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2018 Nébel dij (kémia

ziletett:  1956. jUlius 26 Pittsburgh, USA

Sc: 1979 Princeton University
(gépész/Irmérndk) napenergia kutatds
PhD: 1985 University of California
(vegyészmeérnok) biokémia/affinitas kromatografia

1985-86:  biofizikai kémiai posztdoktori kutatasok ( Berkeley).
1986-: California Institute of Technology (1986- assitant , 1992-
associate, 1996- full professor).

[ nd Barbara Dickinson Professor of Chemical
Engineering, Bioengineering and Biochemistry
lgazgatd (Caltech - Donna and Benjamin M. Rosen
ioengineering Center)

Linus Pauling Professor of Chemical Engineering,
Bioengineering and Biochemistry

Tagja a Joint BioEnergy Intitute Tandcsadd TestlUletének és a Packard Fellowships of Science és
Engineering-nek, a King Abdullah University of Science and Technology (KAUST) elnoki tandcsado
testUletének, a Queen Elisabeth Prize for Engineering birdld testUletének. A Nemzeti Tudomdanyos
Akadémia (USA) Tudomany és Szérakoztatdas TestUletében segit a hollywoodi forgatokdnyviroknak
a tudomdnyos témdk pontos bemutatdsaban.

Tobb mint 600 kézlemény, 40 amerikai szabadalom tdrsszerzéje. Hivatkozdsainak szama 45 000,
H-indexe 115 felett van. O alapitotta a Gevo Inc.-t (2005-ben), amely Uzemanyagokat és vegyi
anyagokat dllit elé megujuld erdforrasokbdl. 2013-ban két kordbbi didkjaval (Peter Meinhold és
Pedro Coelho) 2013-ban megalapitottdk a Provivi céget, amely a peszticidek alternativdit kutatja
a ndévényvéedelemben. 2016-161 az lllumina Inc. genomikai cég igazgatd testUletének tagja.
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Kutatasi teriulete

Frances Arnold Uttoré szerepet jdtszott az enzimek iranyitott evolUcios
moddszerekkel torténd modositdsanak kidolgozdsdban. A mddszer segitségével
az enzimek funkcidi javithathatéak és / vagy azokban akar Uj funkciok
alakithatéak ki.

' Diversify Screen for activity )
Natural protein =————Jp - Random mutagenesis - In vitro selections = Evolved protein
- Targeted mutations - Cell-based screening
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Enzymes by Evolution: Bringing New
Chemistry to Life*

1 AATAGCCGTTATTTCCGGATGTGCATA
Frances H. Arnold GCTGATTTGACCCATCCGGTACACCA
ATDACAAATCCCGATTTGATCGTGTGC
GCGACATGTCTTCCGGCGACACATGT
GTCTCTCACTCCGAGAGATCGGTTAG
AGTCTCGGTTAACCACACGTCCCGGA
TATATTTAATTGGCCGGAGAGTCTCCC
GCGCGACATAAGGAGTCCTCGTTTCG
AGATACGTACGGCATGGTGACACCAG
TTGCCCTCTGATTCCCGGAGCCTCTTT
GAAAACGTCGAGTCGAATCGAAGTTC
GAACCCCGGATCGGGTCCACCAACTT

. 7 ° 7 [ 4 X3 . (4 ° i G T TC T
Az irdnyitott evolici®d a t6bbdimenzids "fitNESS” i cennrmorcon s

i tarkeé 2 Ari i i7QCios \AATCCCGATTTGATCGTGT
domborzati terkepen vegzett molekularis optimalizacios e

eljaras, ahol a "fitness” a felhasznalo altal definialt cacrcceacacarceart

7 . o ' GGTTAACCACACGTCCCG
hatast jelenti ‘AATTGGCCGGAGAGTCTC
'GTTATTTCCGGATGTGCAT
TGACCCATCCGGTACACC
JGGACAAATCCCGATTTGA
JGCGACATGTCTTCCGGCG ! - e
‘GTCTCTCACTCCGAGAGA ; =
iAGTCTCGGTTAACCACAC

' N

R

Waei

Fitness

° o 7

A felhaszndlé dltal definialt hatds lehet egy
javitott tulajdonsdg (pl. oldodszertirés,
magasabb héstabilitds) vagy akar egy
adott Uj tipusU enzimaktivitas

10. Jubileumi MedinProt Konferencia 2018.11.16.




MOLECULAR FRONTIERS JOURNAL | Volume 2 | Number 1 | 2018

Enzymes by Evolution: Bringing New
Chemistry to Life*
Frances H. Arnold’

Az iranyitott evolUcié a tobbdimenzids "fitness” domborzati térképen a

"sima” felfelé vezeté Utvonalakat haszndlja ki

(a few) random mutations select/screen for

(or recombination/site improvements
Saturatlon) 00078 ““’;
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Enzymes by Evolution: Bringing New
Chemistry to Life*

Frances H. Arnold’

Az "Ujdonsag” sokszor mar a természetben is jelen van. A
"promiszkuitds” igen sok enzimre jellemzd, igy ezek képesek "Uj”
reakciok katalizisére (bar alacsony aktivitassal).

Az Uj funkciok elérhetésége azon az (sokszor kicsiny) atlapolason
alapul, amelybdl ez a funkcié optimalizalast kovetden elérhetd.

A Native reaction : 1on

Catalytic activity

Region of Sequence space
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Nativ és Uj funkcio fejlesztése

Lomeghaijtas
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Exploring protein fithess landscapes nature
by directed evolution RUVAIONA] CELL BIOLOGY

Philip A. Romero and Frances H. Arnold ~ 866 | DECEMBER 2009 | VOLUME 10
protein’s sequence encodes its function by using iterative rounds of random

!! mutation and artificial selection to discover new and useful proteins. Proteins can

Darwin200 be tuned to adapt to new functions or environments by simple adaptive walks

Abstract | Directed evolution circumvents our profound ignorance of how a

l " Fitness]
Fitness

Sequence

Sequ@*
Az irdnyitott evolicié a tobbdimenzios A 10l nagy funkcié nélkili tér vagy a helyi
"fitness” domborzati térképen a "sima” minimumok kedvezétlen helyzete problémakat
felfelé vezeté Utvonalakat haszndlja ki okozhat az optimalizalds sordn
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VOLUME 86, NUMBER 18 PHYSICAL REVIEW LETTERS 30 APpriIL 2001

Dynamic Pattern Formation in a Vesicle-Generating Microfluidic Device

Todd Thorsen,' Richard W. Roberts,' Frances H. Arnold,' and Stephen R. Quake?

'Division of Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, California 91125
2Department of Applied Physics, California Institute of Technology, Pasadena, California 91125
(Received 9 January 2001)
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Evolved gene
(= evolved protein)

FIG. 1. Microfabricated channel dimensions at the point of
crossflow and photomicrograph of the discontinuous water phase
introduced into the continuous oil phase. Dashed rectangle in-
dicates area in photomicrograph.

A microfabricated fluorescence-activated

NATURE BIOTECHNOLOGY VOL 17 NOVEMBER 1999 1109 Cell Sorter

I \\ Anne Y. Fu'2 Charles Spence!, Axel Scherer!, Frances H. Arnold?, and Stephen R. Quake*



Tuning the activity of an enzyme for unusual environments:
Sequential random mutagenesis of subtilisin E for catalysis
in dimethylformamide

(peptide synthesis/biocatalysis /molecular evolution/serine protease)

Proc. Natl. Acad. Sci. USA
/ KEQIN CHEN AND FRANCES H. ARNOLD* Vol. 90, pp. 5618-5622, June 1993

Hibdra hajlamos PCR reakcidkkal véletlenszeri
mutdacidkat végeztek négy egymast koveto
ciklusban (mutacié - szirés - izolalds/szekvenalas).

A sziréseket 35% DMF / kazein ,plate” segitségével végezték.

Megadllapitottak, hogy a mutdacidk hatasa nem additiv.

A legjobb mutdns 10 mutdaciét tartalmazott és
256 x hatékonyabb volt 60% DMF-ben, mint a vad tipus.

—
CONCLUSIONS

A significant fraction of the catalytic activity lost by subtilisin
E in the presence of DMF has been recovered by accumu-
lating 10 effective mutations in surface loops surrounding the
active site and substrate binding pocket. The resulting PC3
subtilisin is almost as efficient in 60% DMF as the wild-type
enzyme is in water; PC3 also exhibits unique synthetic
capabilities. This result was achieved despite the fact that the
PCR mutagenesis technique can access only a limited subset
of all possible amino acid substitutions. Initial solutions to the

F1G. 2. Subtilisin structure showing bound substrate sAAPF-pna
and locations of 10 amino acid substitutions in PC3 subtilisin E
(structure is that of subtilisin BPN’).



Acc. Chem. Res. 1998, 31, 125—131
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Design by Directed Evolution collapse the time scale for eve

FRANCES_ H ARNOLD* | | An Evolutonary Strateqy
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namre

review articles

LB Combinatorial and computational
challenges for biocatalyst design

Frances H. Arnold
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Figure 1 Catalytic plasticity in a family of fatty-acid synthesis enzymes. A family of
closely related (~50% amino-acid identity) Fad2-desaturase-like lipid-modification
enzymes can mediate a range of functional outcomes. Enzymes: D, oleate

desaturase; H, oleate hydroxylase; E, linoleate epoxygenase, A, linoleate acetylenase;

G, linoleate conjugase. Yellow enzymes denote oxygen transfer; green enzymes
denote hydrogen abstraction. Red arrows indicate the number of amino-acid (aa)
substitutions shown to substantially affect reaction outcome™ ',
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NATURE | VOL 409 | 11 JANUARY 2001 253

A zsirsav-szintézis enzimeinek plaszticitdsa:

A Fad2-deszaturdz-szerU zsirsav modositd
enzimek igen hasonléak (>50% szekvencia-
azonossdag).

Alkalmassdg a DNS-6sszekeverés alapu
génvariansok elodllitasdra

2018.11.16.
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Figure 2 Molecular breeding by DNA shuffling. Diverse gene libraries for laboratory evolution can be created by recombination of related genes®'. This approach generates highly
diverse sequences, but conserves function. Improved or altered enzymes have been identified by screening such hybrid protein libraries.
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Enzymes by Evolution: Bringing New
Chemistry to Life*

Frances H. Amold’

Mechanizmus-inspiralt mutagenezis

A citokrébm P450 alapU oxigendz
enzimek Fe-O kotésrendszere
modosithatod

A hem protein egy onszervezédd, DNS-kodolt kirdlis
fémkomplex, melynek szerkezeti és elekironikus
tulajdonsagai mutdacidkkal hangolhatéak

Meg tudja egy hem
enzim ezt tenni?

Evolvalhato?

A Fe-karbenoid R.,, - R

intermedierrdl ﬁ
LA
]
Atvihets-e é
a karbén egy ~
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Mechanizmus-inspiralt mutagenezis

0
g ! A
Biological reagents C-H > C-OH - 2 F'e
+ Natural selection C=C - epoxide :
R,S = R,SO = R,SO, S\cys
RCOH - RH + CO. (and other
RCH,CH,R' = RHC=CHR' intermediates)
v
R\C R

Non-natural reactions z’,::g

C=C - cyclopropanes
Carbene X-H insertions
Sulfimidation
Aziridination

Synthetic reagents
+ Directed evolution

C-H amination
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@ LTI Hot Paper Angew. Chem. Int. Ed. 2014, 53, 6810

Improved Cyclopropanation Activity of Histidine-Ligated
Cytochrome P450 Enables the Enantioselective Formal Synthesis of
Levomilnacipran®*

Z. Jane Wang, Hans Renata, Nicole E. Peck, Christopher C. Farwell, Pedro S. Coelho, and

Frances H. Arnold*
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N Fe/
o 0 , M=
+ Ph ,._P.'ﬂJ
H\OEt \[HLNE'[E -
Ny His-ligated

P450-BM3

Old cytochrome, new tricks: Mutation of
the proximal Cys residue in the cyto-
chrome P450 enzyme from Bacillus
megaterium (P450-BM3) leads to highly

active, oxygen tolerant, and enantio-

EtO,C” N,
(His-ligated) P450

>

EtO

U NHqu
levomilnacipran

“CO,Et

selective catalysts for the cyclopropan-
ation of N,N-diethyl-2-phenylacrylamide.
Directed evolution of a histidine-ligated
P450-BM3 enabled the enantioselective
formal synthesis of levomilnacipran.
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ACS Catalysis 6, 7810 (2016)

Letter

Highly Stereoselective Biocatalytic Synthesis
of Key Cyclopropane Intermediate to Ticagrelor

Kari E. Hernandez, Hans Renata, Russell D. Lewis, S. B. Jennifer Kan, Chen
Zhang, Jared Forte, David Rozzell, John A. McIntosh, and Frances H. Arnold

,\‘
- 6@.- *BRILINTA.
1... E ticagrelor tablets
L F W

F ~ pe 'Yy EtO,C (Key intermediate)
+ ..... - - S— F F
S B. subtilis truncaled gobin

EtO,C”™ ©N, Y251 T45A Q494 99% trans, 99% ee prOV|VI
70% yield
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nature _ Enantioselective, intermolecular benzylic C-H
chemistty |3mination catalysed by an engineered

L]
iron-haem enzyme Nature Chemistry (2017) 9, 629634
Christopher K. Prier’, Ruijie K. Zhang', Andrew R. Buller, Sabine Brinkmann-Chen
and Frances H. Arnold*
(c) < -
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BIOCATALYSIS 1048

Science

Rma cyt c variant

25 NOVEMBER 2016 » VOL 354 ISSUE 6315

Directed evolution of cytochrome c
for carbon-silicon bond formation:
Bringing silicon to life

S. B. Jennifer Kan, Russell D. Lewis, Kai Chen, Frances H. Arnold*

Directed evolution increased activity 40-fold in just three generations

(o)
A Me
A H ) j])LOEt
\ /,J N2
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I: 1000 P
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500 E
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0 1 » o
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M100D M100D
M103E
Rma triple
mutant

Jennifer Kan and Rusty Lewis
Kan et al., Science 354, 1048 (2016)
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Osszefoglalds

> Frances Arnold munkdssdga és a rekombindns DNS tfechnologidk
fejlddése mara lehetdvé tette, hogy a természetes evolUcid mintdjdara a
fehériéket gyakorlatilag tetszbleges felhaszndldsi célra laboratériumi
korOlmények kdzott  évmilliok  helyett  rdvid  iddé  alatt  kivalasztott
tulajdonsdguk  vagy akdr  tulgjdonsdgaik  egyUttese  irdnydba
tovabbfejlesszUk.

irgnyitott evolUcid kivitelezhetd in vitro, vagy in vivo rendszerekben,
ezek egyUttes felhaszndldsaval, modszerei  alapulhatnak
tmutdaciokon, DNS keverésen, 0Otvozhetd szerkezet-alapu illetve
sZamitdgépesen segitett eljardsokkal.

Az iranyitott evolUcio az alapkutatdsban és az alkalmazott biotechnoldgia
szadmos terUletén egyardnt felhaszndlhatd, segitségével enzimek,
biokatalizatorok, metabolikus Utvonalak tulajdonsagai javithatdéak vagy
akdr természetben eddig nem létezd funkcidk hozhatoak Iéfre.
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