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Escherichia coli Hmgm®3 dom@Egdbememaool mdogd@o

Bobm ds6)39ersdz0eo

00MEMA00L EMIBHMM0, S1306090ME0 3MMTBILMOO0, 53530 HgMgomerol
Lobgadfozm mboggdlo@ @0, JMmsolo, bodsemzgurm

560 Lsbo3odg

3°9mygb9300m0 80936096 53930L S doMBbMEMYool FooLEHMO, JMmsolo,
Logoomnzqwm

99079356 Pogz060dy

00MEMA008 MIBHMM0, S13060900 3MMTBILMOO0, 53930 HgMgomerol
Lobgdfonm Mboga®liodg@o, 3xmsolo, bLogds®mggam

8029976230500 RSGOIM® 359020996985 BFAIP0LICP0 ¢ 9I00. F03600a(53560 YBEGIDO-
bs0930L OIHsCr165055 Jg0985398-9¢m0 8969903960 0b:570696G00b dgoragogdo, Gob gsdeys dgbsderndyg-
0 3sbs Js00 bobstggdener 0330698980L #1336502 939950 35902996985. 39699037960 0bz1069(00L G-
002096000 bogds 0lgor0 803(502829¢m0 LI H9IB0L 3bUBHGI069Bs, HadcmgBlsg Ggraderoso dgozo-
bobsoz0l Jbodz69¢mm3560 Gpgbst9-9a70 s bggcr w0 Fist30mdmB0ob 6030009098960L Loborgbo. Bo-
5976020 300L 3063907 bsdm e 80993 fot30sa9bb Bsgdg60s Escherichia coli, Gmdgemdos

QIS5 TYIPS30emo G593e025600b, HPsbl3(H03300b, HEsblbersgoobs s ggbolb s7ho3mdob
9829¢0500L G9fsbobdgdo. bsdgpb609(2 336m93980b030L y39¢sbg bloms gsdmoygbgds Escherichia
coli K-12 ghsdo, Gogsb dobo 3gbmdo 356350055 dgbfsgemocmo, dsbbg dsbodaiamsz0980b BsBHsmgds dstr-
0305 O3 439¢5 350030b0L Gobyz000 Escherichia coli K-12 0003¢7985 96509-9600 #)bsgt00ber 8sy9g-
(05 V3B8ADSAIHONII0 33¢193980b0030L, 356US37900%9800, 639300080056(59¢7 ©b6F-0256 F9dsadols
@OMb. R5GAGIOLIC? 85 DB RO 5GOL Potrdemaagnbocro bsfersgol Bbotol Jhsdgdol godeyg-
698000 dogbrycro bsGgoopobm 36593565:9960.

Us 3356002 bodyagdo: Esherichia coli, 39bmdo, 896960 0b506960s, 0bbwycrobo, beabsdedmemdobo, ob-
AIORIG60.

90093@IH BOMEMPOdLd S F03OMMEMYRBOBIGOOL 3969303500 sMBYdMETs Jow-
£039005 2965306HMds B1g3me309M0 9Ju3gMH0dgbEMwo 3gdbmEw ™Aool gsb30msMmgds. Aok~
By 296LsBE3OMWO M30L93900l TJmby FozMMMEYBOBIMS FEedgdols d9Jdbols Mgscmo
d9L5dgdEIMBdS, 05353 393W9gbs FMsb0bs MsbsdgEMM3g domEgdbrmemyool, asbliszModg-
00m, ©)3o0gLo 99935M0MEGHWI0 MMASB0BAYIOL F0EgdOL d03MMdOMEMYOH LobmgBMO
053533067900 30856010071 9d0L 2963050GBBY. BOMEIMYOMO® 5JGH0MO BogmOgM9dY-
0oL BLObMYHOLEM30L 0Ygbgdgb Bo9WgRIIBHME 360MmMEI6E FE9FgdL. sbgmo 3OM©396GY-
00l J94dbs 99393905 803MMOM0 MXMHIEOL F93Hs0ME0DBIOL MYAEs300Ls s F9bm-
ol MEsB0Bo300L M930L93IMGBGOOL (3mEBOL 2o0gdg. 9dgMmObosl FEedgdol LsdsEgdoc
1533390 Boggots 056589MM39 FmMeg329ewE 3oMmEMmyosls (4;15;31). x9300mI S dmbma
(1961§.) E. coli-ob qrod@mBdo m3gHmbols Ladwowgdom s@fgtgl g9bol 9dudMgliools Ggas)-
5300l 3994560Bd0. bofiaragols BboMol 359mygbgdoom dgolffagengls Mxdgdo 49b9@ 0300 0b-
R3I5300L M95e0Do300L 30M(39U900. FMP305698000 2506335, BMA dgBHYM05d0 Tglodengdy-
0o b 296900 9dldMHgl0s, sdoG™I, G900b3z93000 56 SGOL, HMI doMEHJIBMEMYO0L 306~
39 bsdmgerem md09d@L FoMmdmoyqbl dog@Egdos Escherichia coli, Mmdgardos @g@owrwg®o-



Q55 I9BHogeoo (193035300, BHEMmBLZMHO3E00L, BHEMBLEs300LS s 2960l ogd@03mdol g-
35300l 39dsboBdgdo (3;6;15;20;22;32).

9036000MMy0MH0 07 b3s bodg60gMm 33¢93900Lm30L Y39esHY bdoMo Qodm-
09gbgds Escherichia coli K-12 §@sdo (bwy. 1), Moyeb dobo 49bmdo 350505 dqlfegerowo,
AslBY 89b0330900L BoBotgds BoMEGH0300 QS Y39eMd 00Ol Jobg30m 0mZYds
9OD-900 MBOROMLM 35dGHIM0Q dMMOIGMMOMWO  33¢3900LMZ0L, FbLYIMOMgd0m,
1930330656 EGH e ©b3-09b FmBomdol MU (6;8;10;11;12;14;21). E. coli K-12 900l q0-
0bH3935d0 5OE gOHMO 959350JO0L Fg8mbzg3s 9O OBOJLOMGOMWS, 306506 5MbOTbME
3oL 56 99deos 50530560l bsFderol dmdbgegdge GMogd@do 3memboboEos. ol dm3wrg-

L. 1. E.coli K-12 MG 1655 ompR234-0ls SEM 2590Uobv)engds

E. coli K 12-0l 296m3dolb ¢obd-ols 009680909360:000L Do dobslinsmgdwgdo slgomos:
396m30b 87,8% 935305 300l F530000MGOGL? MGG s B350 M 29698 b 3oLEHMM-
690U; 0,8% — G0dMB 309060l F553900L (G-M63, M-663 s b3.) LGV MMO RBMJ30900L 3g-
B90L; 0,7% — 561530@0MB0 gobIgmM9dqd0; 296maol 11% — gmbJiowm®mo Lso@gdos, Gma-
9003 MJYMWGHMONE Ml SbEOMEgdl. FEedgdol E. coli K 12-0l (@rodm®msdmomewo
935090), 0157-bs> s CFT073-b («9HM3500Mg66M0 9358900) 2968900 dbgo3igds dbmEM
39%-05 . E. coli K-12 3&sdol, 30699¢0963«960 93o0900geb goblibzs39ds s LErvgeo 4gbmdols
3065 LoFoMHMd, MR F9360gMHgdTs 03350 BOMNMBBHNbMdOL Haligdo s sTo3EMMY)-
W5 05300056 50M0EMD SMILHMO T9ga900L Jowgds (32).

3969960 065069600l 9MH0-9O0 [o@Bo@goreo Fo9000s E. coli-li 6193:m3d06s6¢3))-
0 93599000 0blveobols Fomdmgds. 3gbg@03nMo 0bg0bgMools asb30mscmqdsd dg3bogcgdls
9950 gdEMds Jobzs d306M9 MM B53egd0 IBIbIGROMS s Tg@o Tmagdom E. coli-ls go-
9my9b9d00 gfomdmgdobscm 0blivyerobo. duyeglbo abom Jowgdyemo oblivyeobo ®qdyg Hoo-
0589000 godm0yggbgds s 9E30390w0s FDA-ob dog® (24;27;30).

30039 5530560l ©1930300656E 0 0blvyerobo a®dmgdmwo ogm E. coli-do

o Genentech-oll 0565ddG™3gdol dogh (1978 {igwro) 99990
-y 9003900l 35dmyqbgdom: E. coli-do 908@0bs6rgmdls Jodowda

LobgHoMdMo 300b63-0l gJudMglios, HMAJWOEF (35E-(35¢39

W 530000090l 0bLvEobol A s B x03390L. m6039 xoF30L gdudtg-
Loolb 8999y OLIER0IOO bows3zgd0L Fatdmddbol doBboo

bmE.2. 3m3geobo



bgds 3500 06310060909; dgmeg doymds gwerolibdmdl E. coli-8o 5qs805b0l 36:m0blvyemo-
Bob 30063-0b 9Ju3MgLosl 3MIMEIMEOBMEmO BgMTIBEHId0 C-393E 0ol 9damdo RsdmEo-
gd0m. gl doamds Eli Lilly-8 gs8moygbs 300390 0930800656¢ Mo 0blivyemobols 3w9dv)-
@0bob {omdmgdolomzgol (bw.2) (24).

Eli Lilly-b dogé 899w8s390eo Lispro
b96.3) LHOOxkO Imddggdols 0blivyeobols 3o06M3g-
@O0 3b6semy0s. 0blwyerob Lispro-ly omomddols dvy-
6906030  0blryeobols  Aupsglo  $80bmIsgezmEO
05600000930Md 593L, Foxa™5a, Aoblbgsgzgdom dvy-

6906030 06l)Er0bologsb, 093mdd0bBEWwo 0b-

L. 3. Lispro

bewobols B-xo330L 28 o 29 damdstgmdsdo
3602¢06-oHobols 196308g30MdoL 0b39MLos
03936 30OMBMOMEOO YO0YNHNJIYJdJO0L 993060905l s bgds OTgIMHgdOL FomBm]dbs
(24).

0bbemobo Lispro-Ui 3m3g®Eowmeo §o®dmgdo-
Longol E.coli-do dmobobgls 36:m0blivyeobols LysB28-
ProB29 9530063090 30063-0b 9gudMglios. 0blmaro-
Bo G®0o3lobol s 396MdMJB0393EH0EaBOl Imddgwg-
000 5300365 3M0bLv0bosh. L{Msgo dmddgwg-

Apidra“ SoloStar' 8

Insulin glulisine

d0ob 0blyEobols gy BsEM0, MOl 3GMm©Y)-
] 06905 bgds E. coli-8o, s60l 0%bobo (Apidra)
b64. 3aeobobo (Apidra) ((igjﬁi)]A), Qﬁ?mag@og Bgagabgsgjzv@ ogbo A\Ijentis
Pharmaceuticals-ol 80g6. germeo®Bobo doowgls B3 sb-
3565060l 0DB0boms s WOBObOL FeryEs8obols d5s30L T30l gBoo.

Aventis Pharmaceuticals-ols §o®3mqdw9e0s 0bbmeobo aastaobo (1v©.5), Gmdwols
90L50Mgd5© 3990090 IMPOG03S30s 299Mm0Yghali: A %5330l C-dmem sB35600b0 Bosbs33egl
3@03060L 658000 s B x5330L C-dmemml sv9ds@gli s60b0bol mMo Bsdmo. yematyobo
0foM3gds 36206Lvobols Lsbood (24).

=" [@] Lantus” SoloStar*

E_ 100 Units/ml
®™ (Insulin glargine)

Solution for subcutaneous use

bmE. 5 gematyobo
E. coli-b vx6M9w0903d0 51939 sbgbgb 50930560l BEMIEOL 3mMTMBOL — Lrdo@mGHEMmM30-
Bob 9dudEglost. LemdsGmEHMmM30bo gsdmoymas 303mz30bol (obs bsfowowsb. ol 3Mbomm3zsb
»x09090d0 3000L Lobmgbol 0boEgoMgdsly SHEYBL, VMOl BMBRbol 3796mgdol Jog® sdo-
B3:153900L 530Lgdsl s 9MYAYEP0MGAL dgegdOL M3 BOIL. domEMAow®mO BmbJ309-
0oL 36535 x9MHM36900s0 258mIE0bsMg, BOEOL 3mMHIMbo edmoygbgds Fg8wga0 3500t~
My0g80L b5 3MOBIME: BOEOL 3MEOIMBOL IROEOE, OPOM3SMOIMO BLOWSIWY, OO~



300900l JOmbo Mo 93500930, HYMBIMOLS O 36VYM-30¢ol LOBEMMT0. Qobslibzs39096
500590560L  BMBo@MBHOM3060L MIM©Y60dg 0BMRMEDN. y3gwsby 493M3EIwgdMeos 191
5806m35537160 65d00Ls S 2 olvIEE0EIMO 3oLy 9dysMo Lmds@m@®m3obo, M-
0ol dmerg399e0®o dobs 22 kDa (25) .

Lo MGHOHM30boL domlobmgbo AsbbmGEogws 1979 gl  dggbogdms xamz30l
9096 ©.29090l bgeddm3sbgermdom (3md3s60s Genentech). sdolom30L oo MY SFZ0560
3063-0b 3e0mboMgds Bmabobgli. 3oomgl 4960, HMIgEog LemdsGmEGH®H™3060l (j0bsdmMdI©L
3000M900. 193956513690 B5gBHIMOME MXMIDO 56 FoMs0dIbYOMPS 5JBHOIO IMEDM-
Bogo. 580EHMA, gobargBols 3o doowgl b4)3egmEH0©wIMH0 Msbdod3MMds, HMIgEoE 3mc-
9mbol 530bmBz93M0 196308 I3MMBOL 3:E0MYIL SHIBOS, 3OS 30M3geo 23 5d0bmd-
5930U0. 3939 800gL LObMYHBMMO 3063 MEHO0EO, HMIgEoE F9glsdsdgdmEs 30M39w
23 5306M355350 LobBOOEHM 3020Mbom. MO39 RMRTIBEO g999M0569L s IwY393d0MgL Lac-
360INEGHMOL s HOdMLMIOL 5353538060909 “9d356L. 39dEMOS© Fodmoygbgl pBR322. E. coli-
do  LObMgBOMYPIME 3MTMBL Fo9BBES TV BOMEMPONMMO  5JEH03MDS.  3K0bo3MMO
33w93900L 99999, 1984 9el, s0fym R9000MIsldESd0560 Hodmgds (28).

3M03535050 0565dIOMEGIND gOPo© FMIbEOLs LMTsEMBHOM3060L 39MHO3SBI)-
60 9Ju36gLos E. coli-ls »x6g090d0. 9JudMgloolsmzol asdmoygbgls 39d@meo pNic, Gmdgeos
39039305 PelB-ob (PelB-39339¢05%0l 393300, Mo 30ol 80350:003L 396H03sb-
0580) ©bB3-0l BOMRAIBEL, TEV-360Hr0mEgsbals gs8mEbmdols Loo@l, oo LIC-3anmbomgdol-
030l s 3965d03060L50030 FEAMIMIOL 49bL. Jowgdymo 3mbLEHMWJ30000 dmaboobgl E.
coli-b (DH5a s BL21) v%6900900L G&sbligm®mdszos. 9¢0s80sbol 619300800656 w9e0 o bmds-
AMGHOM3060L 25dmMbogseo ogm 2,85 dy 1er-by (25).

396M0L-3969L05 3mgagdM6 gPms E. coli-b 39H03wsHdsdo dmobwobgl gdudtglios
blboo ¥0MgBHOMOO BOEOL 3MmEOAMbOL, MMIJwmsbss ©s3930009dMwo ogm PelB-SmbP
(SmbP- Nitrosomonas europaea-ls 93069, 39390l 595353069090 (3000, HMIJOE ASFMO-
ggbgds E. coli-do 6H93m300b56¢ Mo 30wgdol gdud®gliools s gofdgbolsmgols) s doowgls
300l F50se0 2odmlisgswro — 15,5 dy 1 an-bg (16) .

E. coli-ols 3096 LobomgboMgd o 0930990 (30gdol ¥9dgEglcmds 32 kDa-bg d3o-
9 90EEmdobss, o6 E. coli-8o dbgeros 100 kDa-bg dg@o dsbols ddmbyg bogmoggdols
LobmgBo. gl 49dMIOBIMGMOL 0496, MM Fowso dmerg3mEmo dslol bogm0gMgdgdo
xR 09-058306dols IGZ0MMZ5L BB, Mo ol Mol 0ol GmeEobyl s glis-
0500L5  293gbsls sbEYbL 300l 9JudGglosby (13) .

E. coli-b 56¢0bbgmargdol 9dudeglool 3es@Rm®as 358mygbgdols doMHomoo 3GMd-
9355 3B 3embMM0o 56EHOLbYgdOL [ordmddbs Lm®o obwrgom®o d3gdom. E. coli-
4o oMWz MGmO 837d0L HoBmddbs Gglodagdgeos 35@SW0BYIOMEO 0ymb 39MH03WsHds-
do 96 693330b56E0 FE58900L (30@M3sHBsT0. 39M03esBINMO 9Ju3MgLos 9BV~
05 93067 IMEMEMdoLs s SGHB-BY sIMI0JOMO TN Bs3gMHMBIOOL SO~
LgdMBOL godm (19), MIdEs d9EbogMgdds TmobgMbgl G38Yb0dg Towoerdmeng3MEOO 00v)-
Brgmdmeobols s 0bEgMHxgMHMbol dowgds (13).



3o 0ol 496353mdsdo BMmmbmzbs IMbM3EMbmE  sbEGHOLbY gL
(mAbs) 5 50 ©IM035¢3g0bg 36033690M3bs A00DIMOS, MroYD FMbMIWMbMMO s6EOL-
b9910900 930650MdOL 9939dEIOMBL FledRbgzo 599X MdILYAL. ML, dBoMBIMTo3933) Y-
@0 30383560900L dog®, dob0dwad 600 MgMs30meo mAb-0s 2590330 Mo (360b03MM 33¢g-
3900m) s 120-%Bg I9E0 33303900 5d3-b LmELsmols S §99ergdol sEdoboliE®maiools
(FDA) 8096. 8cbm3wmbmdo sbEGHobbgmemgdol dbsM godmynbgdsliorsh gMma gsobsts
dmombmgbs obgo LoLEgdgdBY, HMIgdoE 3gbmMo 0bgobyMool FgmmEgdols yedmynbgdom
MBOMb39ygmRl  603m0gMgdgdol  LBHMsx s  93mbmdozMe  9x89dGMe  Fomdmgdols
(1;9;18;19).

(dobLeaBAs> (Robinson) 30093900056 9000 983965, M sgEHomco IgG-ol dowgds
d9Lodengdgos E. coli-l 9&sdol SHuffle14-ol 30@GHm3ws3sdo, bosi 39003esHBdolopsb gob-
1b3539000, (580m©b0TYg 5BHB-Bg 3M30IOo Bs3gMmbos (GroEL, ClpXP, Hsp90), mdg-
03 2965300Md9dL IgG-b 9539dGIO SPymdsL. 335605 Genentech-0s dgod«)dsgs E. coli-s 39-
03¢5H3580 d0L3930%30399M0 sBEOLbYMEgdOL (BsdB) gJudMgliool Loliggds (18;19).

E. coli~b 3096 36030609800 563 0Lbgremadols 3Gmoadnbdgdo dgwol Lbgsalibgs
15939MbsM 3619356M5@ g0l F9dsyqbermdsdo:

- Romiplostim (Nplate) — FDA-0 055933039 2008 {eool 22 5330LEml 0000m350000960
0MHMIdMG0GHM3960M0 31M3MHoL (ITP) Lsd3M@bosgrm 0 3530963H9d0LmZ0L, MrMdEgdLSE
3Jmbom wsMYMB0mMO MJod300 30:ME03MLEIOM0EIODBY S 03MbMYMdMobgdby (18) ;

- Certolizumab pegol (Cimzia®) — 69395@™0I0 SHOMMOGOLS O 3OMBOL o3~
@900 153 39MbsEM Bodmsargds. Certolizumab pegol, HMyMOE 3OMbOL H9350YOOL 15d3196M-
Bogom 369356530 83903900580 - 2007 el 588-3o 30 2008 Fgerls 933030, bragrm Gm-
3MO3 ©9305GHMO0I0 SOHNOOEOL 15IJMOBIM LsTMSEgds - 930039300600, 5TF-Us O 39-
Bogsdo 2009 Ferosb gs9moygbgds (7;18);

- Moxetumomab pasudotox (Lumoxiti) - FDA-ols dog6 5933039099 0d6s 2018 gl
9039900 (hairy cell leukemia) bs9329Mbs¢rm (18);

- Caplacizumab (Cablivi®) — 0>63dm30@™3960m6m0 37G37960L (aTTP) Lsdzm@bocrm
L5350 q0s, HMIgerog FDA-ob 8096 993303900905 2019 fierosb (18).

3960L39dBH0 B0MBIMT3I3GILY LFLYEgdGOL FmMOLLs 0bEHIMBgMMBgdo (IFN).
0639683906980l 36033690Mmdsl 5QLEIMIOL 0L Bogd@o, MHMI e Mowsg 9dgLo Herol 4ob-
05300530 1986 (jerosb 1992 fersdyg, Abmzeom dsBatBg IFN-0b gogo3s ssbermgdoo
740 30@r0mbo EMEMm0m A50bIMs. 2019 gl dbmgeomdo IFN-ob 4ogo@gosms Mosbgo 6,9
d005M© MMM F95395Ls. 0bGHIORIOMEDY FmmbM3bs gobloMmmMgdOm Fo0BIMES
2020 Ggeol  COVID-19-000 0553509090 3530953900l bod3m®mbowm. 0b@ghagmmbols
05BEMOL F9IML35¢0 B Fengddo LodMIbMdSE Foser0s. ImbyEgdgdol B godmfzgw-
05 306790 06%39930900L @O, S6E0306XLEo MYMe30900lL (B 3g3s30@0, C 393s-
A0®0) ©603360m, LodLOgkboLs 0¥ 5EMOTMEMMHO 9350 YBYOOL d3MEOBIEMBOLSL IFN-0l
3°9myqbgdom. 356M5Md96, HMI 2032 Feroliozol 0b@ghagmmbgdol gogowgs 11 dogrost
QMEML 450005F5MdJOL (5;29;33).



05DOBY 5MOLYOMWO 50530560l 193MTd0BBEH MO 0bGHIORIOMDJBOL 3GM]EH03-
WO Y39wd 30935050 d9ddbogros E. coli-l bsvmdggeby. E. coli-8o 0b@ghagmmbols 9dudtg-
Loobomzol 09gbgdgb Lbgsalibgs dEsdgal, asbliszmm®mgdom, BL21-b. s0bodbwmero 9@sdols wx-
9090L 56 3558605 Lon-36HmEgsbgdo, Hmdwrgdos 9eool vysbm 30wgdl. Bmaogto dgdmbag-
3500 59Mm0y9gbgds 0ligmo 9Es39d0, HrMYMGOEss Origami s SHuffle, Hm8wgdlsi 3o@GM3ws®-
9580 OLYER0YIMHO 33930l FoMmIMJabol Qo) MdILYdIEO 1B 543L. gBm-9Bm 9Jud-
099630 Esdols Origami (DE3) vx6gogddo 3esBdow®o 39d@m®mol pET32a Logwdzgen-
B9 05dBH9M0o 9Ju3Mglools LoliBgdol gedmygbgdolsls doomali sesd0sbols INF-o-2b-ls 69-
303006560 sBsgrmyo, MH™Iol bLolwygmegol bsMobbo Fgoygbos 96-98%-U, bmerm
b3, 3O0MEJObOL godmbiagaro — 2,31 dy 1e» 153390 5Oy (5;26).

3005393 ¥boMbg IFN-a  2-0l  M5d9bodg  361935M5@05,  FoQd00S:
Heberon®AlfaR (9035605 ), IntronA (589), ©gog3960>mbo (Glsgmo) (5;26).

5960500, d5JGHIM0IE0 YR EMIIIO0L F9EdMOBIOL 93300 (d5JGHIOOME MR-

009030 v93bm 296900l T9EHeboo 96 99339 9OLGdMEOL FMPOGOZIEE0M) FLOAEGOG0S dSIET-
0gd0L, MRMO3 (30gdoLs s Bb3s 3MM©YJEgdoL olbobmgbgdgero ,ds@bbdOL* 4sdmygbg-

0o.
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Bacterial cells are widely used in biotechnology. Genetic engineering methods have been scrutinously
developed for microorganisms, making it possible to use their beneficial properties more efficiently. With the
methods of genetic engineering, such microbial cells are constructed that can synthesize substances of plant and
animal origin important for medicine. The first model organism of biotechnology is the bacterium Escherichia coli,
in which the mechanisms of replication, transcription, translation, and regulation of gene activity are studied in
detail. Escherichia coli K-12 strain is most often used for scientific research because its genome is well studied and
easy to manipulate, and according to all guidelines, Escherichia coli K-12 is considered one of the safest bacteria
for laboratory research, especially when working with recombinant DNA. The pharmaceutical market is full of by
medical preparations obtained using Escherichia coli strains.

Keywords: Escherichia coli, genome, genetic engineering, insulin, somatotropin, interferon.

Advances in molecular biology and microbial genetics have led to the development of
revolutionary experimental technology. A real opportunity to create strains of microorganisms with
specific properties appeared, which influenced the development of modern biotechnology, especially
the direction related to the microbiological synthesis of proteins of higher eukaryotic organisms. Highly
effective producer strains are used for the synthesis of biologically active substances. The first model
organism of biotechnology is the bacterium Escherichia coli, in which the mechanisms of replication,
transcription, translation, and regulation of gene activity are studied in detail.

Escherichia coli K-12 strain is most often used for microbiological and other scientific studies
because its genome is well studied, it is easy to manipulate and according to all guidelines it is
considered one of the safest bacteria for laboratory studies, especially when working with recombinant
DNA. In the case of the E. coli K-12 strain, not a single case of disease was observed, since this strain
cannot colonize in the human digestive tract. It lacks all the properties that virulent strains of E. coli
have.

One of the successful examples of genetic engineering is the production of insulin by
recombinant strains of E. coli.

For the first time, recombinant human insulin was produced in E. coli by Genentech employees
(1978) using the following approaches: In the E. coli, chemically synthesized cDNA is expressed,
which separately encodes insulin A and B chains. After the expression of both chains, they are
incubated to form disulfide bridges; A second approach involves the expression of human proinsulin
cDNA in E. coli with subsequent removal of the C-peptide by proteolytic enzymes. This approach was
used by Eli Lilly to produce the first recombinant insulin Humulin.

Lispro, developed by Eli Lilly, is the first analog of rapid-acting insulin. Insulin Lispro has
almost the same amino acid sequence as natural insulin, but, unlike natural insulin, the inversion of the
proline-lysine sequence at positions 28 and 29 of the recombinant insulin B-chain leads to the reduction
of hydrophobic interactions and the formation of dimers.

For commercial production of insulin Lispro, cDNA encoding proinsulin LysB28-ProB29 was
expressed in E.coli. Insulin is cleaved from proinsulin by the action of trypsin and carboxypeptidase. A
second fast-acting insulin analog produced in E. coli is glulisine (Apidra), developed by Aventis



Pharmaceuticals. Glulysin was obtained by replacing B3 asparagine with lysine and lysine with
glutamic acid.

Aventis Pharmaceuticals has manufactured insulin glargine , for which the following
modification was used: The C-end asparagine of the A chain was replaced by a glycine residue and two
arginine residues were added to the C-end of the B chain. Glargine is produced in the form of
proinsulin.

Human growth hormone - somatotropin is also expressed in E. coli cells.

The biosynthesis of somatotropin was carried out in 1979 by a group of scientists led by D.
Gedel (Genentech company). To do this, they cloned double-stranded cDNA. A gene encoding a
somatotropin precursor was obtained. The latter was not transformed into an active hormone in the
bacterial cell. Therefore, the nucleotide sequence encoding the amino acid sequence of the hormone,
except for the first 23 amino acids, was obtained by cleavage. A synthetic polynucleotide corresponding
to the first 23 amino acids with the start codon was also obtained. Both fragments were combined and
ligated to the Lac promoter and ribosome binding area. pBR322 was used as a vector. The hormone
synthesized in E. coli had high biological activity. After clinical trials, in 1984, large-scale production
began.

Gorkavaya and co-workers performed periplasmic expression of somatotropin in E. coli cells.
The vector pNic was used for expression, which contained a PelB (PelB-pectate lyase peptide that
directs the protein to the periplasm) DNA fragment, a TEV-protease recognition site, a site for LIC-
cloning, and a kanamycin resistance gene. E. coli (DHS5a and BL21) cells were transformed with the
obtained construct. The yield of human recombinant o somatotropin was 2.85 mg per 1 1.

Peris-Peres and colleagues expressed a soluble bioactive growth hormone in the periplasm of E.
coli to which PelB-SmbP (SmbP - a small, metal-binding protein of Nitrosomonas europaea, which is
used for expression and purification of recombinant proteins in E. coli) was connected and a high yield
of protein was obtained - 15.5 mg per 1 1.

Most of the therapeutic proteins synthesized by E. coli are smaller than 32 kDa because it is
difficult for E. coli to synthesize substances with a mass greater than 100 kDa. This is due to the fact
that high molecular weight substances load the host cell, which prevents protein folding and thus affects
protein expression.

Robinson and his colleagues showed that active IgG can be obtained in the cytoplasm of E. coli
strain SHuffle14, where, in contrast to the periplasm, there are several ATP-dependent chaperones
(GroEL, ClpXP, Hsp90) that make efficient construction of 1gG. The company Genentech developed a
system of expression of bispecific antibodies (BsdB) in the periplasm of E. coli .

Antibody fragments produced by E. coli are included in various medicinal preparations:

- Romiplostim (Nplate) — FDA approved on August 22, 2008, for the treatment of idiopathic
thrombocytopenic purpura (ITP) in patients who have had a negative response to corticosteroids and
immunoglobulins ;

- Certolizumab pegol (Cimzia®) — a treatment for rheumatoid arthritis and Crohn's disease.
Certolizumab pegol as a treatment for Crohn's disease was approved in Switzerland in 2007 and in the
USA in 2008, and as a treatment for rheumatoid arthritis it has been used in the European Union, the
USA, and Canada since 2009 ;

- Moxetumomab pasudotox (Lumoxiti) - FDA approved in 2018 for the treatment of hairy cell
leukemig;

- Caplacizumab (Cablivi®) — a treatment for thrombocytopenic purpura (aTTP), approved by
the FDA in 2019.



Among the promising biopharmaceuticals are interferons (IFN). The importance of interferons
is confirmed by the fact that in just six years from 1986 to 1992, the sale of IFN in the world market
increased by about 740 million dollars. In 2019, IFN sales worldwide were estimated at $6.9 billion.
The demand for interferon especially increased in 2020 for the treatment of patients suffering from
COVID-19. Interferon market revenue has been significantly high in recent years. The increase in data
is due to the increase in viral infections, the appointment of antiviral therapies (hepatitis B, hepatitis C),
and the use of IFN in the treatment of cancer or autoimmune diseases. It is estimated that the sales of
interferons will exceed 11 billion dollars by 2032 .

Virtually all recombinant human interferon preparations on the market are based on E. coli.
Different strains, especially BL21, are used for interferon expression in E. coli. Cells of this strain do
not have Lon-proteases that remove foreign proteins. In some cases, strains such as Origami and
SHuffle, which have an improved ability to form disulfide bonds in the cytoplasm, are used. In one of
the experiments, using a bacterial expression system based on the plasmid vector pET32a in Origami
(DES3) cells, a recombinant analog of human INF-a-2b was obtained, the purity of which was 96-98%,
and the yield of pure protein was 2.31 mg. 1L on the feed area .

There are several preparations of IFN-o 2 on the pharmaceutical market, for example,
Heberon®AlfaR (Germany), IntronA (USA), Reaferon (Russia) .

Thus, by changing the metabolism of bacterial cells (introducing foreign genes into bacterial
cells or modifying existing ones), it is possible to use bacteria as "factories" synthesizing proteins and
other products.
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Requirements !

Journal “agroNews” is an international (ISSN2346-8467) refereed, peer-reviewed periodical publi-
cation. Outcomes of recent researches are published in the journal. Fields: Agriculture, Humanities, Econo-
mics, Chemistry, Technology, Engineering, Biology and Consumers Services. It is published once a year.
Articles published in the journal are internationally recognized. The journal aims at contributing the develop-
ment of science and promoting scientists of different fields by immediate publication of their researches and
recent findings.

Articles will be submitted either in Georgian, Russian or in English (if desired, article can be publis-
hed in original language), summaries must be in two languages (Russian, English). Number of authors is li-
mited to five.

Length and Substance:

- Number of pages ranges between 3 and 10. (A4 ; 1,0 -spacing, fields: up 3 cm, down _ 2,5 cm, left_ 2,5
cm, right - 2 cm, paragraph _ 1 cm, without numbering pages) Please supply the files with figures, tab-
les, summary, bibliography and the body of article in Word format.

- Georgian version — Sylfaen, 11 pt;

- English and Russian versions — Times New Roman, 11 pt;

- Title 14 pt;

- After one line — Author (s) full name (s) 12pt ;

- After one line - Degree and place of work 12 pt;

- After two lines - Annotation 10 pt; (Number of words limited to 500);

- After one line — Body of the article;

- After one line — Bibliography at the end of the article; (author (s) surname (s) with initials — title - “pub-
lisher”; city; year; number of pages);

- After one line — Abstract are required to be in English, 50 % of Georgian or Russian articles. (title of the
article 14 pt; Bold; author’s (s') name and surname 12 pt; Bold; academic degree, title, affiliation, city,
country 12 pt; font 11 pt;);

- Itis recommended that you use JPEG or MBP formats to insert tables, figures.

- For mathematical formulas use Equation;

- Author (s) is responsible for the quality of the article.

- One author can submit no more than 3articles;

- The article will be peer-reviewed and published by editorial board.

Articles must be submitted both as paper version (one copy) and e-form.

Authors pay for the publication. Value of per page is 7 Gel. One copy of journal is included in the pri-
ce.
Money Transfer “Tibisi” (TBC) Kutaisi
GE63TB7524336080100002
For further information contact us: 4600, Kutaisi, Shervashidze 53. Akaki Tsereteli State Unversity. XIX .
Faculty of Agrarian Studies.
Chief editor: Lortqifanidze Roza
Tel.: 599 23 64 79; 577 28 28 54
Email: Roza.lortkipanidze@atsu.edu.ge;
Academic Secretary: Santeladze Natalia
Tel.: 574 84 82 82
E-mail: natalia.santeladze@ atsu.edu.ge
Attention I!!
E-version of paid check must be attached to the article:
E-mail: agronews2016@gmail.com

Beb cTpanmma: jaa.com.ge
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K BHMMaHUI0 aBTOPOB.

KyphHan «ArpoNews» 3To cepuiiHOe W3AaTENbCTBO, KOTOPBIN cTaHaapTHbIH HoMep (ISSN2346-8467)
peleH3upHOe W peepHpHOE HU3AATENbCTBO. OTOT HKypHall Ie4aTaeT pe3ysbTaThl HCCIEJOBAaHHWHU 110
arpapHbIM, XMMHYECKHM, WHXXCHEPHBIM M TEXHOJIOTHYECKMM HAYYHBIM OTpacisiM. DTOT XKypHall H3aaércs
oIuH pa3 B roa. CTraTbM NpeJCTaBICHHBIE B )KypHAJe NPEICTABISIOT — TPYJbl MEKAYHAPOJAHOTO YPOBHSI.
Lenp >xypHama — cHocOOCTBOBaTh pa3BUTHIO HAyKH, OINEPATUBHOE H3IATENILCTBO  JIOCTHIKCHUH
CIEIUAINCTOB, a TaK XK€ MaTepuasbl M Pe3yNbTaTsl HccienoBannii. CTaTbl NMPUHUMAIOTCA HAa TPY3MHCKOM,
AHIVIMIICCKOM, PYCCKOM fA3bIKax (TI0 YCMOTPEHHIO aBTOpa CTaTbU IEYATAIOTCS Ha OPUTHHAIBHOM SI3BIKC)
KonnuecTBo aBTOpOB HE JODKHO MPEBUIIATH MATH YETOBEK.

TpeGoBanus k 0()opMJIEHHIO HAYYHBIX CTATEI:

* OOBIOM CTaThU HE JOJDKHO OBITH MEHbIIE 3 cTpaHull U He Oombire 10 crpanun (Ha Oymare A4 ¢opmara,
rae ¢ uatepBaioM 1,15 mone ¢ Bepxy 3cm. cHu3y 2,5 cM., cineBa 2,5¢cM. cmpaBa 2cM. absar; 1 cm. 6e3
HyMepaluy CTPaHWHHI 1 IEPEHOCOB) C yUETOM YepTEeKeH, TabHLI, pe3toMe U JINTEPaTyphl.

*CTaThsl OJKHA OBITH BHIMOJHEHA TEKCTOBBIM pepakTopom Word.

* ]It TPY3UHCKOTO TeKCTa JJOJDKHO OBITh UCTIOJIb30BaH mpudr - Sylfaen ,11pt.

*J151s1 aHrIIMICCKOTO U pycckoro Tekcta mpudt - Times New Roman ,11 pt.

* maspanue crathy, 14pt. Bold.

*C mpomycKoM OHOHN cTpOoKH — uMst U pamius aBropa (aBropos). Bold.

*C mpOoITyCKOM OJTHON CTPOKH Hay4HBIE KauecTBa M MeCTo paboTs 12pt.

*C mpoIrycKoM IBYX CTpOK — aHatomus cTatbu 10pt ( He Oompire 500 meyaTHBIX 3HAKOB)

* CIpoIyCKOM OHOHN CTPOKH-COJECP)KaHNE CTaThH.

*C MPOIYyCKOM OIHOM CTPOKU — CIIACOK MCIOJIb30BAHHOM JTUTEPATYPHI, (haMILTHS aBTOPOB, HA3BaHUSA Tpyla

( M3AaTETBCTBO, TOPO/I, TOJI, YUCIIO CTPAHULI, WIITFOCTPAIINN).

*C mpoIycKoM 0JHO# cTpokw, Pestome (Abstract) Ha aHTIMHCKOM SI3BIKE,YTO JOJHKHO COCTOBIIATH MOJOBUHY
CTaThH MPENCTABICHHON HAa TPY3WMHCKOM M PYCCKOM si3bikax (HasBamme cratbu 14 pt Bold; ums u
¢damunus aBropa(os) 12 pt Bold; nayunas crenens, 3Banne, Mecto paboThI, TOpo, ctpana 12 pt, mpudt
Tekcta 12 pt);

* JInst uepTeskel M WILTIOCTPAINK B cTaThe JOJDKeH ObITh ucronk3oBad JPEG mwmu BMP — dopmar.

*MaremaTrueckue GopMyJIbl JOJDKHBI OBITH HCIIOIB30BaHbI Equation perxakropom.

* ABTOp OTBETCTBEHEH 3a COJICP)KaHNEH KAUeCTBO CTAaThH.

*OTHIM aBTOPOM JIOJDKHO OBITH MPEACTABICHO He Oouiee 3 CTaThH.

*CraThs AN TyONWKaUM JOJDKHA OBITH TpelncTaBiieHa Ha Oymare (OOWH SK3eMIDIIp) U B IHOOOM

JJIEKTPOHHOM BHJIE.

*BBIITyCK XypHaJla OCYIIECTBISIETCS 3a CUET aBTOPOB.

* CTOMMOCTD OJHOIi cTPaHHUIBI — 7 Japu. B 3Ty cTOMMOCTH BXOAUT OIMH IK3EMILISIP )KypHAJIa.
JleHe:kHbIII mepeBo/ ocyliecTBIAsIeTCsl Yepe3 Kyraucckuii puiauan TBC 6anka.
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