-12554 hay
st dung ching S. psammoticus ATCC 14215. Thanh phin méi trudng va diéu
kién 1¢n men demetyl-clotetracyclin ¢6 nhiéu diém tuong déng véi cong
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ngh¢ lén men clotetracyclin va tetracyclin. Dé 1én men san pham niy, vé co
ché phai ngan ngira dugc phin ting metyl héa vong tetracyclin & vi tri C,; qui
trinh nay c6 thé thuyc hién duge bing cédch sit dung cde sutfonamit hay cdc
dan xudt cla axit p-aminopenzoic hoac axit folic.

6.2.5. XU ly djch Ién men va tinh ché thu cac tetracyclin

Nhin chung, dé tich va tinh ch€ méi loai tetracyclin cé thé lua chon mot
vai k¥ thuat khdc nhau. Trong tdt ca cdc giai phdp cong nghé 4p dung déu
phai chtt ¥ dén dac tinh clia cdc tetracyclin 1a: ¢6 tinh dién ly luéng tinh, dé
bi polymer héa hoac dé dang sdp xép lai thanh dang cau tric khic. Mot s&
cong doan chinh treng cdc giai phdp cong nghé téch vd tinh ché cédc
tetracyclin thudng duge su dung la:

e Hap phu biang dit hap phu hoic than hoat tinh: tié’p theo tinh ché bing
phuong phép sac ky hoac trich ly chon loc tetracyclin.

e Trichly & pH axit, hoac & pH kiém.

» K¢t tha Ca® bing amon oxalat, bd sung hop chit amon bac bén 1am
chit mang, va trich ly san phim bang dung moi hitu ce, thudng dung
metvlalkyl ceton.

¢ Két tha muéi tetracyclin bang thuc nhuom axit arylsulfonic. Tetracyclin
duoc ket tr dudi dang phite v6i mot kim Joai kiém thé hoac dusi dang
aryl-amin.

s Trich ly bang dung méi-mudi, thudong ding butanol va ¢é bo sung mudi
an NaCl (nham lam ting hé s6 phan bg clia sdn pham sang pha dung
moi).

D¢ thu clotetracyclin (demetyltctracyclin) ¢ thé dp dung so dé sau:

e Ké1 thic qua trinh lén men, dich lén men duge 1am lanh xuéng nhiét do
thdp, b6 sung K,Fe(CN), va axit oxalic dé két tlia ion st va canxi réi diéu
chinh pH v¢é pH=8.9 va trich ly bang dung méi butylacetat, hay butanol.
Ti¢p theo, clotetracyclin duge trich ly nguge ted lai pha nude & pH=1,5-
1,7, str dung dung dich H,SO, dé axit hda. Sau khi loai dung moi, ngudi
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ta thudng bo sung thém dung dich NaCl bdo hoa vao dung dich dé két
tinh clotetracyclin, dudi dang mudi hydroclorit-tetracyclin,

¢ Tut dich lén men. sau khi duoc lam lanh xudng nhiét do thap,
clotetracyelin duge két tua tryc ti€p khi trong dich xit 1y c6 mat mot
quater amon sulfat. Khi trong moéi trudng ¢6 chat mang va & pH kiém nhe,
clotetracyclin s& phan ing véi ion Ca”, Mg® vi chdt mang tao thanh
phuc it tan trong nudc (nhung tan t6t trong dung méi hitu co); sir dung
dung moi hiru co trich ly thu phac, rdi trich ly lai clotetracyclin bing
nude ¢ pH=1,5-1,7 d€ tinh ché thu san pham.

D€ thu tetracyclin (hay oxytetracyclin), cé thé tién hanh nhu sau:

e K&t thic qud trinh 1é€n men, dich 1én men dugc axit héa nhe, bé sung
K Fe(CN), va ZnSO, d€ tao két tha rdi loc tach phan tha. Dich loc tiép
theo duogc tich lipit bang trich ly butvlacetat, két mia Ca™ bing axit
oxalic; sau d6 bé sung vao dich loc EDTA, Na,SO, va axit xitric dé két
tua tetracyelin.

* Dich lén men sau khi loc duge bo sung chdt mang quater amon, dung
dich Ca™, Mg™) dé tao phiic; thu phic bang trich ly dung moi: trich ly lai
tetracyclin sang pha nuéec & pH=1.5-1.7 (trudc dé c¢6 thé trich ly bang
nude & pH=2.5 dé loai clotetracyclin), réi bé sung thude nhudm aryl-azo-
sulfonic dé két tinh tetracyclin.

* Dich [én men sau khi duge xu 1y, loc va lam lanh xuéng nhiét do thap,
duge dua sang hap phu tetracyclin béng cédc vat lieu hap phu thich hgp;
sau d6 rua cOt rol nha va tinh ché tiép.

6.3. UNG DUNG

Tetracyclin 1a mét ho khdng sinh phé rong, ¢é thé tiéu diét dgc nhiéu
loai vi khuan Gram duong, Gram am, rickettsia, spirochetes, mycoplasma va
ca mot vai loai virus Ién (trong dé clotetracyclin téc dung 16t hon trén céc
cdu khudn Gram duong, con tetracyclin lai tic dung t6t hon trén cdc truc
khuan Gram am). Phan 16n cdc tetracyclin déu ¢6 hoat tinh khdng khudn dién
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hinh véi cdc mam bénh Psendomonas, Protens va Salmonelfa. Song chiing
lai khong ¢é hoat tinh khang khuan déi v&i Mycobacteria, Protozoa va cice
loal nam soi.

Co ché tdc dung chinh cta cic tetracyclin la ching phong tda hoat déng
ctia nhi¢u cnzym chinh cla qud trinh trao doi chédl, kim hdm qud trinh sinh
tong hop protein trén riboxom va lam thay déi tinh tham ctia mang (& bao
chat. Nguoi ta dd xdce dinh duoc hiéu ang kim hdm sinh 16ng hop protein cla
tetracyclin la do ching tao phitc amin bac bon véi cic tARN va do chiing
phong toa dau cudi cdc doan peptit. dan (6t 1am dinh chi qua trinh kéo daj
mach nay.

Cung vé1 cac khang smh ho B-lactam. cdc khdng sinh ho tetracyelin duoc
san Xuat va uing dung rat rong rii trong doi séng. Trong thuc tien ngudi ta chh
yéu chi lén men uuc ti€p bon san pham la: clotetracyclin, oxytetracyclin,
tetracyclin va demeclocyclin, Chudn do khang sinh ¢é thé dat 20.000ug/mL sau
khoang 200 giy lén men, vdi phan b6 gid thinh lén men xap xi
L00USD/m (khoang 50% gid thanh san pham). Sau dé, tr bdn khdng sinh nay
ngudi ta da tong hop ra gin 3.000 san pham ban téng hop khéac. Nhin chung cic
khdng sinh tetracyclin ¢ pho khdng khuan rong va bén ving trong moi trudng
axit nén ¢é wu thé trong chi dinh diéu i1 nhicu bénh. Tuy nhién, gan day ngudi
ta da phat hién thay nhiéu tic dung phu cta chiing déi véi bénh nhan, dac hiét 1a
tre em. Chinh vi vay, trong dicu i1 y hoc, ngudi ta chi yéu su dung cic che
phim bdn t6ng hop nhu: metacyelin thay rodomyein: 6-deoxy-6-demetyl-6-
metylene-3-hydroxy-tetracyeling), minocyelin (minocin: - 7-dimetylamino-6-
demetyl-6-deoxytetracycline),  rolitctracyelin (reverin:  pyrrolidinoemetyi-
tetracycline) v phé bién nhat 1& doxyeyclin  (vibramycin:  6-deoxy-5-
hydroxytetracycline); con lai phan 6o lugng tetracyclin san xuat ra duge sur
dung trong chan nuodi - thi y.
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CONG NGHE LEN MEN
CLORAMPHENICOL

7.1. DAl CUONG

Cloramphenicol 13 chat khdng sinh duoc phat hién dong thai do ba nhom
nghién citu doc lap véi nhau: nhém cua Ebrlich (Parke Davis Comp., 1947),
nhém Gottlib (Univ. of Ilinois, 1948) va nhém cia Umezawa (1948). Ho
cloramphenicol duge xem la ho khdng sinh ¢6 cau tric don gian nhat (cau
triic phan tu cia mot vai chat khang sinh dién hinh trong ho nay duce mo (4
trong hinh 7.1) va, ngay wr khi phdt hién. rat nhiéu nhi khoa hoc da tap trung
nghién citu san xuat cic khang sinh nay. Nhir vay, chi trong vong hai nam
ngudi ta da xdc dinh duge cdu triic phan t&r va trién khai thanh cong Ién men
san xudt cong nghiép. Péng thoi, chinh nhy nhimg nd luc trén,
cloramphenicol di trd thanh chat khdng sinh dau tién duge t6ng hop hoan
toan bang phuong phap héa hoc (1949).

||4 CIIHQOH
R—N—CH
| Treng di:
HC—OH _
Cloramphenicol R = CLCHO-
Nitrophenylseringl R=H-
Corynecin | R = CH,CO-
Corynecin |l R = CH3CH,CO-
Corynecin llI R = (CH3),CHCO-
NO»,

Hinh 7.1. Cau tric phdn tu cda mdét vai khang sinh
ho cloramphenicol thutng gap
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Cloramphenicol la mot khdng sinh pho rong va trude day da duge si
dung rong rai d¢ dicu tri hiéu qua nhiéu mém bénh Gram dwong va Gram am
khdc nhau. Song, do cdc hi¢u ttng phu khong mong mudn, viée tng dung
cloramphenicol trong diéu tri ¢é xu hudng han ché dan. Dong thoi. viée su
dung va kiém tra phat hién du lugng cloramphenicol da trd thanh van dé nhay
cam, dugc quy dinh chat ché v gidm sdt nghiém ngat ¢ nhiéu nudc, dac bict
la cac nudc cong nghiép phat trién.

7.2. DIEM CONG NGHE LEN MEN

7.2.1. Co ché sinh téng hop cloramphenicol

Ngay nay. ngudi ta dd phéan lap duge nhiéu vi sinh vat cé kha ning sinh
téng hop khang sinh ho cloramphenicol nhu: Streptomyces, Nocardia,
Artlirobacter, Corynebacterium... Trong d6 cic chung ¢é hoat luc cao
thudng thugc loai: Streptontyces venezielae, Strepiomvees
phacochiromogenes, 8. omivaensis, Streptosporangium  viridogrisenm va
Corynebacterium hydrocarboclastus.

Do trong phan tir cloramphenicol ¢é chita vdng phenylpropanoit nén vé
ca ché, chat khang sinh nay ciing ¢6 thé dugc téng hop qua cdc axit amin
vong phenylalanin hodc tyrosin (tuong tu v6i co ché téng hgp nhi€u alcaloit
thuc vat ¢6 chita vdng phenyl-propanoit). Trong méi trudng nghéo vor mudi
nitrat 1A nguén thitc an nito, sinh (6ng hop cloramphenicol duge cam (ng 16
rét khi bo sung vao mai trudng mot trong hai axit amin nay. Tuy nhién, hi¢u
\tng cam (ng cling xay ra cd khi bé sung mot s6 axit amin khong vong khdc.
Déng thai khi st dung ngudn dinh dudng dénh dau “C. két qua thuc nghiém
khong tim thay bing chiing hai axit amin vong trén 14 san pham trung gian
cho qud trinh sinh téng hop. Tu céc di liéu trén, nguoi ta cho rang & §.
venezuelae, trong so dé sinh téng hop cdc axit amin vong ¢6 dwong 1€ nhdnh
sinh tdng hop cloramphenicol tai vi tri axit shikimic theo s¢ d6 hinh 7.2.

111



HzN—(lj—H HzN—?—H
cooen CH; H—C—OH
ik
C\
o “COOH
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NH; NH. NO,

Hinh 7.2. S0 d6 co ché sinh téng hop cloramphenicol tir axit shikimic

7.2.2.Lén men va tinh ché& cloramphenicol

Cong nghé Ién men san xual cloramphenicol dugc hoan thién chir yéu
cho den thai ky dau thap ky 50 ciia the kv XX. Sau dé. tir khi cong nghe tong
hop héa hoc xudt hién, v&i hiéu qua kinh 1€ cao hon, da dan thay thé hoan
toan cong nghé 1én men. Trong vai nam gan day, viéc ap dung thanh tuu
khoa hoc va cong nghé méi di mé ra wricn vong hoan thién cong ngh¢ lén
men san xudt cloramphenicol véi hicu qua kinh t€ ¢6 kha ning canh tranh
duge voi phuong phap t6ng hop héa hoc.

Dé Ién men cloramphenicol. ngudi ta thutmg s&r dung cdc ching c6 hoat
tinh cao thudc lodi S. venezuelue (khi chi lén men cloramphenicol ¢6 thé su
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dung ching Streptomyces sp. 3022: d¢ 1én men corynecin thudng st dung C.
hvdrocarboclastus). Ngudn dinh dudng cacbon cé thé st dung 12 glucoza,
lactoza, maltoza va glycerin, trong d¢ vu the hon ca la glycerin, galactoza va
xenlobioza. Nguén dinh dudng nito t6t nhat 12 trypton. Amoniac, asparagin,
glutamin cam tng sy phdt trién sinh khéi, nhung khéng cai thién hiéu qua
tich tu khdng sinh; trong khi bd sung phanvlalanin, locin, hay izolocin xa
khuan phdt trién cham. nhung cai thién duge lugng khang sinh tich tu. Trong
viée lén men san xudt, vdi ngudn nito ngudi ta thudng s dung nguyén li¢u
thay thé ré tién hon, thi du, da day lon, nam men thuy phan, dich nuéi nam
nem (dong thoi cung cap thém cdc chat khodng).

Giong xa khuin dugc nuoi hoat héa thu bao wr, réi cdy chuyén sang moéi
trudng 16ng trong binh tam gide va nuoi ¢ 25°C sau khoang 72 gio, ti€p theo cdy
chuyén sang fermentor dung tich 16n hon dén khi du gidng cho san xuat, nhan
gidng & 25°C, ¢ do cip khi 0.8-10 v,/ .phit v chu k¥ nhan gidng 65-70
gi. Méi truong nhan giong ¢d thé sir dung gom: glycerin 10g/l, DL-cerin Sg/l,
natri lactar 11g/1, K,HPO,3H,0 2.39¢g/1. MgSO,.7H,O 1g/l va NaCl 3gA. Qud
trinh sinh 16ng hop cloramphenicol xdy ra gan nhu dong thoi véi su phdt tiién
sinh khoi va phan 16n luong khing sinh duge sinh tong hop va tich w trong pha
can bang. V&i cdc chiing hoat lue cao. ndng do cloramphenicol trong dich thuong
dat khodng 130-150mg/tit sau khoang 3 ngay 1én men. Nong d¢ cloramphenicol
duoc dinh luong bing phuong phip sinh hoe (su dung Sercina Itea lam vi sinh
vit chi thi), phwong phap khir amin hoa, phuong phdp do pho hap phu cuc dai &
278nm, phuong phép sac kv khi vi hiéu qua nhit la phuong phap HPLC.

K¢t thic qud trinh, dich Ién men duge axit héa nhe xuong pH=4.0, loc
tich sinh khai, réi diéu chinh dén pH kiém nhe (pH=8.5-9.0) d€ trich ly sang
etylacetat hay aminacetat. Sau khi phin lv. dich tich Iy duge ¢6 chan khong
loai dung moi réi lai hoa tan lai bang diu 1dra. Dung dich nay lai duoc ria
lién tiép bang dung dich axit acetic loang, dung dich natri bicachbonat lodng
rira nuéc va sau khi phan ly pha s& duge ¢6 chan khong loai dau lia. Sau khi
rita phan khong bay hoi con lai (bang ete diu It d€ loai lipit) ngudi ta thu
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dugc bot cloramphenicol the. Bot khang sinh the nay dugc hoda tan lai trong
dung moi hitu co dé xir 1y tdy maw qua cot than hoat tinh hay cot nhom réi lai
¢6 dac thu bot ban thanh pham. Tiép theo. lugng bot trén dugc hoa tan lai
trong nudc néng, tdy mau lai qua than hoat tinh. loc, c& chan khong réi tam
lanh xu6ng nhiét do thap dé két tinh thu cloramphenicol dang tinh the. bé
dat do tinh sach cao hon. c6 thé hoa tan va két tinh lai trong etylen diclorit
hoac trong dung méi hén hop ete-ete ddu Nra.

7.3. CO CHE TAC DUNG VA UNG DUNG

Cloramphenicol 14 mét khdng sinh phd réng va ¢6 hoat tinh khéng khuan
cao (c6 MIC< 10pg/ml déi v6i hdu hét cde ching kiém tra), do ching lién
ket véi ticu thé 16n 50S cia riboxom dan téi kim him qud trinh tong hop
protein. Khang sinh nay bén trong méi trudng axit nén rét thudn loi cip qua
duong uéng, thude phin bé 61 trong mo cla nhidu co quan v té chifc trong
co thé. Ben canh dé. cloramphenycol con cé wu diém Iy dé dang dugc dao
thai qua gan vd nudc tiéu (v8i thdi gian bin huy khodng 2-3 gid).
Cloramphenicol ¢ thé duoc sir dung hieu qui dé diéu tri nhiéu loal mam
bénh khdc nhau nhu: phin l6n vi khuan Gram am yém khi, Rickettsiae,
Chlamydia va nhiéu loat Mycoplasma; dac biet 1a cdc chung Salmonella,
Huemophilus influenza. Bacteriodes fragilis, Aerobuacter aerogenes, E. coli,
Klebsiella pneumoniae va Brucella sp. Trude day, cloramphenicol dugc tng
dung hét sic rong réi trong diéu tri y hoc vi trong thd y, dudi rat nhiéu sin
pham thuong mai khic nhau nhu: clorocid. cloromycetin, amphicol,
chemicetina, cloramphilin, levomycetin, paracin, unimycin, cloranphetina.
entcromycetin... Tham chi trong mot thoi gian khd dai, & nhiéu noi, nguol ta
con b sung thém cloramphenicol true 1¢p vao thiic dn gia sic nhim phong
ngira dich bénh va cai thién hiéu qua tang trong gia stic gia cam.

Tuy nhien, sau gdn 30 nam st dung. ngudi ta di phat hién thay nhicu
hi¢u dng phu nguy hiém ctia cloramphenicol nhu: kim him su phat trién tly

xwong Khi diéu tri kéo dai v ¢6 thé gay ra ngd doc mau din dén tr vong (thé
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khong phu thudc liéu sir dung. v6i rai ro khoang 1/20.000 trudng hop). bac
biét, khi duge sir dung trong chan nuadi, mndt phan khang sinh chua dao thai sé
16n dur sang san pham thuc pham v mot lwong ddang kéE trong thic an thira 8
thodt ra va ling dong vio méi trudng., theo thdi gian ¢é thé dan 16 cdc bién
doi vé hé sinh théi. Chinh vi nhitng 1y do ndy. trong bsi canh nguy co khdng
thudc ngay cang trd nén tram trong, xu thé chung hién nay 1a giéi han chi
dinh dicu tri bang cloramphenicol dang bi thu hep didn. Hiu hét cdc nudc
cong nghiép phat trién da ban bé luat nghiém cdm sir dung cloramphenicol
trong chin nuoi gia sic gia ¢Am néu cdc san phim cta ching (thit. tring
sifa...) duge sur dung 1am nguén nguyén liéu san xudt thue pham. Dong thoi,
cloramphenicol duge xem la chi tiéu thuding truc trong céac tiéu chuin nha
nude vé quy dinh kiém tra gidm sat du luong khdng sinh trong san pham thuec
pham.



CONG NGHE LEN MEN
GRISEOFULVIN

8.1. DAl CUONG

Griseofulvin (C;H,;0,Cl) 13 chatl ket tinh khong mau va duge phat hién
lan dau tién vao nam 1939, khi Oxford va dong nghiép tach tinh ché tir hé soi
ndm Penicillium griseofulvam. Mot thoi gian ngan sau dé, ngudi ta ciing phat
hi¢n thay chdt ndy 6 ndin mée P. jancrewskis, trong not san va dau SO ndm
Bowrytis allii. Ngay nay. ngudi ta di xde dinh duge nang luc sinh tong hop
griscofulvin ¢4 o rat nhicu lodi ndm soi khic nhau, thi du nhu P. janczewskii,
P.owigricans. P.wrticae, P raisivickii, P. albidum, P. patiwm, P. menili,
Aspergilius versicolor, Nigrospora  nusae, M. orvzae, N. saccharii,

N.splaerica, Khauskia oryv-ae, Carpenteles brefeldianim ..

RO ocH, Ry Ry
Griseofulvin -Cll;  -Cl
‘ ) Dechlorogriseofulvin . <11 -C1
CHL0 T
CH Bromogriscotulvin -H -H
R, 3

Hinh 8.1.Cdng thut cdu tao cua khdng sinh nhém griseofulvin
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La moét sdn pham sinh téng hop tir ndm soi, nhung hoat tinh khang sinh
dién hinh cla griseofulvin 13 tinh khiang nam. Hoat tinh nay bi€u hién rat
dién hinh d6i véi cdc loai nam cd chia kitin trong thanh € bao, thi du nhu
cdc gidng Trichophyton, Epidermopliyton va Microsporum (griseofulvin hau
nhu khong tdc dung lén nguyén sinh dong vat. vi khudn, nim men va cic loai
nam sot khac).

8.2. DIEM CONG NGHE LEN MEN

Trong cong nghé 1&n men san xuat griseofulvin, ngudi ta thudmg sit dung
cic bién chiing ¢é hoat luc cao thudc cdc loai nam Penicillium griseofulvam,
P. nigricans hay P. patulum. DE kich thich tao bién ching cé thé sir dung tia
cuc tim, etylmetansulfonat, nitrometyl-ure... Thuc tién cho thay, nang luc va
hiéu sudl tich tu griseofulvin cling bién doi nhiéu giita ¢dc ching va thanh
phan moi truong 1én men. VE hinh thii, thuong cic chung tao phan bao tu
manh (coniditm) cé xu hudng tich tu nhicu griseofulvin hon, trong khi céc
chung tao hach san, ciing va sdm mau (sclerotiunt) thuong tich tu it sz’in.phéim
hon.

Giong st dung duge nudi thu bio (i trén tim manh roi sdy kho bao quén,
hodc bdo quan bao t trong cat. Canh trudng tim manh sau sdy ¢ thé dugc
bdo quéan lau dai hodc sit dung d¢ cdp gidng thudng xuyén cho sén xuat.
Gidng san xudt ciing c6 thé dugc gilt trén moéi trudng Czapeck-Dox trong dng
thach nghiéng.

Gidng tit canh trrdong bao quan ducc hoat hdéa va nhan truc ti€p vao moj
truong long nuodi trén mdy lic 280v/ph o 25"C trong khoang 48 gid. Thanh
phan moi trudng nhan gidng cé thé st dung goém: protopepton 20g/1; dich
chiét malt 10g/1; glucoza 40g/1; tinh bét tan 20g/l; NaNO, 3g/l; KH,PO, 1g/l;
MgS0,.7H,0 0,5g/1 va FeSO,.7H,0 0.02g/1. Sau dé, gidng duge nhan tiép tuc
trong cdc fermentor cho dén khi da ¢dp cho san xudt, v&i diéu kién nhan
giong & 25'C, chu k¥ cdy chuyén khodng 40 gidy va cé thé st dung moi
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truong gém: nudc chiét mam 3g/l, duong vang 20g/1, dau ngd 10g/1, voi bot
10g/l va Hodag MF 0,3g/1 (U.S. Patent No. 3,038,839).

Lén men cong nghiép griseofulvin ciing ¢6 thé tién hanh theo phuong
phdp nudi long tinh trén moi trudng nhan giéng trung gian mo ta trén trong
thoi gian 65-85 ngay. hay 1én men bé mat trong cédc khay trong 21-24 ngay
v6i thanh phan moi truong gom duong kinh 210g/1, nuéc chiét mam 2,5g/1,
KCl 1.5g/1, Na,SO, 2,0g/l va KH,PO, 8,0g/l. Tuy nhién, dat hiéu qua cao
nhat van 1a phuong phdp 1én men chim. Theo sdng ché cua hang Glaxo (U.S.
Patent No. 3,069,328), trong pha dau, ngudi ta s dung moi trudng lén men
ngheo thitc an cacbon (mo6i trudng gdom: nude chiét madm 1,75g/1, dd voi 4g/l;
KH,PO, 4g/1, KCI 1,5g/1 va dau phd bot 0.535g/1}. Qua trinh 1én men duoc tién
hanh trong thiét bi 4500 lit, ¢ 25°C, khudy tron 220v/ph, ti 1¢ cap giong 10%,
toc do suc khi 5 gio ddu 12 0,25V, /ph, 161 tang 1én 0,50 V
gian tir 5-10 gi& va cudi cliing tang 1én 0,80V, /ph K¢ tir sau 10 gid 1én men.,

. /P trong thoi
Sau khi hé soi ndm phat trién va pH méi wrudng tang dan 1én dén pH trung
tinh, ngusi ta méi bo sung t tr dung dich glucoza 30% (0,5-5,0 lit/gid) va
git on dinh pH trong khoang pH=6.8-7.2 dé sinh tong hop griseofulvin.
Trong diéu kién trén sau 260 gidy lén men, néng do griseofulvin ¢é thé dat
Flg/l

Tuong tu nhu trong cong nghé 1én men penicillin, su phét trién clia chung
va hiéu qua sinh tong hop griseofulvin trong qua trinh lén men ciing dugc
kiém sodt va diéu chinh hiéu qua thong qua viéc gidm sdt va cung cdp ngudn
thic @n cacbon, nhat la trong trudng hop su dung glucoza. Trong thuc tién,
nhié¢u giai phap cong nghé tng dung trong 1én men san xudt penicillin cling
duge khai thdc hicu qua dé san xuat ra khdng sinh nay. Trong vice Kiém tra
dinh lugng griseofulvin trong méi trudng, ¢é thé dp dung phucng phdp sinh
hoc (thudng st dung Microsporum gypseunt 1am chang chi thi), phuong phép
trich 1y sang butylacetat 16i do phé hip phu tr ngoai cua griseofulvin ¢ séng
288-300nm, hay st dung phuong phip HPLC. Trong diéu kién tuong tng véi
¢dc ¢ché do cong nghé 1rén, kKhi thay thé moi trudng 1én men bing moi trudng
Crzapek-Dox (duong kinh 30.0g/l: NaNO, 3.,0g/l; MgS0,.7H,O 0,5¢/1;
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KCI 0.5g/1; FeSO,.7H,0 0.01g/1: K,HPOG, 1.0g/1; nude cat du 1.000ml. pH
diéu chinh vé pH=7.2), s& thu dugc san pham chinh 1a declorogriscofulvin,
hoac véi moi trudng Crapek-Dox, khi thay KCl bang KBr s& thu dugc san
pham la debromogriscofulvin. -

Griseofulvin tan rat kém trong nudc va ciac dung moi khéng phin cuc,
trong khi ching lai tan t6t trong cac dung méi phian cuc manh nhu etanol,
cloroform, aceton, etylacetat... Vi vay, két thic qud trinh 1én men, ngudi ta
tién hanh loc thu va sdy kho sinh khai. Tiép theo, hé soi kho duge xu 1y trich
ly bang ddu nhe, réi trich ly 1iép bang ete. Phan doan trich ly ete duge ¢6
chan khéng loai dung moi va hoa tan lai trong benzen néng. Sau dé, dich
benzen dugce 1Am nguoi dé két tinh loal bd cdc chat chita nite. Phan con lai
trong dich chita griscofulvin duge ¢6 loai dung moi, hoa tan lai trong cén va
két tinh thu san pham.

Theo phuong phdp coa Hang Glaxo (Anh, British Patent No. 784.618).
dich 1én men dugc loc tdch thu sinh khoi, roi trich ly ba lan bing butylacetat,
Luong dung moi thu duge sau trich ly duge ly tam loai can. ¢o chan khong ©
nhiét d¢o thap 58°C r6i lam lanh két tinh thu griseofulvin thé. Tiép theo, rira
tinh thé bing cloroform, hoa tan lai v két tinh trong hdn hop accton-nudc;
cudi cung loc thu tinh thé va lam kho nho ria Jai bang butylacetat.

O Lién X6 i, ngudi ta da dp dung so dé tach nhu sau: k&t thiic qua trinh
1én men, dich 1én men dugc loc thu soi nam, sau dé, xua 1y trich 1y hé sgi ba
lan trong thi¢t bi ddng héa véi metylen clorit. Qua mai 1an, dung moi dugc
gan tach, thu gom lai. co dac chan khong & 50'C xudng cdn khoang 2/3 thé
tich réi ly tam thu dich trong. Tiép theo. dich ly tim dugc tay mau bang than
hoat tinh, loc tach than réi ¢o dac chan khong ¢ nhiét do thdp xudng con
khoang 1/15 thé tich ban ddu. Cudi cing, 1am lanh dich c6 dac xuéng nhict
do duéi 8'C dé két tinh, loc tdch tinh thé, riva va Jam kho bing aceton dé thu

griseofulvin.
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8.3, CO CHE TAC DUNG VA UNG DUNG

Co ché khang sinh dién hinh cla griseofulvin 1a: ching kim ham qué
trinh phdt tri€n va hoat déng cia hé sgi thoi va su vin déng cua riboxom
trong gial doan phan bao metaphase cua nam, k&t qua lam xuét hién cic t€
bao bat binh thudng cé vo s6 nhan. Griseofulvin tdc dung hiéu qua trén cic
loai ndm c¢6 chita kitin trong thanh & bao nhw: Mycosporum,
Epvdermophyton, Trichophyton... Trong thuc tién, chét khdng sinh nay
thudng duge chi dinh d€ diéu tri cdc bénh héc 1o, ndm téc, ndm méng chan
va méng tay.
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CONG NGHE LEN MEN
CYCLOHEXEMIDE

9.1. DAl CUONG

Cyclohexemide duge phat hién lan diu tién trong canh trudng nuoi
Streptomyces griseus vao nam 1946 (dén nam 1947, ngudi ta da tinh ch€ thu
tinh thé va xac dinh duoc cau tric vao nam 1949). Ngay nay, ngudi ta da xdc
dinh dugc nhiéu loai vi sinh vat ¢6 kha nang sinh 16ng hop duoc
cyclohexemide nhu: S. nowrser, S. naraensis, S. pulveraeus, S. albus va S.
ornatus. Cong thitc cdu tao cua cyclohexemide duoc thé hién trong hinh 9.1.
Cyclohexemide 1a chat khdng sinh ¢6 hoat tinh khdng nadm, ching kim hdm
hiéu qua qua trinh sinh téng hop protein. Pac tinh ndy duoce khai théc tich
cue trong viéc chudn bi pha ché nhiéu loai moi truong chon loc. Trong thuc
tién, phan 16n chdt khang sinh nay duge sit dung dé 1am thuoc diét nam phuc
vu nong nghiép.

Hinh 9.1. Cau tric cua cyciohexemide
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Vé mat dong hoc, phan ur cyclohexemide duoe téng hap qua chudi phan
ng ngung tu sau phan tr malonic. Téc d¢ qud uinh sinh téng hop ti 1¢
nghich v6i nong do san pham trong moi truding. Hiéu ting nay van tén tai khi
thay the cyclohexemide bang izocyclohexemide hay anhydrocyclo-
hexemide. Nghi¢n citu anh hudng cia glucoza dén qué trinh sinh tdng hop va
tich tu cyclohexemide trong moéi trudng cho thay: trong diéu kién 1én men
gidn doan, ham luong glucoza bt dau giam nhanh bat dau tir ngay 1én men
tha hai cling twong ting véi thoi ky tich tu manh mé cyclohexemide. Sau dé,
khi ham luong glucoza can kiét thi san pham cyclohcxemide sé bi phan huy
dan. Tuy nhién, trong diéu kién b6 sung duy tri néng do glucoza trong moi
truong s¢ Kkhong thay xuat hién su phan hiy san phdm vd néng do
cyclohexemide tich tu tang dan cho dén cudi qua trinh 1én men.

9.2. DIEM CONG NGHE LEN MEN

D¢ lén men sdn xuat cyclohexemide, ngudi ta thuong sir dung cdc ching
xa khuan hoat lyc cao cla lodi Swreptonivees griseis hay S. nowrsei. Quy
trinh cong nghé ¢6 thé tém tat nhu sau: gidng xa khuan S, grisens duoc giit
bao quan trong thach nghiéng va nhan hoat héa giong trong moi trudng gém:
glucoza 10g, cao thit bo Sg, pepton 5g. NaCl 5g, nudc may da §.000ml;
thanh trung méi trudng ¢ 121°C trong 25 phiit; nhan gidng nho trén may lac
tron 6 27°C, ti 1¢ cap gidng ciy chuvén 1a 2%.

Lén men thu san phdm trén thi€t bi 250 lit véi t6c do cidp khi
1V,/V gi-phiit, 16 do khudy tron 300 vong/phdt. ¢ 25"C, trong thai gian kén
men khoang 5 ngdy. Moi trutmg 1én men gom: glucoza 60g/l, bot dau tuong
da tach chit béo [5g/l. cao nam men 2.5p/1. (NH,),S0, 5 g/l. CaCO, 8g/l,
NaCl 5g/1 va KH,PO, 0,2¢/1.

Trong qua trinh 1én men, bén canh cyclohexemide, S. griseus thudng tong
hop déng thoi streptomycin v mot vai khdng sinh khéc: nghia 13 sdn pham
cua qud trinh 1én men thuong khong phai chi thu mot minh chat khing sinh
nay. Cyclohexemide tan tot trong cdc dung mot phén cye nhur cloroform hay
ele va bén vimg trong moi trudng axit (trong khi streptomycin lai tan kém
trong hai dung méi trén). D€ tach tinh ché san phiam, ¢6 thé &p dung so dé
cong nghé sau (xem hinh 9.2).
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Dich i&n men Strepfomyces griseus

¥

Axit hod, xudng pH = 2, H,80,
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Loc tach sinh khéi, SD diatomit
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Hinh 9.2. So d6 c6ng nghé tach va tinh ché cyciohexemide



Dau tién, dich lén men dugc loc tich sinh khéi (six dung dat trg loc), réi
hap phu cyclohexemide trén ¢ot than hoat tinh (hoac six dung cac vat liéu hiap
phu khdc, thi du nhu hén hop nhua Nuchar C-190NU v&i Celite #545 —
1.800:4.500kg; yéu ciu streptomycin khong hap phu trén cot nay). Tiép theo,
rira tich béng dung dich aceton 80%. ¢o chan khong tach loai hét dung moéi
(xuong khoang 52:1). Phan dich con lai chuyén qua trich ly cyclohexemide
bang cloroform, réi tdy mau qua c6t than hoat tinh, ¢6 chan khong loai dung
moi dé thu cyclohexemide the. Cong doan tinh ché duoce thuc hién qua nhiéu
tan hoa tan, ¢6 dic chan khong réi ket tinh lat, sir dung dung moi amylacetat,
cudi cimg ria lai tinh thé bang nuée néng. Cyclohexemide ciing 6 thé duckc
tach thu theo so d6 hinh 9.3 hay, thoi gian gan day, ngudi ta con 4p dung xen
ke cdc cong doan sic kY. sir dung nhua trao déi ion d€ cai thién chét luong
qud trinh tinh ché, thi du, Dowex 50-X. Dowex 50-X2, Dowex 1-X8 (Dow
Chemical Co.); XAD-2, XAD-4, XAD-7, XE-348 (Rohm and Haas), hay
BACM (Mitshubishi).

9.3. CO CHE TAC DUNG VA UNG DUNG

Vé co ché tdc dung, cyclohexemide [ chat kim ham hiéu qud qua trinh
sinh tong hop protein. do chiing ngan can qud trinh két néi cdc axit amin vio
chuoi peptit trong qud trinh sinh téng hop protein. Bén canh do,
cyclohexemide con ¢6 hoat tinh e ché dac hiéu vi khuan bacteriocide.

Trong thuc tién. mot phan khang sinh niy duoc (ng dung dé¢ diéu tri mot
s6 benh nam nhiét déi trén ngudi, song phan 16n duoc st dung dé diét nam
hai trén cay trong va xu 1y qué khi thu hoach. Cyclohexemide cho tic dung
hieu qua trén céc lodi nim hai nhu Scleroting, Helminthosporium,
Curvuilaria va 10di ndm phan khdc (uu the dang ké cta ching I3 sau thdi gian
sit dung dai ngay vin khong gay ra tic dong tiéu cuc 1am bién déi hé sinh
théi, nhg ching chi ¢6 hoat tinh kim hiam bacteriocide).

Mot ting dung khéc ctia cyclohexemide 1a dé x{r 1y han ché rung cudng
va dap nhin qua, nham cai thién chat lugng khi thu hoach bang mdy hay khi
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phéan loai qua. Ngoai ra, 8 mot s6 noi, ngudi ta con thir nghiém st dung dé
ngan chin su thoi hong hoa qua trong qud trinh van chuyén sau thu hoach.

Dich |én men Streptomyces griseus

Y
H2504----I- XU ly dich 1én men
- axit hoa xuéng pH = 3,5-5.5
- gia nhigtién 70°C, giir 10 phat
- lam ngudi xushg 30°C

¥
Loc tach sinh khdi, SD diatomit |- -- - - - =i B3 loc
Metylen clorit ' - - : )
£16 0,2-1:1 ---# Trichly ly tam ngugc chiéu |- - - #= Phan dung dich nudc
v
Phan fy ly tam loai nudc | - - = Phan nudc con (ai
Y
Tay mau, than hoat tinh
Y
Cé dac loai dung moi |- - ] Metylen clorit

(loai 60-80% V)
t

T4y mau, than hoat tinh
)

Cd dac loai dung moi .
(xuéng C,5kg/lit dung dich) Metylen clorit

Amyl acetat [---------- -..+

Chung chin khdng, 70°C |- - =] Metylen clorit

[kat tinh|

Loc tinh thé, rifa va say thu san phdm

Hinh 9.3. So d6 cdng nghé tach tinh ché cyclohexemide (theo Churchill)
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1 0 CONG NGHE LEN MEN
BLEOMYCIN

10.1. DAl CUONG

Trong chuong trinh tim ki€m cdc chét khdng sinh méi, Umezawa va dong
nghiép di kham phéd duoge phleomycin, mét chit khang sinh kim ham hi¢u
qua t€ bao ung thu biéu mo Ehrlich, nhung lai rit doc trén than dong vat thi
nghi¢ém nén khong ting dung dugc. Tuy nhién, khdm pha nay d3 mo ra hy
vong 1im ki€m dudc chat khang sinh dé diéu tri ung thu. Nho vay, trong
chuong trinh tim ki€m cdc khang sinb twong tu phleomycin, nhung an toan
hon, bleomycin da duge kham pha ra vao nam 1956.

Pé sinh téng hop bleomycin, ngudi ta thudng sir dung ching xa khuan
Strepiomyces verticillus ATCC15003. Ching xa khuan nay thudng t6ng hop
ra mot ho gom nhiéu bleomycin khéc nhau (xem hinh 10.1), trong dé hon
hop trén véi cau tr bleomycin A2 Khéang chira ion kim loai chiém 55-70% va
bleomycin B2 (25-30)% la dang dugc st dung phé bién nhat trong diéu tri y
hoc (trong cac trudng hop nhu ung thu vay nén. ung thu tinh hoan va ung thu
bach cau).

10.2. DIEM CONG NGHE LEN MEN VA TINH CHE
Theo Kyokuto Seiyaku Co. (Nhat Ban). cong nghé 1&én men san xudt
bleomycin ¢ the tém tat nhu sau: ddu tién, ching S. verticillus ATCC15003

(bao quan dai ngay o dang canh truong dong khé hay dang bao ) duoc nuoi
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hoat héa trén tém dai mach da hip chin ¢ 27°C trong khodang hai tuan dé thu
bao tir. Khi bao tir da phat trién phu kin hat tdm, ngudi ta say chan khong
canh trudng dén kho, rdi bao quan ¢ 0°C dé lam giong phuc vu sdn xuat.

OH

Oé\NHZ
R

Aiz _NH_(CH2)3SOCH3 Alla= _NH(CH2)4NH2
Demethyl A |=-NH-(CH3)3-5-CH3 A2-b = =NH(CHz)3 NH,

AI:—NH—(CH2)3-$-0H3>C A2c= -NH'(CHz)zrlN
CH3 NJ
K
AS =—NH(CH3)3"NH-(CH;)4 NH,
A6 = —NH-(CHz}3-NH(CH3)e-NH-(CHy)3 NH,
B2 =—NH-(CHz)¢ NH-C-NH,
NH
B4 =—NH-(CH,)s NH-C~NH~(CHj)s~NH-C-NH
NH NH

Hinh 10.1. Cau truc mdét vai bleomycin cua S. verticillus ATCC15003
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Tiep theo, canh truong gidng tim mdnh trén duge hoa vao nudc cat thu
bao tir dé cap giong cho thiét bi nhan giong san xuat 6m’. Thanh phin moi
trudng nhan gidng san xwat gom: glucoza 1%, tinh bot 1%, pepton 0,75% va
NaCl 0,3%, pH trude thanh tring 7.2 (Kvokuto Seivaku Co. — Hang Mikuni
Kagacu Co. b6 sung thém nuéce chiét thit 0.75%). Qua trinh nhan gidng tiéh
hanh & 27-28°C, syc khi va khudy tron tich cuc, trong khoang 30-36 git réi
cdp giong cho thi€tl bi lén men san xudt 125m’. Thanh phdn moi trudmg lén
men san xudt gém: hat ké 6,4% (ndu nhir, san phim cla Asadaame Shokuhin
Co.), glucoza 0,5%, bot dau tuong 3,5%, nude chi€t mdm 0,75% (san pham
cua Ajinomoto Co.), KH,PO, 0,1%, NaCl 0,3%, ZnSO,7H,0 0,05%,
CuSO,.5H,0 0,01% va NaNO, 0,2%; pH trudc thanh trung: pH = 6,5. Qu4
trinh 1én men tién hanh trong dicu kién hiéu khi (suc khi vi khuay trén tich
cuc), & 27-28°C trong thoi gian 7-8 ngay: pH trong sudt qua trinh lén men
duge khong ché & mic pH < 7,4 (biang dung dich H,SO,).

Két thic qud trinh Ién men, ngudi ta diéu chinh pH moéi trudng xudng
pH = 6.0 161 loc thu dich trong. Tiép theo, bleomycin dugc hap phu qua cot
Amberlite IRC-50 16i nhéa biang dung dich HCI 0,.3M. Dung dich thu duoc s&
dugc trung hoa bang dung dich NaOH, sau d¢6 lai cho chay hap phu qua cot
than hoat tinh, nha bang hé dung moi aceton-HCI 0,2M (ti lé 1:1). trung hoa
bang cdch chay qua cot Dowex 44 va cudi cing ¢ dac chan khong thu
bleomycin tho.

Bot tho rén duge tinh ché i€p bang cach hoa tan trong dung dich
metanol 80% (trong nudc) dé chay tach sic k¢ qua cot bot nhom; gom cdc
phin doan chifa sén pham dé tinh ché ti€p qua cot Sephadex G-25; cudi cling
chay tdch phén ly cdc cdu tlr sén pham bing cot Sephadex C-23, véi trudong
dung méi bién thien NH,CI 0,1 — 0,5M. Dé loai ion Cu®™ khoi san phim
bleomycin-Cu™, ngudi ta hoa tan hén hop 161 cho chay hidp phu qua cét
Amberlite XAD-2, rita ¢4t bang dung dich trung hoa EDTA 4%, rira lai bing
dung dich Na,S0, 5% réi nha tich bleomycin kKhong chita kim loai khéi ¢ot
bing dung dich metanol 50%.
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10.3. CO CHE TAC DUNG VA UNG DUNG

V¢ co che, bleomycin tdc dung truc ti¢p vio cdu tric phan tit ADN, qua
tuong tac gilta goc bithiazol, cdc nhém amin va cdc ion kim loai trong céu
trdc cua ching, qua d6 lam mdt chitc nang sinh hoc cuia vat liéu di truyén

nay.

Trong di€u tri. bleomycin dugc chi dinh didu tri cdc bénh ung thu vay
nén, ung thu bach cau Hodgkin va ung thu tinh hoan, duéi dang chi dinh doc
lap hay phéi hop véi cdc héa tri liéu khdc (phd bién nhat 1a duéi dang liéu
tiém 13mg/liéu).
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1 1 CONG NGHE LEN MEN
DAUNORUBICIN VA ADRIAMYCIN

11.1. PAI CUONG

Ry Rz -

é Daunorubicin —-COCHs4 —CHj

z Adriamycin —CO-CH,OH —CH,
OH Carminomycin =~ —COCH, —H

NH,

Hinh 11.1. Céu triic cua nhom khang sinh daunorubicin

Daunorubicin va adriamycin thudc ho cdc chat khidng sinh c6 hoat tinh
khang ung thu. Daunorubicin duge phdt hién diu tién vae nam 1963, nho hai
nhém nghién ciru cta hai cong ty Farmitalia (Ttalia, st dung Strepromyces
peticetius) vi Rhone—Poulenc (Phdp, sit dung S. coeruleorubidus) trién khai
hoan toan doc lap véi nhau. Mac db khdng sinh niy ¢6 do doc cao, nhung
ching lai ¢6 thé kim him hiéu qua moét s6 dang ung thu trén déng vat nén
thdi ky dau daunorubicin vin dugc ting dung dé diéu tri ung thu. Trén con
duong tim ki€m khdng sinh c¢6 dic tinh vu viét hon daunorubicin, ngudi ta da
khdm phd ra adriamycin (sir dung bién chung cua S. peucetius) véi hoat tinh
cao hon va phd diéu tri ung thu rong hon. Nho vay, adriamycin ddn the chd
cho cdc loai khang sinh khic va tr& thanh khdng sinh dugc tng dung pho
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bi€n hon ca trong diéu tri ung thur vao cudi the ky XX. Déng thoi, ciing trong
khoang thoi gian trén, nhém nghién citu & Lién X6 cil, trén déi tuong xa
khuin Actinomadura carminata, cing thu duge mot dan xuét twong dong
khac 1a carmynomycin. Ngay nay, nguoi ta di biét nhiéu loai xa khuan cé
kha nang sinh 1ong hop nhém khdng sinh ndy. thi du vé san phiam va nguén
g0c chiang ¢ong nghiép duge minh hoa trong bang sau.

Bdng 11.1. Mgt s6 chiing xa khudn strdung dé sdn xuét
khang sinh nhom daunorubicin

Tén khang sinh Danh phap ching s dung . Ngudn géc |f
Streptomyces bifurcua 23219 Rhéne-Poulenc
S. coermleorubiduy 8899 va 31723 | Rhone-Poulenc
S. coernleorubidies ME 130-4 Saraku-Oceana
S. coentdeorubidity Gause
Daunorubicin | g griseoritber Takeda
S. griseur 32041 Rhoéne-Poulenc
S. griseus IMET SA, 3933, 5570, Strauss Jena
10086 va 10431
S. pecentins Farmitalia
S.viridochromogenes Pfizer
Adriamycin S. peucetins var. caesius Farmitalia
Carminomycin | Actinomadiira carmirtana Gause

11.2. DIEM CONG NGHE LEN MEN VA TINH CHE

11.2.1. Lén men san xuit daunorubicin

Theo cong nghé cua Rhéne—Poulenc, giong xa khuan S. grisenr (bao
quan dong kho) duge nudi hoat hda trén thach nghiéng khoang 10 ngay. Sau
khi bao tir hinh thanh, diing nudc cit thu bao tir chuyén sang nhan giéng trén
mdy lac. Nhén giong san xuat ¢ 26-27°C, suc khi va khudy trén lién tuc, véi
toc do cap khi 0,69 V,,/V,,.phiit. trong thi€t bi nhan giéng170 lit (100 L
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moi truong, cap gidng 200ml canh trudng nuéi lac trén). Viéc lén men san
xuét dugc trién khai trong thiét bi 1én men dung tich 800 lit véi 50 lit gidrig.
0 28'C, khudy tron va cdp khi 0,30 V. /V,...phit, vd két thyc qua trinh lén
men sau khoang 67 git. Thanh phan moi trudng 1én men daunorubicin duocc
tém tat trong bang 11.2.

dich

Bang 11.2. Thanh phédn méi trubng 1én men daunorubicin cta Rhone—Poulenc

Thanh phan % Thanh phan %
Moi truomg hoat hba giong Moi truong nhdn giong lon
Pudng kinh 2,0 Mam hat 2.4
Ndm men kho 0,1 Pudng kinh 3,6
KH,PO, 0,2 CaCO0, 0.9
NaNO, 0,2 (NH,),S0, 0,24
Agar — agar 0,2 Nudc mdy vira du
Nudc may vita dd | pH sau thanh tring 7,2
Moi bruong nudt lde Mot ruong lén men sdn xudi
Pepton 0,6 Bot dau tuong 4,0
Nam men kho 0,3 Dich hém ba rugu 0.5
Ca(NO,),.H,0 0,05 | Tinh bot 4,0
Nude mdy vira da | Dau dau tuong 0,5
| pH sau thanh tritng 7.2 NaCl 1,0
| Nuée mdy vira d
pH sau thanh triing 7,2

Theo cong nghé cua Trung tdm nghién citu bénh ung thu Frederick,
giong xa khuan, bdo quan trong nito 1éng: dwge nhan true tiép vao binh tam
gidc, nudt trén mdy lac & 28°C trong 60 gid. Sau d6 nhan giong tiép tuc qua
hat chu ky trong fermentor 100 lit, ¢ 30°C, trong 1-2 ngay réi chuyén tiép
sang fermentor 1000 Iit véi cung diéu kién o 30°C, trong 1-2 ngay. Cudi
cung, 1én men san xuat trong thiét bi 1én men 10.000 lit, & 30°C trong khoang
théi gian 7-10 ngay.
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Thanh phan méi trudng nhan gidng gém: bot ngili c6e 1,5%, bot hat bong
0.5%, bot dau twong di tach dau 0.5%, dich tr phan ndm men 0,5%, NaCl
0.25%. CaCO; 0,5% va dau phd bot Prochem #51 0,8%.

Thanh phan méi trudng lén men san xudt gom: glucoza 5,0%, bét ca trich
1,2%, bot dau tuong 1,25%, dich tv phan nim men 0.75%, NaCl 0,33%,
CaCO, 1,0% va dau phd bot Prochem #51 1,0%.

Daunorubicin va cdc dan xuit khdc, duge hinh thanh trong qud trinh lén
men, déu 1a c4c chat déc manh va duge xem 1a cédc tdc nhan gay dot bién. Vi
vay, qud trinh tach va tinh ch& thu daunorubicin phai dam bao nghiém ngat
diéu kién an toan (thudng tién hanh trong day chuyén kin biét iap véi mai
trudng). Bén canh dé, daunorubicin 12 mot san pham noi bao 1ién két nén qud
trinh tdch va tinh ché cling doi hot cde diéu kién urong tng phitc tap hon.

O Rhone—Poulenc, ngay sau khi k¢t thic khau [én men, nguoi ta xu 1y so
bé dich, d¢é xa khudn tu phan vh thiy phan cdc glycozit lién két véi
daunorubicin, bang cdch b sung du axit oxalic. gia nhiét lén 50°C, gill trong
khodng thai gian 60-90 phiit réi dua sang loc thu dich trong. Tiép theo, dich
loc duge diéu chinh vé pH = 4,5 réi chay hap phu daunorubicin 1én cot nhua
Amberlite IRC-50, rtta ¢t triét dé theo trinh tu dung méi nudc, metanol 50%
trong nuée va bang h¢ dung moi metanol-nude (9:1). Sau dé, daunorubicin

.dugc nha tdch khoi cot bang hé 1% NaCl trong metanol-nudc (9:1). Dung
mai trén duoc c6 dac xudng con khoang 1/5 thé tich, diéu chinh vé pH = §,5
roi trich ly bang cloroform (véi luong bing khoing mot nira so véi dung
moi). Phan doan cloroform trén duge ¢é dic chan khong xudng con khoang
1/100, rdi bé sung vao 10V hexan dé két tinh thu daunorubicin tho.

G Trung tam nghién ctu bénh ung thu Frederick, ddu tién ngudi ta axit
héa toan bo dich 1én men bang H,SO, xuéng pH=1.5 dé xir 1y tu phan t& bao
lam gidi phéng ra glycozit bdn thanh pham. sau dé loc thu dich trong. Dich
loc va dich rura ba duge gom chung lai r6i trich 1y thu bdn thanh pham sang
n-butanol & pH=8,6. Ti€p theo, dung moéi duge diéu chinh vé pH=4,5 1éi c6
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dac xuong con khoang 1/20 V ban ddu; bd sung thém heptan réi trich ly
nguoe sang dung dich H,SO, ¢ pH=2.0. Dung dich trén dugc diéu chinh vé
pH=8.6 réi trich ly ban thanh phdm sang metylen clorit. Phan 1y thu dung
dich metylen clorit, rdi lai trich ly sang dung dich axit loang pH=2,0: tir dung
dich nuéc lai trich ly sang n -butanol; cuéi ciing trich ly béng thi€t bi phan ly
nguoc dong dé thu ban thanh pham glycozit sang nude tinh khiet. Cong doan
ti€p theo 1a thiy phan glycozit thu ducc trén bang HCI trong etanol & 47°C.
pH=1.5 trong 10 phit, 16i lam lanh d¢ két tinh thu daunorubicin tho. Sin
pham tho dugc dem hoa tan va két tinh lai trong hé dung moi CHCl,-MeOH-
EtOH. Cuéi clng, hda tan lai két tla trong nudc tinh khiét r6i sy chan
khong siéu lanh dé thu bot daunorubicin hydroclorit. D¢ dam bdo an toan,
ngoai day chuyén xit ly kin biét lap v6i ngudi van hanh, toan b chat thai déu
phai duge xir 1y héa hoc trude, bang cdch xit héa dén pH=12, guir a 70°C
trong 4 git (hoac & 100°C trong | gio).

11.2.2. L&n men san xuat adriamycin

Dé lén men san xuat adriamycin, ¢ thé sir dung bi€n chung Streptomyces
petcetus var. caesius, thu duogc nhd xir 1y dot bién bang héa chat chung
Streptomyces peucetus sinh téng hop daunorubicin. Quy trinh cong ngh¢ 1én
men ¢é thé tém tat nhir sau: gidng xa khuan, tir canh trudng gidng bao quan,
duge nuéi hoat héa thu bao ti trong dng thach nghiéng & 26-27°C, trong
khoang 10 ngay; sau d6, loai bd hé soi ndm c¢6 mau d6 dam réi nghien déng
héa canh trudng véi nude cit vo tring dé lam gidng cdy chuyén sang moi
trudng binh tam gidc 2 lit va nuoi trén mdy lac & toc do 120 v/phut, 28°C
trong 2 ngdy; sit dung canh trudng nudi ciia niam binh pay 1am gidng cap cho
thiét bi nhan giéng 170 lit (chia 120 lit moi trudng) va nhan gidng ¢ 26-27°C
trong 27 gid, rdi cdy chuyén tiép sang thung 1én men 800 lit (chia 500 lit
moi trudng). Qua trinh 1én men kéo dai khoang 145 gio.

San pham adriamycin tén tai ¢d trong méi trudng ian trong h¢ soi, vi vay
ngudi ta phai xir 1y c& phan sinh khéi va phan dich trong dé thu san phim. So
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do tom tat qud trinh tich va tinh ché adriamycin ¢6 thé tém tét trong hinh

11.2.

Dich 1&én men

Loc

B}é loc 1/\‘ Dich loc

XU 1y ba loc

trong aceton: HoS0, 01N = 4:1

t
Loc thu dich trong,
trung hoa,
Co dac c?ﬁn khdng

Loai chat béo
pH=3.0.50 dung HCI
trich ly cloroform, thu pha nudc

Trich ly
pH=8.6, bang NaQH
CHCly-MeOH, 8:1

t

Loai nude lam kho
sif dung Na,S0, khan

1
Cb dac

{

K&t tinh

Trich ly sang dung méi
pH=8.6, bang NaOH
trich ly CHCI;-MeQH, 8:1

Trich ly sang pha nudc
bd sung NHCI 0,01N

Trich ly sang dung mdi
pH=8,6. bing NaOH
trich ly CHCl3-MeCQH, 9:1

Loai nudc lam khd
anhyd. Na;50,

Co dic
Két tinh
bd sung ete

{

b6 sung ete
- ™~ Adriamycin tho

— Hoa tan trong nudc

Sic ky qua cét cellulose

- rlfa bad hod cdt bing dém
phosphat pH = 5 4

- nha bling n-butanol, hodc hé
propancl-etyl acetat-nudc 7:1:2,
gom céc phan doan chaa san pham

Trung hoa,
Co déc chén khong

Trich ly sang cloroform
pH=8.8, sif dung NaOH

Loai nudc lam khd
sUr dung Na,50, khan

Cé dac

Két tinh

bd sung HCI trong metanol, lam tanh

Hoa tan va két tinh lai
trong cén etylic

Adrtamycin hydroclerit

Hinh 11.2. S0 d6 quy trinh tdch va tinh ché thu adriamycin

Dau tién, dich lén men duge loc tach phan ly riéng dich trong va ba loc.
Phén ba loc duge ngam xir 1y trong hén hop dung méi aceton : H,SO, 0,IN
(trong nudc) theo ti I& 4:1, sau d6 loc téch ba. Phin dich trong dugc trung
hoa vé pH=7,0 va c6 dac chan khéng xudng néng do adriamycin khoang
250mg/l. Ti€p theo, dich ¢6 dac duoc xir Iy loai lipit bang trich ly véi dung
mo1 cloroform & pH=3,0. Phan pha nuwdc duoc kiém héa bing NaOH vé
pH= 8.6 1ot trich ly bang hé dung méi ChCl,-MeOH. Dung méi trich ly duac
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loai nudc lam kho bang natri sulfat khan. loc, co dac, réi cudi cling bo sung
ete vao dé két tha thu adriamycin thé. Phan dich trong thu dugc sau khi loc
dich 1én men cling duge xir 1y qua cdc cong doan tuong (u, réi cudi ciing
citng két tia thu adriamycin thé. Bot thd trén duge hoa tan lai trong nudc dé
chay tiach qua cét cellulose; rira bdo hoa cot bang dém phosphat pH=>5.4; tiép
theo nha béng n-butanol (hay hé dung moi propanol-acetatetyl-nudc, ti ¢
7:1:2). Dich thu gom cdc phan doan sin pham dugc c6 dac chan khong roi
trich ly éarlg cloroform (ti 1&¢ dung méi 4:1). Budc ti€p theo 1a phan ly thu pha
dung moi, lam khoé bing NaSO, khan, co6 dac chan khéng roi bo sung dung
dich HCI trong metanol va lam lanh dé két tinh thu két tia. Cudi cung, hoa
tan vi két tinh lai két tha (rén trong etanol dé thu sdn phdm adriamycin
hydroclorit tinh sach.

11.3. CO CHE TAC DUNG VA UNG DUNG

Daunorubicin va adriamycin la hai khdang sinh ¢6 phé khdng khudn vira
phai trén vi khuan Gram duong, nhung hoat tinh lai rat yéu trén vi khudn
Gram am va ca hai déu doc. Diém hdp ddn nhat cha hai khdng sinh nay la
hoat tinh kim ham sy phdt trién cla khéi u. Vé co ché, ching tic dong truc
ti€p vao cau triic phan tir xoan kép lam bién déi ciu tnic sinh hoc cha phan (i
ADN, dan t6i kim hdm qué trinh tdi ban ADN va qua trinh phién mi sang
ARN.

Trong y hoc, ca hai khdng sinh daunorubicin va adriamycin duge sir dung
dudi dang chi dinh déc lap hay phoi hgp thude dé diéu tri nhiéu bénh ung thu
khac nhau, trong d6 hiéu qua diéu tri 16t nhat 1 trong céc trudng hop ung thu
bach céu cdp tinh, ung thu vi va ung thu phoi. Pham vi chi dinh diéu tri ung
thu bang khang sinh nay con phu thuoc rat nhiéu vao cdc hiéu tng phu khong
mong doi cia chiing nhu: doc tinh cao. kim ham sy phat trién cia tily xwong
va, theo mie do sir dung thuéc, ching s& tich tu dén trong co thé din dén gay
ra ngd doc tim.
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CONG NGHE LEN MEN NISIN

12.1. DAI CUONG VE BACTERIOCIN VA NiSIN

Bacteriocin 14 1én chung cla cdc peptit do vi khudn sinh téng hop ¢ hoat
tinh Kim ham dac hiéu hay tic ché manh mé su sinh trudng va phat trién cia
mot s6 vi khuan khic. Diém déc biét cua cic bacteriocin 1a ching khéng c6
hoat tinh khdng sinh dién hinh, nghia 1a ching chi kim ham chi khong truc
tcp lam chét vi sinh vat. Chinh vi 1¥ do nay nén thdi k¥ ddu ngudi ta chi tap
trung vio phat trién cdc chat khdng sinh, con cdc ché pham bacteriocin bi
xem nhe va khong dugce quan tam ding mic. Theo thdi gian sir dung chat
khang sinh, hi¢n twong khdng thudc xuat hién va ngly cing tré nén tram
trong da gidn ti¢p xdc nhan dac tinh quy gid cua cdc bacteriocin 1 nguy co
gay ra hiéu dng trén cta chidng rat thap. Nhd vay, viéc nghién citu, san xuat
va st dyng céc bacteriocin dd phuc héi va phdt trién. Cic ché pham
bacteriocin dién hinh 14 nisin, diplococin, subtiliu, lactostrepein, bacteriocin
S50. monocin (tr Lacrococcus), pediocin A. pediocin PA-1, pediocin AcH
(tr Pediococcus). lactocidin, acidolin. acidophilin, reuterin, lactacin F,
lactocin 27, helveticin J (it Lactobacilluy). leuconocin S, carnocin Ul49,
micrograd (tr Lenconostoc), propionicin  PLG-1, Jensentin G (tir
Proplonichacterium)...

Nisin, dai dién dién hinh cho cdc bacteriocin, 1a mot polypeptit ¢6 kha
nang kim ham dac hiéu nhiéu loai vi khuin khdc nhau, nhdt 14 cdc vi khuin

Clostridium, chiing dé dang bi phan hity do céc enzym dudng tiéu héa v 2an
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nhu hodn toan khong doc i ngudi. Nhés dac tinh trén nén cdc ché pham
nisin hién duge ing dung rong rdi dé lam chat bao quan thuc pham. Viéc
phat hi¢n, nghién ciu va dng dung nisin gan nhu song hanh cung vdi lich sir
phdt trién ciia cong nghé chat khdng sinh. Nam 1928, Rogers dd phat hién
thay nhiéu cdu khudn lactic ¢6 kha ning tong hop ra cic chat tham duoc qua
mang phim c6 hoat tinh kim ham sy phat trién clia nhiéu loai cau khudn khéc
va kim h@m nang luc 1én men lactic cha vi khuan Lactobacillus bulgaricus.
Mot thdi gian ngan sau d6, Whitchead vi déng nghiép di phan lap duoc tir
stta cdu khuan lactic c6 khé nang téng hop ra chét kim ham va xdc dinh duoc
ban chat polypeptit cOa cdu tr niy (1933). Tiép thco d6 dén nam 1947, trong
céc cong trinh nghién cqu vé chat kim ham do cau khudn lactic tong hop ra,
thuit ngir nisin (N inhibitory substance) da chinh thirc duge Mattick va
Hirsch sir dung dé dat 1én cho nhém chat nay. Ngay nay ngudi ta da xdc dinh
dugc nhiéu dang nisin khdc nhau 1a A, B, C, D, E ... trong d6 dugc nghién ciiu
va khai thdc thuong mai nhiéu nhat 1a nisin A.

Nisin A gém hai ti€u phan v6i khoi lugng mdi don vi khoang 3.500, trong
moi chudi peptit nay (hinh 12.1) thudng ¢6 hai axit amin di thudng chia luu
huynh (lantionin va p-metyllantionin} vad hai axit amin khong no
(dehydroalanin va dehydrobutyrin -~ viét tat 1A DHA va DHB). D¢ bén va do
hoa tan cta nisin bi¢n doi phy thude vao pH moi truong: ching tan t6t hon &
pH axit, tan rat kém & pH trung tinh va khong tan & pH kiém.

ABA it aminohunric

DHA detvdroatantn ALAS-ALA Juntinnon

DB dehydrobuvrin ABA-S-ALA fera-menlluntionin

Hinh 12.1. Céu truc tiéu phén nisin (theo Gross, 1977)



12.2. DIEM CONG NGHE LEN MEN VA TINH CHE

Mac du khi nang sinh téng hop nisin pho bién trong nhiéu ching vi
khuan S. Juctics khac nhau; song, khé khan thudng gap déi v6i sdn xuit cong
nghiép [a cdc chung sinh téng hop nisin rat man cdm vSi phage (hau hét cic
chung cong nghiép ¢é hoat luc cao déu nhay cam v6i phage. trong khi phédn
16n cdc ching khing phage lai ¢4 hoat tinh sinh tong hop nisin thap), rdt dé
bi nhiém ndm men dai va dac biét la véu cau cao vé ngan ngua nhiém
Clostridium (phin I6n ¢hé phdm nisin ducce Ung dung trong bao quan thuc
pham dé kim ham ho vi khuan Clostridiace: do vay, dé nhiém ciing déng
nghia v&i nguy ¢¢ xudt hién chung khing thuée va cic chung nay kéo theo
ché phiam vao thuc pham. lam mat tic dung ctia ché pham).

Chung cong nghiép, bao quan dong kho, dau tién duge nudi hoat hda
trong ong nghiém léng & 30'C, trong 24 gi& rdi cdy chuyén sang moi trudng
binh tam gidc 100ml] ¢é bo sung 500-10001U/ml nisin (nham han ché nhiém
Clostridium) va nhan tiép & 30"'C, trong 24 ¢id. Trong giai doan nhan gidng
nay, ngudi ta thudng tién hanh song song nhiéu miu, thuong xuyén kiém tra
nghiém ngat do thuin khiét va loai bo sém cdc binh nhiém tap. Dich giéng
trén duge nhan ti€p tue sang quy mé 10 it va 100 1it dén khi do giong cap
cho san xuat. Moi trudng nhan giong can dam bdo cung cdp du cdc ngudn
dinh dudng (thudng bao gom glucoza, nudc chiét thit, cao ndm men, cdc chat
khodng...) va duoc diéu chinh vé pH trung tinh.

Ning luc sinh tong hop va dic tinh san pham nisin bién déi phu thuoc rat
nhiéu vio thinh phin moi truong va diéu kién 1én men (thi duy, 1én men &
30"C s& thu duge nisin ¢6 hoat tinh Kim ham tot Streprococeus cremorts va S.
agalactice, trong khi lén men ¢ 20°C sin pham thu duge chi ¢6 kha
nang kKim ham 8. ¢remoris ma khong kim ham duge S, agaluctiae).
Thanh phan méi trudng 1én men thuong bao pom nude chiét mam. dich thuy
phan cazein, glucoza, KH,PO,, MgSO,... Qud trinh 1&én men thudng tién hanh
¢ 28-30"C, khong khudy tron (trir khi diéu chinh pH) va trong thoi gian
khoang 16-18 gid. Trong qua trinh Jén men, do tich tu axit tactic lam pH
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giam dan, nén phai diéu chinh dim bo dén dinh pH vé dai trung tinh pH
=6,0-6.8.

Két thic qud trinh, ngudi ta axit hod dich xuéng pH=2,0 dé xir Iy giai
phong nisin, dieu chinh pH vé pH=4,5 rdi phan ly (ly tam hay loc) thu dich
trong. Dich loc trong duge bo sung 5% cloroform va 0,1% octyl alcohol dé
trich ty nisin sang cloroform. Sau khi phan ly thu pha nhe dang gel phia trén,
nguoi ta bé sung con etilic khan dé hoa tan cloroform va két tda nisin. Két
tua dugc tich thu bang ly tam réi hoa tan lai trong dung dich HCI 0,05N &
50°C, ket hap suc khi va khudy tron nhe dé loai hét cloroform du. Cusi clng,
qua nhicu lan diéu chinh pH va trich ly bing c¢én réi dong kho sé thu duoc
nisin. D& tinh sach nisin, gidi phap don gian la ti€n hanh lap nhiéu l4n quy
trinh hod tan lai trong HCl 0,01N réi két thia bing bé sung NaCl.

Mot giai phdp khdc dé tach thu nisin 1a: dich 1én men sau khi axit hod
dugc hoa b6 sung #-propanol . Sau dé. ngudi ta b sung tir tir dung dich NaCl
dé lam gidm do hoa tan cla ca nisin va n-propanol. Két qua hau hét nisin
phan bé sang pha n-propanol va ngudi ta phan ly thu pha dung méoi trén.
Ti€p theo, hoa tan lai trong dung dich HCI 0,1 N, 1éi b3 sung du NaCl dé
phan 16p thu pha noi giau nisin. Pha chifa bdn thinh phim dugc két tia phan
doan trong butanol, rdi cubi cung ket tinh bing cach bé sung du NaCl.

12.3. CO CHE TAC DUNG VA UNG DUNG

Nisin kim hdm hiéu qua nhi€u vi khuan Gram dwong khéc nhau (dudmg
nhir nhay cam hon cd trén céc loai vi khudn c6 bao ti, thi du: Streptococceus
cremoris, Bacillus subtilis, Mycobacterium tubersulosis...), song lai khong
thé hién htéu tng kim ham dién hinh d6i véi vi khuin Gram am (ngoai trir
cdc ching vi khudn giéng Neisseria), nAim men, ndm mdéc va virut. Co ché
tdc dung dién hinh cda nisin 13 1am gidm kha nang chju nhiét va kim ham sy
nidy mam clia bdo tl, itc ch€ qud trinh sinh téng hop 16p peptidoglucan va
thdc day qua trinh ty phan cla € bao.
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Ut diém 16n cua nisin 13, do hiu nhu khong tic dung lén cdc lodi vi
khuan Gram 4m nén. viéc sit dung ching khong lam anh hudng dén hé vi
sinh vat dudng ruot ¢o lgi clia nguoi, ching dé dang bi phan hiy trong dudng
tiéu hod vi hdu nhu hoin toan an toan ¢ liéu st dung (thi du: liéu bio quan
hiéu qua trong phomat 1a 100-400 Ul/g, trong khi d6 liéu LD, trén m&o vi
chuét non tham chi tdi 7g/kg.ngay). Chinh nhd cdc dic di€ém trén nén nisin
hién dang dugc trién khai thir nghiém ng dung 1am chat bao quéan thuc phim
& nhiéu qudc gia trén thé gidi.

Trong cong nghé ché bién sita, nisin cé thé dugc sit dung theo mdt trong
hai cach la: bd sung ché pham nisin truc tiép vio sita bt hay vao nguyén liéu
sita trude kht 1én men ché bién phomat hodc ngudi ta phoi hop st dung cic
chliing vi khudn sinh téng hop nisin vio trong qud trinh 1én men san xuat
phomat, nhim khdc phuc hién tugng 1én men sinh hoi khé chiu vi kiém sodt
qu4 trinh lén men butyric do vi khudn Clostridinm gay ra (trong coéng nghé
sdn xudt phomat, & mot s nudc ngudi ta st dung nitrit dé khéng ché hai qud
trinh 1én men khong mong muén trén, song mdt s¢ dan xudt cha ching rat
doc va ¢6 hoat tinh gay ung thu nén ngudi ta dang nd lyc tim kiém giai phap
thay thé. Viéc st dung nisin theo huéng nay di thu duge hiéu qua tich cuc.
Tuy nhién, vai trd cong nghé cua nisin trong san xut phomat van chua thuc
su tim dugc vi tri viing chéc).

Trong cong nghé ché€ bién d6 hop, sau qud trinh thanh tring bao tir cua
mot s& loai vi khuan bén nhiét (thi du: Clostridium perfringens, C.
thermocaccharolyticwm hay Bacillus stearothermophilus) trong rat it trudng
hop ¢6 thé vin cé nguy co con s6t lai. Viéc sir dung nisin cho cdc nhém san
phdm nay nhidm hai muc dich 1a 1am giam kha nang chiu nhiét cda vi khuén
(d€ cai thién hiéu qua thanh tring ngay & ché do thanh triing dn hoa hon) va
kim him, ngin nglra qua trinh thdi rita (frong trudng hop néu con bao tir s6t).
Nhém san pham thudng dp dung 1a: ¢i chua nghién, ci rét nghién, cdc san
phdm ndm mii, dau qua déng hop...

Trong cong nghé ché€ bi€n cdc san pham thit (thit hun khéi, dim béng,
xlc xich, thit bim...) ngudi ta dang nd luc tim kiém cac giai phap cong nghé
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dé thay thé cho viée sir dung nitrit v nisin hién dang thu hiit dugc su quan
tam cua cde nha sdn xudt, trong d6 hudng phdi hop nisin — nitrit cho hiéu qua
rat tich cuc va dang duoc thir nghiém ti€p tuc.

Mot nhém san pham khdc cé thé sit dung hiéu qua nisin 14 sita socola.
San phdm nay. do d¢ axit thap nén nguy co nhiém vi khudn cao hon, trong
khi d6 nhiét d¢ thanh triing cao anh hudmg rat tiéu cuc dén chat luong mili v
vi san pham. Viéc k&t hop st dung nisin cho phép ha thap nhiét do va thoi
gian thanh tring, déng thai lai cdi thién duge chat lugng san phdm (& néng
d¢ nisin khoang 80UI/ml di cé kha nang ngin ngira hién tugng 1én men théi
san pham sita socola & nhiét do thudmg trong vong 6 thing).
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