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lVOOUAIVN

% ZNUAVTIKA TTPWTEIVN TOU JETAROAICHOU
% Diabetes mellitus

< Tumou I: Aev mapayetal KaBoAou tVGOUAivn
YEVETIKO untoBabpo, 10yevig, N autodvooo

% Tumou ll: Meliwpevn mapaywyn tveouAivng n mANPNg EAAEIYN
2uvnéng oto oUyxpovo MOAITIOUO, AOYyw EAAEIYNC AOKNONG KAl KAKNG
01atpong

< 2TATIOTIKQ:

% 2014: 422 ek. avBpwmol nacxouv amno otaBntn - mnepinov 90 % toumou Il
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lVOOUAIVN

1921: O Banding ka1 o Best avakaAuwav tnv IvoouAivn
(oTo ykpouTtr Tou J. Macleod)

1923: MNpwTn dokiun o€ d1IaRNTIKO (epappoyny atrd 1o 1928)

Insulin Extrzfalz%llular Insulin binds to tyrosine
kinase receptor.

Receptor phosphorylates
| insulin-receptor substrates (IRS).

Second messenger pathways
GLUT- 4/\r alter protein synthesis and
existing proteins.

4 Transo >
! actnvuty Membrane transport

is modified.

Enzymes 4 or ¥ )
Cell metabolism is
OJ changeds i 9eon yAukoydvou
@ﬁ:{gg@ [AukoAuon
— PUSLION AUTOAUTIKWV ovoraTiwy
Mapaywyri toyAukepiblwy Charles Best

Second
messenger
pathways

Nucleus

Transcription
factors
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lVOOUAIVN

— Primarstruktur von Humaninsulin
A-Kette

Gly-lle-Val-Glu-Gln- Cys Cys-Thr-Ser-lle - Cys Ser-Leu-Tyr-GIn-Leu-Glu-Asn- Tyr-Cys-Asn
1 2 3 4 5 & 7 8 9 0N 12 13115 16 17 18 19 26 2

B-Kette
Phe-Val-Asn-GIn-His-Leu- Cys Gly-Ser-His-Leu-Val-Glu-Ala-Leu- Tyr-Leu- Val -Cys-Gly- Glu:|

1 2 3 4 5 6 8 9 10 1M 12 13 14 15 16 17 18 19 20 21

Thre<Lys<Pro<Thr<+Tyr<Phe<Phe<Cly<+Arg
30429 28 27 26 25 24 234 22

C-terminales Thr kann mit Carboxypeptidase Y, das Octapeptid mit Trypsin, abgespalten werden

H ivoouAivn BpiokeTal wg Jovo-, OI- Kal ECaUEPEC.

pH, IOVTIKA KOTAOTAON KAl GUYKEVTPWON ETTIPEACOUV TNV
KAaTdoTaon OTNV OTToia BpioKETAl

[MapAyeTal OTO TTAYKPEAG WG ECAUEPES
[MpwTEC EQAPPOYEC ME IVOOUAIVN ATTO X0ipoUG Kal ayEAADEC

[Mapouoia dpaacn, aAAd TIBavOoTNTA AVOCOATTOKPIONG

2
o Bon

— Raumstruktur

braun:
A-Kette;
blau: B-Kette;
gelb: Cystin-
Briicken;
rot: Austausch von Ala3?
(Schwein) gegen Thr3? (Mensch)

Schweine-Insulin bei 0,18 nm Auflésung

(9INS)
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BioouvBeon ivoouAivng

signal
peptide B chain C chain A chain
N g I A—__ 1d
T preproinsulin
B-KUTTAPQ OTO TTAYKPEQG o | Skt pepids
‘EKKplion OTO 8V60‘|‘|‘)\G0‘“GT|K6 GEEEESS——— 4 // A——-————
proinsulin
, , , / , disulfide brid
OIKTUO MEOW avayvwpIong TTETITIOIOU ONuavong (24 AA) | glunce bridge
L1 V4 14 r [ cut
[MpoivoouAivn atroBnkeueTal oTo cUPTIAEyMa Golgi l
Orav kotrei n C-aAucida £Xouue TNV W T2

WPIMN IVOOUAIVN

removal of the

AUOKOAO TTPOIOV YIa va TTapaxBei aueca ota Bakrrpia C chain

, , , , EEE————
[Maykoouia atraitnon: 5-6 Tovol/xpovo s 3

S S
CEEEEEmE—. insulin

Figure 8.24 Introduction to Genetics (© Garland Science 2012)

s " o
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1N MEBODOG novo nordisk’

alanine threonine

Glu Glu Glu '|
Arg22 Arg 22 Arg ‘
Gly <——— Trypsin Gly Gly
Phe Austausch des C-terminalen Phe Phe
Phe Octapeptid Phe Phe
Tyr Tyr Tyr
;:;28 Carboxypeptidase Y [T):: 'T)l:(; B A o
lys Austausch des C-terminalen lys lys = humaninsiin
The 30 Alanin gegen Threonin | A Ala30
Human- 30 30 Schweine- Rinder-
insulin Thr= =% Ala insulin insulin®

*zusatzlicher Austausch von
2 Aminosauren in der A-Kette

H Boeia ivoouAivn gival o dDUOKOAN va 1) Méwn pe Bpuwivn

METATPATTE 2) MeTeaTepoTToinon ye

MeyaAuTepn dlaBeaipdTNTa XOIPIVAG kapBofuAtreTmddon Y o€ 55% DMF
IVOOUAIV 30 00 6 i
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bakterieller
Promotor f p-Galacto-

sidase-Gen

B-Galacto-
sidase-Gen

Insulin- Insulin-

-4 S A-Ketten-Gen ~_B-Ketten-Gen
Ampicillin- PO Sascas . Y e
[eslofenzgen .

ATTaiTNON YEVETIKNG INXOVIKNG
—EXWPIOTA EKPpaon Twv aAucidwv A kal B

BeATioTOTTOINPEVA KWOIKOVIA VI EKPPACN gl et

o€ E. coli

‘Ekppaon wg Tpwreivn fusion 1 l
XNuUIKn agaipeon “¢Evwyv apivotéwyv” (CNBr) R P oy e i el
O&e1IdwWTIKA AUGN OICOUAQIDIKWV @-’-‘f"ff@ @&m
Avapueitn Twv aAucidwv i l g l
AIGOUAQIBIKOT Beaiiof (O, pH 10.6) i L
MpokANCEIG: SEN Dot S e Bt
= N\A&Bo¢ dioouA@dikoi deaoi b O

Faltung der Ketten und
Oxidation der Cysteine mit Sulfit

) E)\XmO'Tr] EVaer'] |VO0U)\ivr] aktives Insulin
NH,, 00000000000000000000¢ COOH Disulfidbriicke
NH,, 00000000000000000000000000000C COOH

oy o , ,
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3" uéBodocC éfZey

1."Ekppacon trpoivoouAivng (B-C-A) og E. coli (mapaywyn w¢
ouoowUaTWUATY TPWTEIVWV - inclusion bodies)

2. 0&elbwtikn Avon SLtooUAPLOLKWY Seopwv

3.0¢eidwon ue oguyovo oe pH 10.6

4.Anuioupyouval cwaoToi OEoUOi KaBWC N TTPOIVOOUAIVN £XEI
owaTr) doun

5.A@aipeon TG aAuaidag C ue kKapPBoUATIETITIOAON B Kal Bpuyivn.

» TMAgovékTnua: YwnAn ammdédoon, kabapod 1Tpoidv

Bioreaktor Aufarbeitung Prozessierung ca.2,5g
40m>,30h Isolierung der 1. CNBr-Spaltung des Fusionsproteins an Methionin || Human-
bei 37 °C, } Einschlusskorper, } 2. Oxidative Sulfitolyse insulin/
C-Quelle, Abtrennung 3. Reduktion e
N-Quelle von Zellfrag- 4.Cystin-Briicken (O,, pH 10,6) 30h
menten 5. Trypsin/Carboxypeptidase B, C-Peptid-Entfernung [6]

s " o
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Signal- verkurztes i
Promotor gequenz B-Kette C-Peptid A-Kette Terminator

4th “é6060§ novo nordisk” Ex,,,'a;':m: )

von
Proinsulin

l Transformation

‘Ek@paon piag “pivl’ TTpolvooulivng o€

S. cerevisiae (N aAugida C pévo 3 AA) | l Transkiiption,
[MetrTidIo VIO €KKPION . PR : pon B Xetie
BeATioToTroinon Kwdikoviwy yia Ekppaocn o€ CUUN oo GOP06600 606 ¢ z

’ ’ A-Kette T
nswn HE epULIJIVT] ’-butylester
[MpooBnkn ue TNV Bpuwivn TG Thr 55% DMF, pH 66 \| Trypsinspaltung

v f“sz\wmo &—coon

MAcovekTAUATA: butyester

00050 4000000000 40 2000 4
= O1 mpwreaoe¢ Cuuwyv d€ KOBOUV TO TTETTTIOI0 l e

= H {0un umropei va kaver d1oouA@idikous OE0IOUS 16666 o ;_:,\ PO .m @—coon

===

= H ékkpion BonBa rov KaBapioud 000000 W 00 4004 oo
(10]

1y "W o
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[Tapaywya IvooUAivng

2TOXO0G: TTapAywya IVOOUAIvNG UE DIAPOPETIKO TTPOYPIA EVEPYOTNTAG
O1 d1aBNTIKOI £X0UV DIAPOPETIKEG AVAYKEG

IvoouAivn apyng dpaong:

KaBinon pe weuddapyupo 1 TTpWTAMiVN

AAAayr) TNG aAAnAouxiac o€ pl=7 (IvoouAivn guoikou TUuTtTou pl=5.5)
AAANayn TNG IvoouAivng yia pgiwon TNG SIGAUTOTNTOG

IveouAivn ypnyopng dpdong:
Lispro amo Lilly; Aspart ano Novo

AANNayEC oTnv aAAnAouxia Pelvouy TNV TIBavOTNTA TWV JIMEPWV KA
ECAUEPWV

% w —
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[Tapaywya IvooUAivng

E 20 ’ I 14
E ig‘ aspart, lispro, glulisine ZUVKEKpLuEVEC 9808 LG ET[r]pEOLZOUV TOovV
215 | insutin SLuEPLOUO
£ 12 I NPH detemir
£ 10- l gl .
= g argine ’ , ' '
% 3 AladopeTikeg petaAacelc otnv WOLa B€on
g | Slvouv aA\o TipodiA
£ g ~ \ x P CI)
0 2 4 14 16 18 20 22 24 ;
Time (h)

Fast-acting analogues Long-acting analogues
Insulin lispro .l Insulin aspart ~ Insulin glargine . Deternir insulin

Nature Reviews | Drug Discovery

% w —
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Biocatalytic Asymmetric Synthesis of
Chiral Amines from Ketones Applied to
Sitagliptin Manufacture

Christopher K. Savile,* Jacob M. Janey,** Emily C. Mundorff,* Jeffrey C. Moore,” Sarena Tam,
William R. Jarvis,* Jeffrey C. Colbeck,® Anke Krebber,* Fred ). Fleitz, Jos Brands,?
Paul N. Devine,” Gjalt W. Huisman,* Gregory ]. Hughes®

1

SCIENCE VOL 329 16 JULY 2010 305

topy .., , ,
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[Tapaywyn oITayAITITivng

A Chemocatalytic

NH4OAc

F

F
N
N'\>:\N(\N

\\.s.-‘-wir -
s

MsD

2’—/‘

F,C
3 B Biocatalytic JdnUVlG 100 mg ‘ ’
i-PrNH, e
N~ N M/@ j transaminase/PLP '
28 Filmtablette!
N N Acetone F
FaC F 4
1. Rh[Josiphos]/H, (250 psi) O NH, AVTI U1T£pY)\U KOl ” IKO
2 carbon treatment to ;

N
remove Rh N \N(\N

R)
\
J\/\/@/ FC  99.95% e.e.
Ne
N
N,

N HPO,
F3C 97% e.e.

1. heptane/i PrOH\\
2. HyPO,

. - H,PO, i .
: i égGREEN
i-Pr = isopropyl N'N\ NJ\/\/©/ CHEMISTRY

F3C  sitagliptin phosphate
Savile et al. (2010) Science 329, 305-309
Desai (2011) Angew. Chem. Int. Ed. 50, 1974-1976

AvaaroAéag tng OITTETTTIOUA
TEMTTIOA0N -4

Winner 2010
EPA Presidential Green
Chemistry Challenge Award

1Y w —
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[Tapaywyn oITayAITTTivng

% OlI Tpavoapivaoeg dExovtal HOVo neBuAopddec otn MIKpR B€on
TTPOOOEONC UTTOOTPWHATOC

% AvETTTUCAV €va £VCUPO TTOU va OEXETAI TTPWTA TO PJEYAAO
UTTOKATAOTATN UE XPHON TTEPIKOUMEVOU UTTOOTPWHUOATOG

% 2€ 0eUTEPO PBripa, KAvav TNV €CENICN PUE TO KAVOVIKO A
A o UTTOOTpWUA B

RL\r s
NH,

@] (@]
NN o o)
N W 1'/\\) S F ﬂz . Nj/\N Transaminase N\(\NJ\/\ i
N
L€ 0.5-1 M VNS 0.5-1 g/L PLP }/N\/
F3C F,C
D A F i
0 (o]
,N~>(\NJ\/IJ}> NH, . 0
N N Transaminase ,N
s Ay i N\ O A
L \_FiC 0.5-1M F3C?/ 2 0.5-1 g/L PLP
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EcEAicn Tou evUpoU

[Substrate] Round Improvement
in g/l Assay changes identified over parenfr

Substrate Added Mutations

1 ATA-117 2 - N/A
1 G136Y 2 1a 6
1 S223P 2 1a 11
2 S223P 2 1a Not active
2 Y26H;* VB5A; V69G; 2 1b first active
F1221; A284G
I —
2 H62T; G136Y; E137l; 2 2 75
V199I; A209L; T282S
2 S8P; H26Y; G69C; 5 5% DMSO to 5% 3 9
M94l; H37T; MeOH; RT to
30°C
2 L61Y; C69T; Y136F; 10 05t01M 4 4
T2'1'37"E' iPrNH,; pH 7.5 to
pH 8.5
2 D81G; 194L; 196L; 40 5 to 10% MeOH; 5 1.4
T178S; L269P; 30 to 45°C
P297S; S321P
2 Y60F; L941; A169L; 100 10 to 20% MeOH 6 1.6
S178T; G217N; L273Y —
2 S124H 100 20% MeOH to 7 11
25% DMSO
1122M; H124N 100 8 1.1
I
Q329H 100 9 1.9
I
N124T; Y150S; V152C; 50 25 to 50% 10 2
H329Q DMSO; 0.5%
F— acetone
2 S126T 50 11 1.4

% w —
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2TATIOTIKA €¢eEAIicNG - 27
METAAAACEIC

4: 0pBoA0YIKOC OXeDIAOUOC MIKPNAG TTEPIOXNG DEOHEUONG

6: MetaAAagiyéveon Kopeouou B6éong otnv BE€on TTPOCdEONC
2: MetaAhaciyéveon KopeouoU B€ong o AAAEG BEoEIg

10: a1ro BIBAI0BAKES opoAoyiag (TTepiepyo, aAAa yiaTi;)

5: Tuxaia petaAAaclyéveon

ﬁ,zyme Mpwrteivikl MnxavikA | Ala@adveia 16

technology lab



A1GpopeC UEBOOOAOYIEC

Library type Rounds Utilized Variants Screened
Homology 3,511 4536
Random Mutagenesis 3.4.5.10.11 7476
ProSAR 3.4,5,6,7.8.9,10.11 11088
Rational design 5.8.9.11 1536
Site saturation mutagenesis 3.4.5,6.7.89.11 11844
36480

Total

s " o
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XPOVOAOYIO HETAOANACEWV

[Substrate] Round Improvement
Substrate Added Mutations’ ing/l Assay changes identified over parent’
1 ATA-117 2 - N/A
1 G136Y 2 1a 6
1 S223P 2 1a 11
A Q ) 2 S223P 2 1a Not active
.
L
F
B o0 o Mo tnv geTaAAagn S223P:
N . . . . .
C‘*@ s | This mutation could be either increasing the
L5 hydrophobic interaction with the THTP group and/or
D
o o iy : e
P I stabilizing a loop in the binding pocket. The next most
J N S improved variant from these libraries, G136Y, appears
L 3

to be increasing the hydrophobic interaction with the
THTP group.

ﬁzyme Mpwrteivikl Mnxavikn | Alagdaveia 18
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[Substrate] Round Improvement

Substrate Added Mutations’ in g/l Assay changes identified over parent
2 Y26H;* V65A;* V69G; 2 1b first active
F122l; A284G

The variant identified with activity toward pro-sitagliptin ketone was from a
small pocket combinatorial library designed to expand the small
pocket and accommodate the trifluorophenyl group. This variant had
three programmed mutations (V69G, F122I, and A284G) as well as two
random mutations (Y26H and V65A). The three programmed mutations
appear to be creating sufficient space to accommodate the trifluorophenyl
group. The random mutation Y26H was in an unmodeled portion of the

enzyme and V65A was at the dimer interface.
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X [Substrate] Round Improvement
Substrate Added Mutations in g/l Assay changes identified over parentT

2 H62T; G136Y; E137I; 2 2 75
V199I1; A209L; T282S

The next library combined all beneficial mutations from the large
pocket site-saturation mutagenesis libraries with beneficial
mutations from the small pocket combinatorial library. The most
active variant from this library added an additional small pocket mutation,
T282S, as well as five mutations in the large pocket: H62T, G136Y, E137I,
V1991, and A209L. The mutations G136Y, E1371, V199I, and A209L all
appear to be increasing the hydrophobic interactions with the THTP

moiety.
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[Substrate] Round Improvement

Substrate Added Mutations’ in g/l Assay changes identified over parent
2 S8P; H26Y; G69C; 5 5% DMSO to 5% 3 9
M94l; 137T; G215C MeOH; RT to

anNer

The entire binding pocket was subjected to saturation mutagenesis in
round 3. At position 69, mutations TAS and C were improved over G.
This is interesting in two aspects. First, V69A was an option in the small
pocket combinatorial library, but was less beneficial than V69G. [...]
Random mutagenesis generated two of the mutations in the round 3
variant. S8P and G215C. S8P was shown to increase expression and
G215C is a surface exposed mutation which may be important for
stability. Mutations identified from homologous enzymes identified

M94lI in the dimer interface as a beneficial mutation.
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[Substrate] Round Improvement

Substrate Added Mutations’ in g/l Assay changes identified over parentT
2 D81G; 194L; 196L,; 40 5 to 10% MeOH; 5 1.4
T178S; L269P; 30 to 45°C
P297S; S321P
2 Y60F; L94I; A169L; 100 10 to 20% MeOH 6 1.6

S178T; G217N; L273Y

Rounds 5-6:
194L, 196L, L269P, S321P, Y60F (highly conserved in homologous enzymes)
X [Substrate] Round Improvement
Substrate Added Mutations in g/l Assay changes identified over parentT
Q329H 100 9 1.9
2 N124T; Y150S; V152C; 50 25 to 50% 10 2
H329Q DMSO; 0.5%
acetone
Rounds 9-10:

Random mutation, Q329H, provided a significant performance increase in
round 9, but was found to be deleterious in round 10 when screened in 50%

ﬁzyme Mpwrteivikl Mnxavikn | Alagdveia 22
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AAN\a BEpaTta yia TNV €CEAICN

pH:
To pH augnBnke atrd 7.5 o€ 8.5 Kal £dwaoe 2.5 QopEC KAAUTEPN
OpaCTIKOTNTA

OesppoOKpaTia:
Av kai Ta évfupa gival otaBepa kal TTavw atroé 60°C, 1o TTpoIdV
ATTOOUVTIBETAI O€ BEpUOKpaTies TTAvw atrd 50°C.

A1aAUTNG:

DMSO kai peBavoAn BpéBnkav ol KaAUTEPOI DIOAUTEC, AAAG OTN
MEBAVOAN dev pTTOPOUCE VA dIGAUTOTTOINBEI HEYAAN TTOCOTNTA
UTTOOTPWHOTOG

ﬁc e ——
enzyme Mpwrteivikl Mnxavikn | Alag@dveia 23
technology lab




[Tapaywyn oITayAITTTivng

[MepiAnwn BeAtiwong — MNapaywyikotnta: 275 g/ L
11 yupol e¢ENignG o€ 9 unveg (36,480 Evlupa pelethnOnkav ue HPLC)

19% peiwon ota cuvoAIKG aTroBANTA, aTTOPPIYN OAWY TWV BapEwv

METAAAWYV, UEIWON TOU OUVOAIKOU KOOTOUG TTapAywyNnG, Ogv aTraITEl €I0IKO

£§OTI')\|0'HO Chemocatalytic route )
- 79% yield
1. NH,OAc
2.H, (250 p.s.i) :
F [Rh(CODJCI, + i F Sitagliptin
F (R.5)-t-Bu-Josiphos
o o , NH, O
MeOH, 50 °C :
N/\lv,’...-N, 3. Carbon treatment N =N
. k/N 4N 4. Free-base crystallization F =899.5% e.e. I\/N \-f“
Prositagliptin CF, Enzymatic route OFs
amine transaminase
il - 92% yield

|sopropylamine

ﬁc w e
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Olefin Cyclopropanation via Carbene
Transfer Catalyzed by Engineered
Cytochrome P450 Enzymes

Pedro S. Coelho,** Eric M. Brustad,** Arvind Kannan, Frances H. Arnold*t

SCIENCE VOL 339 18 JANUARY 2013 307
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AvaTtrtucn véacg “Bloxnueiac

AvaTrTugn evUUOU TToU KATOAUEI avTIOPAOEIC KUKAOTTPOTTAVILWONG

KATA TTPOTIiUNON ACUMUETPA

(oTn uon uéow TPOOONKNS 0Aspivng aro uebulokariov tou SAM
N KukAotroinong diuebuAoarAuAo TTupopwao@opikou)

Metarpotrl P450 woTte va peTa@épel KapBEvio

Monooxygenation (oxene transfer) Cyclopropanation (carbene transfer)
| 0 et [ COOEt
N-||——=N —|I—=N
R \| i
R™X FelV / X / FelV /
or N/ | >N H,O / N,
R [
“H A - S\
Compound |
A N N O, + N N
AR 2 COOEt
R o \Felll// NAD(P)H A \Fe"// M
H 21N +H R “cooet NI N,

s " o
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[Tola N AoyIk TNG €CENICNG;

» MNoppupiveg pe oidnpo (WS opYavOKATAAUTEG) ITTOPOUV VO KATAAUCOUV
KUKAOTTPOTTIAVIWOEIC JE METAPOPA KapPBEviou

» AlgAoyn TTPWTEIVWYV QNG TTOU JTTOPOUV VO KATAAUCGOUV QVTiOTOIXN
avTidpacon o€ vepo (ME 5% peBavoAn).

» 2TUPEVIO KOl alBUAeoTEPAC TOU BIalWOCIKOU 0EEO0G

= |)L0Et
styrene @f\ + @ﬁ EDA

_ catalyst |(0.2 mol%)
cis trans

A A
[ 1V |

I,

Ph ‘COOEt COOEt Ph" COOEt Ph

% w —
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ATToTeAcopaTta dlaAoync evCUUWY

o 0.1 M KPi pH 8.0 S/A{r s/Ays
5% MeOH Ph COOEt Ph “COOEt
Q/\\ + H)LOE'[ + catalyst 10 mM NayS,04
N -~ *
zll\ll Anaerobic H_A_S FFA{F
Ph"  “COOEt P YCOOEt
30 mM 10 mM
AvaepopLa, Tapoucior avaywyLkou cis trans
catalyst axial ligand E;ﬁ' ;’:;i;lﬁ TIN cis : trans* %ee cisl %ee transt
catalase O-Tyr 0.16 0 - - -
CPO$ S-Cys 0.40 0 - - i
HRP N-His 1.00 9 7:93 8 -7
eyt e N-His. S-Met 1.00 19 6:94 0 12
Mb N-His 1.00 43 6:94 -1 2
P450gm3 S-Cys 0.20 5 37 - 63 =27 -2
hemin - 0.20 -1 0
Agpofia, anovoia avaywywkoU (Lovo evepyo)
P450g\ 3 S-Cys 0.20 0.4 46 : 54 -46 36

enzyme

technology lab
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AlaAoyn JETAAAQYUATWYV

@epMIKN atrodIATacn - TTPOPIA oav TNG EAEUBEPNC AINivnG

P450 % yield* TIN cis : transT %ee cis? %ee transs
WT 1 5 37:63 -10 -9
WTEFS7A 1.2 6 37:63 26 -6
H2A10 334 167 60 : 40 -95 -78
H2-4-D4 41.2 206 53:47 -79 -33
H2-5-F10 58.8 294 16 : 84 -41 -63
C2CI12R1 1.6 8 36 : 64 45 |
C3E4R1 1.6 8 43 : 57 51 -7
X7R1 24 12 33:67 23 -4
12 R1 6.2 31 17:83 9 -2
C2E6R1 4.6 23 27 :73 25 -6
C2GY9 R1 48 240 9:91 10 -2
7-11D 32 160 35:65 -22 -18

enzyme
technology lab
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PoAoc Twv Ala

cis :

P450 (Holo) (L75A|M177A |L181AI263A|T268A|L437A|TTN trans* %ee cisT | %ee transt|Ts, (°C)
9-10A TS F87V | No No No No No No 7 35:65 -41 -8 59.5
9-10A TS F87V Yes No No No No No 5 42 : 58 -59 -11 52.3

L75A
9-10ATS F87V .

LISIA No No Yes No No No 5 41 : 59 =27 -7 533
9-10A TS F87V )

163A No No No Yes | No No 8 29:71 -31 -39 554

9-10A TS F87V
T268A (BM3-CIS)

BM3-CISI263A | No No No Yes | Yes No |[190(f19:81 -62 -91 54.0
BM3-CISL181A | No No Yes | No | Yes No |159| 56:44 -92 -94 508
H2A10 Yes No Yes No Yes No |167| 60:40 -95 -78 48.9
BM3_I(§SS3ESIA No No Yes | Yes | Yes No |[203| 14:86 -46 -95 50.9
BM3-CISL181A )
L437A No No Yes No Yes Yes | 180| 27:73 -74 -98 48.4
BM3-CISL181A .
1D63A TA3TA No No Yes | Yes | Yes Yes |218|8 9:91 -55 -96 48.2
4HS Yes Yes Yes No No No 7 32:68 -9 0 494
BM3-CIS I263A .
L437A No No No Yes | Yes Yes |267| 16:84 -59 -89 504
H2-5-F10 Yes No No Yes | Yes Yes (294 16:84 -41 -63 47.5
H2-4-D4 Yes Yes Yes No Yes Yes |206| 53:47 -79 -33 46.4

s " o
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Site-saturation mutagenesis
2.€ 5 BEocIC evepyou kEvTpou: L181, 1263, A328, L437, T438

P450yeme yield (%)* TIN cis : trans’ %ee cist %ee trans’

BM3-CIS 57 286 71:29 92 88
BM3-CIS-L181G 47 234 5941 -89 290
BM3-CIS-A328G 37 186 83: 17 52 45
BM3-CIS-L437F 53 265 53 : 47 -82 -85
BM3-CIS-L437Q 30 148 53 : 47 73 87
BM3-CIS-L437G 58 290 5446 88 9]
BM3-CIS-L437A 39 194 38:62 84 11
BM3-CIS-T438A 54 273 91:9 -92 75
BM3-CIS-T438G 15 78 73:27 87 -59
BM3-CIS-T438S 59 293 92:8 -97 -66
BM3-CIS-T438Q 41 206
BM3-CIS-T438P 32 161 90: 10 91 50
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AvaTrTugn “veag Ploxnueiag”

1le263
2TOX0G N avTidPAOTN KUKAOTTPOTTAVIWO NG XWPIG . x"

TTAPATTAEUPEG AVTIOPATEIG

MeTdAAagn C400S

a Native P4s0, MNon-natural
monooxygenation B cyclopropanation
OH,
Dithionite + O —_ "
ionite + Oy N | - E* girionito 450 - M Cyclopropanes
X l /‘,/ |e / Efficient reduction 400 - I Styrene oxide
350
QP\“ 4
0 y %H e 300 4
E® Fa—cars{"—:w N.ﬁD(P}H
=N / ~ 250
Few f / | ==
R Fd RN = 200 1
é\ P11 150 -
o OH, X-5.0 100
NAD(P)H + O, N— N T cooa .
A ) g + wal F .
R 21N Efficient reduction 0-
N———N N2 5 © © o
' e T L £ &
“Ser FF L2F LF LF
E*'ra.s0r > E¥ NapipH Qb?’g?.f\@g) qbi"g v Qb:\?-.‘??z Qt;\ v
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Lyases
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Catalytic promiscuity

Baoikn épguva:

TTWG £CEAicoOVTAl OI TIPWTEIVEC;
TTWG dnNMIoupyNBnkav T00EC KaTnyopieg evCUUWY,;

branch to HNL AEST

\ RCEST

HbHNL
HNL1+ ESTS EST2_ psEST
MeHNL ) Q EST1

SABP2

conserve esterase

transition to HNL

ancient
esterases
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enzyme MpwrTeivikA Mnxavikn | Alagpdveia 34
technology lab




KaTtnyopieg evOIapEPOVTOG

2 hyd itril
esterase ydroxynitrile
OH O M+ H20 —___L_‘--.. )J\ ®+ H® |yase
o A 7< = )-k + H-CN
+ HO-Me MEO
/
Ar N_Leus? ITEP! Sero
Ser80 A “ ,,H \O_.
\\ r O’ Hf ’—2 .
\/>$ “H H-N SN H™ " Thrid
Mo 0 Ny H s
N \N:J [ |A|a"|3 - <_9
)::/ Ve His235 h,_
His238 3
Ly3236\/\NH T
branch to HNL AEST @ 3
RcEST
RsSEST
transition to HNL SABP2
conserve esterase
4.1.2 ancient 3.1.1

esterases
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Mnxaviouog

A10QOPETIKOG NNXAVIOHOG oTa dUO EvUuua, TTOPA TNV
TTapouola doun (a/B udpoAaoncg):

Eotepdoeg: akuAo-£vCUO EVOIAUETO, TUTTIKR UOPOAUCH UE OEPIVN
HNL: unxaviouog og€og-faons Xwpic evolaueco
A10QOPETIKA O1EUBETNON UTTOOTPWUATOG OTO EVEPYO KEVTPO

NMwg TpoABav o1 HNL aTré Ti1¢ e0TEPAOEG;

1Y w —
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ECEAIKTIKO OEVTPO

M. tuberculosis C-C hydrolase
+7 P, euphratica
100 —— F. trichocarpa
i ; g1 ——J. curacas
EO'TIGOT] O-Tlg G/B U6p0)\00'8§ ——R. communis  esterase (RcEST)
[avw atré 60.000 TpwrTeiveg 77 N syestrs
100 —— 8. tuberosum
, ” g1 ——S. patens
OI H N L O“OIGCOUV “ € (pUTIng —— S. lycopersicum methylketone synthase
eotepdoec (>40% opoAoyia) i} or —C. canephora 0 00/1a%°)
88 @— R. serpentina  polyneuridine .;ldehyde
H eotepdon ammd A. thaliana £xel oo — . tuberosum o o° (FEST)
6 p H N L ’ —— N. tabacum methyl salicylate esterase
KAl OpACTIKOTNTA , TTAPOTI o @m s (SAEP2)
Ogv ONUIOUPYEI TETOIEG EVWOEIG. . E. salsugineum
100 75 — C. sativa
I_I péB)\strI 4 “Trp OYéva" @ ——A. thaliana esterase (AfEST)
100 B. montanum  hydroxynitrile lyase

100 ——H. brasiliensis  hydroxynitrile lyase (HbHNL)

——M. esculenta  hydroxynitrile lyase (MeHNL)

1Y w —
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Opol6TNTa aAAnAOUXIWYV

% ID to % ID to
enzyme construct origin” HbHNL SABP2
HbHNL Hevea brasiliensis 100
MeHNL Manihot esculenta 76 41
HNL1 max parsimony and 79 49
likelihood
HNLI-ML maxmum likelihood 75 51
HNL1-NJ  neighbor joining 79 50
Max parsimony anc
likelihood
maximum likelihood
EST3-N]  neighbor joining
EST2 max parsimony anc 48 71
likelihood
EST1 max parsimony and 49 70
likelihood
AtEST Arabidopsis thaliana 47 50
RcEST Ricinus communis 21 28
RsEST Rauvolfia serpentina 41 56
SABP2 Nicotinia tabacum 44 100

1Y w —
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KaTaAuTIKO TTPOQIA evCUHWYV

( acetone cyanohydrin

mandelonitrile

aldehyde

lyase
EC41.2 2-hydroxypentanenitrile

2-hydroxyhexanenitrile

lactonitrile

|_ 2-nitro-2-phenylethanol

4 methyl salicylate
ester 1-naphthyl acetate
hydrolase 2-naphthyl acetate
EC 3.1.1 methyl mandelate

methyl pentanoate

_ 4-phenylbutanolide

10,000 min-" ZZE-2E55E 005288
100 min- $§3Z2zThHpuwulgg =
I S £ T o w v © @
1 min-!
0.01 mir modern ancestral ancestral ~ modern
0.0005 min-! HNL's esterases
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