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BUOKATAJIN3ATOPDI

NMuweBas NPOMBLIWNEeHHOCTb

CDapmaueBTvmecxa;l
NMPOMbLIWITIEHHOCTDb

TOHKUM opraHN4YeCKMn CUHTE3
AHanuntTun4yeckas buortexHosrnorus
REVE

MeavuunHa
TeKkCTUNbHasa NPOMbILUIIEHHOCTb

Lienntono3sHo-6ymaxHas
NPOMbILWSIEHHOCTb

MuweBasn NPOMbLIWIIEeHHOCTb

CDapmaueBTquCKaﬂ
NPOMbLIWWNEHHOCTb

TOHKMK opraHM4eCcK1M CUHTEe3
AHannTun4yeckas 6MoTexHoOmnorus
REVIE

OxpaHa okpyxarowen cpeabl

KpynHOTOHHaXHbIA CUHTE3
OpraHu4Yeckux coeguHeHUNn




®EPMEHTBI.
HEOOCTATKW

Kak npaBuno, depmeHTbl BbICOKOAKTUBHbI U
CeneKTUBHbI C MPUPOAHLIMU MOJIEKYlaMN N OYeHb
4acTO ManoaKTUBHbI C UX aHarNoramMmm

OnTumManbHbIe ycinioBuUsd aKTUBHOCTU OONbLLWUHCTBA

chepMeHTOB Aaneku oT oNTUManbHbIX YCITOBUM
peanbHOro npoueccax

[laxke cambIn aKTUBHbIN (pepMeHT umeeT npeaen
3¢ heKTUBHOCTH

NpobGnema onepauMoHHON U TeMMNepaTypPHOU
CTaOuUNbLHOCTHU




CyobcTtpaTtHaa cneundpunyHocTb (hepMeHTOB.
NMNeHnumnnnuHauunasa E.coll

amMmnmuuIiJinH




UTto penatb?? 7?7l




UTto penartb???!!l

Co3paBaTb HOBbIE
OunokaTanusaTtopbl C
HY>XHbIMU CBOUCTBaMW




Conventional
design

The Ideal EATALYST
Biocatalyst l
- a new
paradigm

I

REACTION
CONSTRAINTS

Burton, Cowan & Woodley (2002) Nature Biotechnol. 30:35-46

IDEAL design
paradigm

REACTION
CONSTRAINTS

l

'IDEAL’
PROCESS




PepMeHTbl — co3gaHue «maeanbHOro
OvnokaTtanunsartopa»

OnTuMmn3auunsa 3KCrpeccun B LUTaMMe-XO03sUHe
YBenndyeHme Kkatanntn4yeckom akTMBHOCTU
NameHeHne pH-ontuMyma akTUBHOCTHU

N3meHeHne cybcTpaTtHon U (Unu)
KodpepMeHTHOU cneunPnYHOCTH

[loBbILLEHNE TEPMOCTADUBHOCTU
[ToBbILLEHNE «ONEepaLIMOHHOW» CTabUNbHOCTHU

AfanTtaunsi K opraHM4ecknum pacTBopuUTENaM U
OPYrMM HETPaaULMOHHBIM cpeaam




PepMeHTbI — co3aaHue «upeanbHOro
OunokaTtanusartopa»

[Tonck n BbIbOp ncxoaHoOro doepmMmeHTa

Co3pgaHune wrtamma — npoayueHTa
PEKOMOUHAHTHOro 6enka

OnTnmMmmnsauusi ycrnoBu KynbTUBUPOBAHUS
OIS AOCTMXKEHNS MAKCUManbHOIo BbiIxaAa.

N3meHeHne CBONCTB




UcxoaHbin chepMeHT. chopmmatTgerngporeHasa
Pseudomonas sp.101 vs Candida boidinii

[lapameTp

wt-PseFDH

wt-CboFDH

YaenbHas aktuBHOCTb, U/mg

6.3

OTHOcUTenbHagd
TEPMOCTabUNBbHOCTb

1

[MpepgnoyteHne NAD*/NADP*

300 000

YCTOMYMBOCTb K OpraHM4YeCKUM
pacTBOPUTENAM

HU3KaA

YCTONYMBOCTb K NpoTeasam

ymMepeHHas




[Touck un BbIOOp ncxogHoro cdoepmeHTa

- ANUTENbHbLIN MO BPEMEHMW U TPYOOEMKUN
- Manasl npeackasyemocTb ycrnexa
- Npobnema «MonyaLymx» reHoB

“Genome mining”

- B HACTOALLEE BPEMA OnpeaesieHbl nocrnenoBaTesibHOCTA
HECKOMbKMX TbICAY FEHOMOB, OOMbLUUHCTBO — B OTKPbITOM AOCTYRE

Genome screening

- MOWCK Ha OCHOBE WM3BECTHbIX NOCNEA0BATENBHOCTEN B FEHOME
OTAENIbHO BblAENEeHHbIX OPraHN3MOB

Metagenome screening

- PellaeTCA npo6ne|v|a HEKYJIbTUBUPYEMbBIX MUKPOOPraHU3MOB




AHanni3 nocrnegoBaTeribHOCTEN B
baHKax AaHHbIX

LLGHW




Mining of S.cerevisiae genome for search of new
NAD(P)-specific dehydrogenases

Create individual Isolate
overexpression fusion
strains for each ORF GST Yeast ORF proteins
—— = ~
| —

—

Yeast
genomic DNA

Common tag allows
Martzen et al., Science 1999, 286, 1153-1155 one-step purification




Yeast Oxidoreductases

Aldose Reductases Short-Chain Dehydrogenases
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Standard Assays of Putative Yeast
Reductases




HoBble hepMeHTbl ANA CUHTe3a
B-nakTaMHbIX aHTUOMOTUKOB

[ npponasa acpupoB

ao-D-anmHokucnot (AEH)

lNpu coTpyaHuyectBe ¢ nabopatopuen npod. C.B. Apoukoro




OBLLAA KMHETUHECKAA CXEMA CUHTES3A
B—JTAKTAMHbBIX AHTUBUOTUKOB

MmoponleHULMANNHAUMNA3A . (AEH)




Comparison of yields in cephalexin
synthesis with wild-type and
recombinant XrAEH

rXrAEH + PEG

(XrTAEH WtXrAEH + PEG




@I n3 Staphylococcus aureus

€ SaFDH

Cryptoceccus

Botrytis
Magnaporthe
MNeurospora
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HnggepeHumanbHasa CKaHUpyoLwias

kanopumeTpusa (JCK) pa3nnyHbix
dbopmuaTgerngporeHas

Pseudomonas sp.101 FDH —_

Staphylococcus aureus FDH
Enzyme

Candida boidinii FDH—___ PseFDH
SauFDH
CboFDH
SoyFDH

Glycine Max FDH\
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KnoHnpoBaHue HoBou cbopmmartaeru-
ApOoreHasbl U3 TEPMOTOJIEPAHTHbLIX APOXKEN
Ogataea parapolymorpha DL-1
(Hansenula polymorpha)

- I'IpMHa/:u'le>|<aT K OrpaHn4eHHOMY HNCITY

METUNOTPOMHLIX OPOXKEN
- TepmoToNnepaTHbIN OpraHn3m
- MicnonbayeTcda kak ogHa 13
OCHOBHbIX «dabpuk»
PekoMOMHaTHbIX O€PMEHTOB

XpomocomHaa JHK O6bina nob6e3Ho npeaocTtaBneHa cCoTpyaAHUKaMu
naéopatopuu npoc. O.A. AoHuoson (HUN ®XbB, MI'Y)




Kinetic properties of formate

dehydrogenases from different sources

FDH source

Pseudomonas
sp. 101

C. boirdini
O. parapolymorpha
A. thaliana

Glycine max

E . patens

K _ NAD

mkM

65

37

14

50

13

39

KMHCOO_,
mM

6,5
5,9
1,3
2,8

1,5

2,6

cat’
g1

7,3
3,7
4.6
3,8

2,9

3,4

kcat/

+
NAD
Ky :

(s-mlkM)'
0,11
0,10
0,32
0,08

0,22

0,09

kca t/

KMHCOO',
(s-mM)-1t

1,12
0,63
3,9
1,36

1,93

1,31




D-amino acid oxidase (DAAO)

catalyses oxidative deamination of D-amino acids
yielding the corresponding a-keto acids

H o
DAAO-FAD, + R4'—< —~ DRAO-FAD,, ~R
OX NH+ O_ s red
3 H NH

@ @]
™ A
O + 0 H,0,
O N H.O

H  H, NH2

the enzyme consists of two identical subunits
and contains one FAD molecule per subunit




Preparation-of 7-aminocephalosporanic
acid (7-ACA) from cephalosporin C

N\__rﬁ

F—NF
0]

COOH
cephalosporin C a-ketoadipyl-7-ACA

—

HZOZ
CO,,H,0

H

HO\W/“\,/“\H/NA‘ S
O 0 N~ OAc
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COOH

glutaryl-7-ACA




Genome mining of O.parapolymorpha
for new DAAQOs

Genome analysis of O.parapolymorpha
resulted in 6 ORF which could be
potential DAAO

Genome analysis of other methanol
utioizing yeasts Candida boidinii, Pichia
pastoris resulted ONLY In 2 (1) ORF
which could be potential DAAO (one Is
DASPO, the second DAAO)
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Activity of new OpaDAAQOs with D-amino acids
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Environmental
source

DNA extraction

Metagenome screening

=

Community
DNA

Restriction,
Size separation

Target gene
and product

HTP Screening

Multigenomic
DNA library

Size
fractionated
DNA

Ligation into vector,
Host transformation




FROM WHERE WILL MANY OF THE NEW APPLICATIONS COME?

- Biodiversity

WHERE IS THE GREATEST
SOURCE OF NEW
BIODIVERSITY

TO BE FOUND?

- The microbial world




The friends that did the work and acknowledgements

Misha Yakimov-cruiser

Olga Golyshina-genomicist

Peter Golyshin-genomicist Kenneth Timmis-

environmentalist...

http://www.proteus.fr/

Biocatalysis Group-enzymologists http://www.vialactia.com/




WHERE ARE ALL THE MICROBES?




Deep Hypersaline Anoxic Basins (DHABS)
Of Mediterranean Sea

Messina

Bannock
basin

Ferrer, M., Golyshina O.V., Chernikova T.N., Khachane A.N., Martins dos Santos V.A.P., Yakimov M.M., Timmis K.N.,
and P.N. Golyshin. (2005). Novel microbial enzymes mined from the Urania deep-sea hypersaline anoxic basin.
Chemistry and Biology. In Press




Totally anoxic environments

High level of HZS

Hypersaline

High pressure




Sampling strategies
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Unusual structure on one out of flve DHAB esterases

770 AA 198 AA

Thio-esterase Carboxyl-esterase
domain domain

N-terminal C-terminal
domain — domain
446

S807 S839

0 0 0 l
1
HOCH — C — NHCH, CH, —-: NHCH, CH,S —c CH,(CH,),CH,

2

N(f\/lru AN C >:° p-NP acetate
k NJ o//N o

M
O 0 (xLi ) O_/—
1 1l

CH,CCH,0—P —0 —P—0CH, o

. | . <:> g Parabens
z . H
ooonen Propionyl-CoA \

]

HO —P—0
|
OH

 Bifunctional: carboxylesterase + acyl CoA thioesterase activities in distinct
domains
» 3 catalytic serines and a multicatalytic site for carboxylesterase activity







EXAMPLE 2: RUMEN ENZYMES

THE RUMEN PROJECT:
EXPLORATION OF BOVINE RUMEN

MICROFLORA

http://www.vialactia.com/




Novel hydrolase diversity retrieved from a
metagenome library of bovine rumen microflora

Generation of a genomic expression
library in a surrogate host like E.
coli

sampling—, DNA — library ., screening,—., characterize—_, apply
extraction generation sequencing optimize

RESULTS:

Cellulases Esterases

» 13 novel esterases -
» 9 endoglucanases -Iw»fj'*w
« 1 ciclodextrinase E{ b
» 25 glucosyl hydrolases ﬁ' ‘

e 1 laccase




Novel hydrolase diversity retrieved from a
metagenome library of bovine rumen microflora

Proteins with a Mesophilic ¢
known function

m Hypothetical
proteins

Conserved hypothetical
proteins

Thermophilic
Psychrophilic Pt

No similarity to  AN@erobic  Ap-aropic
D GenBankentries fungus archaea

Anaerobic
Gram + bacteria

!

Anaerobic
Gram - bacteria

Aerobic
Gram - bacteria

Aerobic
Gram + bacteria




[opsa4Me NCTOYHUKKM BYIKaHa JTHa













METO/LbI NMPOBELAEHNA MYTAIEHES3A

- Knaccuyeckun (06paboTka XMMHUYECKUMU peareHTamu,
paguauusa ynotpaduosnert n T.4.)

- HanpaeneHHasa asontouus

- MyTtupytowmn wramm E.coli

- “Gene Shuffling”

- 9KCNepuUMeHTanbHas 3BOMIOLS]

(Rational design)




MymazeHe3 ¢ nomouwbo0 Memooda «HarnpaeJsieHHOU 3801l UU>

BBenenune

HeynopAaao4eHHbIX
— - >
MyTauunm c

TpaHcdopmaums
bakTepun

[
>

MCX%'-_'H'D'V' nowmouybto MNP

buGiuoreka
MYTaHTHBIX T€HOB

[Mpssmon oT6op AHanmns Ha Yawlkax c NoMOLLbIo,
KonopumeTpuyeckoro, dpnyopec-
LeHTHOro 1 Ap. MeToao0B

BuoTpaHcdopmaLus
C NOMOLBIO LenbIX
KNeToK

!
!

(GC/LC) MS analysis




[MPEVUMYLLECTBA N HEOOCTATK METOLA
«HATPABJIEHHOM 3BONOLNN

[TlpocTOTa METOAMKM NPOBEAEHUS SKCAEPUMEHTA

He TpebyeT 3HaHNSA He TONbKO NPOCTPAaHCTBEHHOM
CTPYKTYPbl, HO NOCregoBaTenbHOCTN reHa dPepmeHTa




Directed-evolution of enzyme catalysts

O.Kuchner, F.H.Arnold, Trends in Biotechnology, 1997, 15, 553

Box 1. The number of possible variants of a protein that can be created by introducing
M substitutions simultaneously over N amino acids is 19¥ [Nt / (N - M)! M]

Sequence length = N (number of positions targeted)

5 10 200
Number of amino acids 1
changed simultaneously o

o

4 410 8 429 807 368 950

5 623 976 948 6 278 520 528 393 960

6 9 879 635 010 3 876 986 426 283 270 000

7 107 264 608 860 2 041 510 281 040 010 000 000

This table lists the number of variants that could be made if every possible amino acid substitution were accessible
(for example, by codon-synthesis methods). If point mutations are introduced randomly at the DNA level, the accessk
ble sequence diversity is limited. On average, only 5.7 different amino acids are accessible by single-base-pair changes
in a codon. Furthermore, the number of clones that must be screened to see a given number of unique amino-acid-
level variants must increase to account for wild-type variants arising from the degeneracy of the genetic code. To have
95% confidence that a given number of amino-acid-level variants has been sampled in a screen or selection, the
number of unique clones must be multiplied by a factor of approximately ten.

The feasible upper limit for screening with a high-throughput assay is indicated by the darker gray area. The upper
limit of feasibility for selection in microbial hosts is indicated by lighter gray, Neither screening nor selection allow
exhaustive searches of libraries containing multiple mutations distributed over long sequences.







MyTareHe3 ¢ nomMoLLbLI0 MyTUpPYHOLWEero wramma E.coli

e MeToq OCHOBaH Ha pa3MHOXEHWUU KROHUPOBAHHOIO B NnasMuay reHa B
cneunanbHoMm wtamma E.coli XL1-Red (Stratagene), MyTaHTHOro no
Tpem reHam, OTBETCTBEHHbIM 3a NepBuUYHYtO penapauunto JHK:

- mutS (yoaneHue Hecosnagarowmx nap ),

-mutD (oTBe4aeT 3a 3'-5’-9K30HYyKNneasHy akTUBHOCTL B
OHK-nonnmepase lll) u

-mutT (oTBeyvaeT 3a rmgponns 8-okcodGTP).

e HacTtota myTtauuin B 5000 Bbilwe, 4YeM B 06bIYHbIX WTaMmMax E.coli.

e 1 myTaumsa Ha 2000bp nocne 30 uuknosB pocTa.l

L Greener et.al (1997), Molecular Biotechnology, 7, 189-195




Monyyerue L-cneuuguyHoll aMuHookcuodasbi (N.Turner, 2003, Ang.Chem.)

Master plate First dilution of active clone

Pure clone assayed against D-enantiomer Pure clone assayed against L-enantiomer




“Gene Shuffling” (I'eHHaa mo3anka)







Protein Science (1998), 7:698~705. Cambridge University Press. Printed in the USA.
Copyright © 1998 The Protein Society I

3-isopropylmalate dehydrogenase from
Bacillus subtilis by experimental evolution

SATOSHI AKANUMA,'? AKIHIKO YAMAGISHI,' NOBUO TANAKA.? 4

' Department of Molecular Biology, Tokyo University of Pharmacy and Life Science, Horinouchi, Hachioji 192-03, Japan
2Department of Life Science, Tokyo Institute of Technology, Nagatsuta, Midori-ku, Yokohama 226, Japan




70°C BTH7024 - BTH7044
(195L/M2921/T3081) (195L/M2921/T3081)

| |

66°C BTH6622 BTH6623 BTHE642 BTH6643 BTH6652
(I9SL/T308I1) (195L/T308!) (195L/T3081) (195L/T308!1) (T308l1)

VARV

81°C BTH6121 ~ BTH6141 BTH6151
| (T3081) (T3081)

Fig. 5. Evolution pathway of T: thermophilus mutant strain, which carried

' B. subtilis leuB gene. Temperatures at which mutant strains were selected
are shown.




dopmMH1poBaHNE YCTONYNBOCTU
B. antracis K ogprnokcaumHy In vitro
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Choe et al AAC 2000:44:1766
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‘RATIONAL DESIGN”

MeTon ocHoBaH Ha Bblbope MyTaLuiA nocre aHanuaa
4YeTBEePTUYHOM CTPYKTYPbI Oenka

icnonb3yoTca BbICOKOIPEKTUBHLIE.METOAbLI CaUT-
HanpaBlieHHOro mytareHesa

MeToq no3BonsieT NoNy4aTb My TaHTbI C
pa3HbIMW aMUHOKMCIIOTaMM B O4HOM MOMNOXEHUN
(HacblWaLWnn MmyTareHea)

[1na aHanusa TpedbyeTtca 5-25 knoHoB

[To3BonseT BBOAUTb MyTauUn, HEAOCTUXKNUMbIE C
NOMOLLbIO ApYrnx MeToaoB (BBeAaeHne S-S cBA3en,
O4HOBpPEMEHHOE BBeAEHNE HECKOMbKNX MyTaLNN B
onpenerieHHbIX MONoXXeHUAX




PocT konnyecTBa
CTPYKTYp B DaHke
PDB

2008




PocT konnyecTtBa
CTPYKTYp B OaHke
PDB

2012

2016 —

- 124286
CTPYKTYP




PocT

KonnyecTtBa
YHUKAJIBHbIX

CTPYKTYP
oenkos

2008




PocT
KOnnyecTBa

MKAJIbHbBIX

CTPYKTYP
oenkos

2012




bonee 50% CTPYKTYp UMEIT paspelleHne <
2,0A

Resolution Distribution - subrange from 0.0 to 5.0
Max: 5.0 Mean: 2.18 Std. Deviation: 1.23 Total Count (not null): 46327

18300
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There are 916 values outside the current range - for a complete histogram click here.




Crystals of different complexes of formate
dehydrogenases from A.thaliana and soya

'A | ‘

AraFDH + NAD" apo-AraFDH AraFDH + NAD*+ azide

F
SoyFDH + |
NAD*+ azide| ™

SoyFDH +
NAD*




IRRNNN——__Crystal of AraFDH
e obtained in space

0,5 13
s

In collaboration with Prf. I. Kuranova, Prof. V. Popov and Dr. K. Polyakov




KOHopMaLMOHHLIE U3SMEHEHNA B MONEKYIe
opMUaTaernaporeHass|




Protein Structure
Prediction
and
Structural Genomics

D. Baker and A."Sall,
Science, 2001, 294, 93




[lony4yeHne manataerngporeHasbl U3
naktatgerngporeHasbl

Holbrook J.J. et al, Science 1988




Rational design vs directed evolution

Pseudomonas sp.101. FDH

- 16 myTaumm npenrnoXxeHo U BbINOJSIHEHO

- 13 myTauum okasbiBanu NnonoXuT. ahdekT

- 8 MyTaumm ooveanHUNU

- 100-kpaTHOE yBenun4yeHue
TepMOCTabOMNBbHOCTU U

- 2-KpaTHoe ynyuuweHue K,, ana NAD?

Candida boidinii FDH

- 400 000 KNOHOB — 1-bIU CKPUHMI

- 1500 — BTOpOW CKPUHUT

- 5 MyTauuun ¢ NONOXUTeNbHbIM 3¢hheKToM

- 5 MmyTaumm ooveanHunu - 50-KkpatTHoe
yBennyeHne TepmMoctabunbHocTu de3s
NU3MEeHEeHUSA KaTariInTu4eCKMX CBOUCTB




Purification of recombinant Pseudomonas sp. 101
FDH with improved thermal stability by heat treatment

Time,
min 0O 10 20 30 40 60 90 120

Heat treatment of disrupted cell suspension at 60 °C




ameHeHne pH-onTumyma akTUBHOCTW
9HO0-P-rntokoHasbl |




OkKpacka no aktuBHocTu npu pH 5,5

2-4 — EBGIII nukoro tuma

5-12 — mytaut EBGII|
Asp95Asn

13-14 — KOHTPOJIb




OnpepneneHne pH onTtuMmyma akTUBHOCTWU
mcxogHou n mytadtHou EBGII|

—e— Mutant EG Il D95N

- wild-type EGIII




HAMPABAEHHbLI MYTAITEHES3
[MEPOKCUOA3blI TABAKA

Bbixoa akTuBHOM nepokcuaasbl Tabaka npu pedonauHre ana dhepMeHTa
pukoro tvna (kpusas 3) u ee mytaHTta Glul41Phe (kpuBas 1)




pH-Dependence
of K., for NADP*
for the first and the
third generations of
NADP*-specific
mutants of bacterial
formate
dehydrogenase

Km coenzyme, mM

K_for NADP*, mM




NunarHoctuka SARS COV-2 ¢
nomoLwibio nsorepmmyeckou NLUP

The racing car among Bst
Polymerases




CpaBHeHue 3(pPeKTUBHOCTU MYyTaHTHOM Saphir
Bst2.0 Turbo ¢




TMBPUAOHDLIE «CJITATDBLIE>»
®EPMEHTDI

(FUSION ENZYMES)




Scheme of catalysis with
NAD(P)H regeneration

Enzyme 1

"

NAD(P)H  NAD(P)

U/

SUBSTRATE PRODUCT

COZ —— HCOO-

linker
Enzyme 1 FDH

linker
FDH Enzyme 1




Cytochrome P450 monooxygenase
from Bacillus megaterium (P450 BM3)

RH + O, + NADPH =) ROH + H,O + NADP*

FMN-containing FAD-containing

domain ‘ domain domain ’

Catalytic domain Reductase domain




Hybrid enzymes based on
PseFDH and BM3 P450

Total lengh of polypeptide chain is. more
than 1 600 amino acids
- 400 aa PseFDH
- 1200 aa BM3 P450

Dimer of two hybrid subunits,
2 X 1600 =3 200 aa (at least)




PROBLEMS TO SOLVE

1. Estimation of the best order of enzymes in hybrid
(could be predicted by structure modeling)

linker
Enzyme 1 FDH

linker
FDH Enzyme 1

2. Polylinker

3. Position of His-tag (N- o C- terminii) for purification




Modeling full structure P450 BM3

FAD-copep-
Xawum
AOMEH
PDB: 4DQK

FMN-copnep-
Xawumn
OOMEH

f'em-coaep
Xawumn
AOMeH
PDB: 1BVY




Modeling of active sites orientation
in hybrids BM3-FDH and FDH-BM3

BM3-FDH FDH-BM3




Position of His-tag in FDH

O @
Ol

Hiss-PseFDH PseFDH-Hisg

K NAD+ K HCOO
MKM MM

OpaFDH 12,7




Hybrid molecules prepared
with FDH and BM3 P450




FDH1 - PseFDH SM4 D221Q
FDH2 - PseFDH D221Q

Link - linker SGGGGS




Expression of free enzymes
and hybrids







Tested substrates of P450 BM3




Hydroxylation of naphthalene
by BM3 P450

O — O+

Full conversion
Enzyme A, U/ml Awsion/Aemz | time NADPH,
min

BM3 0,15 £ 0,01 1 705
F1-BM3 0,54 + 0,05 3,5 132
F2-BM3 0,88 + 0,04 57 811

0,05M NaPB pH 7,5, 0,3 mM naphtalenea, 0,15 MM NADPH




Test conversion

Activity with octane (0,05M NaPB pH 7,5, 0,3 MM octane, 0,15 mM NADPH). Time — 15 min

Enzyme A, U/ml Asusion/ Asm3 Conversion, %
BM3 0,39 £ 0,02 1 3,0+0,5
F1-BM3 0,87 £ 0,02 2,2 34 +2
F2-BM3 1,03 £ 0,03 2,6 49 £2

Activity with decane (0,05M NaPB pH 7,5, 0,3 MM decane, 0,15 mM NADPH) Time - 15 min

Enzyme A, U/ml Asusion/ Am3 Conversion, %
BM3 0,23 +£0,02 1,0 2,0+0,2
F1-BM3 0,40 + 0,04 1,8 4,0+0,5
F2-BM3 0,46 £ 0,02 2,0 50+0,5




Converstion of Myristic Acid with
NADPH regeneratio

(=24
(=3

e
3

2 mM NADP*1,5 M HCOONa
10 minutes

Room temperature

200 UM substrate

50 NnM enzyme

e
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X

BF1 BF2 F1B F2B BM3 +FDH

All hybrid biocatalysts showed B 4-6 fold higher activity
compared to mixture of individual enzymes

Avtivity of system FDH-BM3 was higher than of BM3-




KneTkmn — cosgaHue «ugeanbHOro
bunokatanunsartopa»

boriee H1U3kasa cebecToMmMmocCTb Mo
CpaBHEHUIO C PeEPMEHTaAMMU

«BocnpounsBoanmbin» bnokatanm3aTtop

OTcyTcTBYET Npobriema pereHepauunm
KodpaKkTopoB

[lelneBoe ncxogHoe chipbe




KneTtkmn — cosgaHue «xuaearnbHOro
OunokaTanusartopa»

KynbTBMpoBaHue npu CenekTMBHOM
naBneHnm

benkoBas MHXeHepunsa PepMeHTOB,
y4yacTBYHOLMX B BMOCUHTESE

Genome fusion

Metabolic engineering

























Metabolic engineering

3amMeHeHne cyLecTBYOLNX
METabONUTNYECKUX NYTEN

Co3sagaHune HOBbIX




Increasing NADPH Yield

 Under aerobic conditions, isocitrate.dehydrogenase supplies 2.0
equivalents of NADPH per glucose molecule.

 Additional NADPH (2.0 equivalents per glucese molecule) might
be obtained by increasing flux through the pentese phosphate
pathway.

Glucoser—> Glucose-6-phosphate

| 2 NADP*
¥ Pentose

Glycolysis < Fructose-6-phosphate > phosephat

ll 2 NADPH p atiiwey

L Glyceraldehyde-3-phosphate

ll 2 NADP* 2 NADPH

Citric
Acetyl-CoA \—/‘» CO, " acid cycle




Obecne4yeHne OOAONMHUTENBHON SHEPTIUN KIETOK
C NOMOLLIbIO bopmuaTaerngporeHassl

dopmMmaT-uoH — UHIMOUTOP PoCTa KNETOK — MOXET
NCMNOJSIb30BaTbCS KaK CENEKTUBHbLIN MapKep Ans
COXpaHEeHUsI TONMbKO KMNeTOoK C nnasmMmugamu

dopmMmunaT-moH — aelleBbiv cybeTpar

dopmmaT-noH — NErko NPOHNKAET B KNETKY C
MOMOLLIbIO MACCUBHOrO TpaHcnopTa

OpaHa mornekyna doopmnaTta obecnevnBaeT
nonyyeHune ogHou monekynsl NAD(P)H — 3
monekynbel ATP

[TpoaykT okucrnernusa popmmarta — CO, — He
3arpsaA3HLaeT LeneBon NpoayKkT 1 nerko yaansieTcst u3
cpenbl




Bbixog buomacchl kneTok E.coli npw
KyNbTMBMPOBaHUK Ha popmmuaTte

LTamm E.coli

dopmuar,
4 x 0,03 M (2 r/n)

Bbixoa 6buomaccil,
/n

E.coli BL21(DE3)

E.coli BL21(DE3)

E.coli
BL21(DE3)/pFDH8

E.coli
BL21(DE3)/pFDHS8




CMNACUBO
3A
BHUMAHUE!!!




