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High Throughput Screening and Directed Evolution of Tyrosine Phenol-Lyase. Choi, Su-Lim', Eugene
Rha', Do Young Kim', Jae Jun Song', Seung-Pyo Hong?, Moon-Hee Sung>®, and Seung-Goo Lee'*. -
"Laboratory of Microbial Function, KRIBB, Daejeon, Korea, Bioleaders Corporation, Daejeon, Korea, 3Kookmin
University, Seoul, Korea — Rapid assay of enzyme is a primary requirement for successful application of
directed evolution technology. Halo generation on a turbid plate would be a method of choice for high
throughput screening of enzymes in this context. Here we report a new approach to prepare turbid plates, by
controlling the crystallization of tyrosine to form needle-like particles. In the presence of tyrosine phenol-
lyase (TPL), the needle-like tyrosine crystals were converted to soluble phenol rapidly than the usual rectan-
gular tyrosine crystals. When an error-prone PCR library of Citrobacter freundii TPL was spread on the turbid
plate, approximately 10% of the colonies displayed recognizable halos after 24 hours of incubation at 37°C.
Representative positives from the turbid plates were transferred to LB-medium in 96-wellplates, cultivated
overnight, and assayed for the enzyme activity with L-tyrosine as the substrate. The assay results were approx-
imated to be proportional to the halo size on turbid piates, suggesting the screening system is directly applica-
ble to the directed evolution of TPL. Actually, two best mutants on the turbid plates were identified to be
2~2.5 and 1.5-fold improved in the activity.
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Tyrosine phenol-lyase(TPL, EC 4.1.99.2)= €| 2415
L} 3 FHARC R REElRe o AR, 22 73R
58 As5d AhE Aske pAIFHNE e 84
2A, vpofal wlES ohulxeAl 9l f=A] g4 © Esllell
ol 42 4= 3le[2, 6, 8]. TPLS 53] & X8AQ L-
DOPA, HH =55 ¥ A 8A1Ql Bl2Ale) 45 AT A
g4 AESVEE o845 glor, BRAlE i E2=
ZA7LgE Wi R oA wl¥3Y Citrobacter freundii, Erwinia
herbicola 52} AW v|AE3} Symbiobacterium toebii 52
324 mAE wiFYo A F2 =] ST, 4, 7).

T FAAE chilsle] Edrle] B go|BEEE Al
Z3 AES FAo] AR EdelE ES53 e
FA}#187)% (directed molecular evolution)e] &JFF7H, A
st o) S ¢S A AESHivles] A
o de] o] 8= QHH[5]. ole3t W FARIE el &
HA4 9l A 8- HslM e W o] -FLUPCR(error-prone PCR),
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DNA £ (shuffling) 5 frdxhde| ste]ue{g]e] Az
&3} 7, FHFAE 53 SdHeAE 7 i
3] {3t Eet 7] shdbe] A og Q9]

Iwanori 52 2% E|2A13} 0.85%2] 4-ofn|gle]=]zl
(aminoantipyrineyg FHFIiA|ol| AH718E3L TPL &Adel 2J3}
of E]2Al0] B35 oiA veh = A4 £ 3k(red haloyE
HAFgo 2 AQelA Fe|gt n|YE2FE TPLEAY S &
AgE vt Qleh3]. eyt o] HhH2 w2 o] ElRAls A
7V HE2 frggto] JAET|7A] FA|Zke] A8 F a1
44 El2ale) Fal7l e ZsPFeofrt g mehA,
J140] Aekbd HAS 9= Wk Bxpzl gl Tl A
4317] ojelg- el sl

E =FolME 384 El2AS wiAlel A AHrkshe |
S dalsled, MEFA ] A2 2144 F89) (cosolvent)]
El221S e R S3A17| 3L, FahR] A wlA] B]24]
AR S HEATIE A2 S A 83l TPLEA S &
DA AR A2 TERAN)EE ANdslaat sl
o] o F Ax3} n|A| B]2A AAA= TPL EAel 9
sl A Bl F 7183 Bk opel, BrAlE VS Y
ele] AAS AMglER 3 AREETT Folr W E|2A]
EME A B5 HIA (turbid plate)E FAsH= A
o] 71 =%
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gz ¥ Edtanl=

K5 §HA} 222 Escherichia coli DHS0E &5
2 o] 83153, 3FA1A dd #HE]el pHCEIB(Bioleaders,
Korea)g AMS-31= Aol A &3 whiAl o) Bl f-
2]8y  Escherichia coli JM83(F~ ara A(lac-proAB) rpsL
(St @80 dlacAflacZ)MI15] thiyS A8t 23 9A
4] wiefll= 100 pg/ml YA (Amp)yS 31 Luria-
Bertani ¥l A|(LB, 10 g of tryptone, 5 g of yeast extract,
10 g of NaCl per liter)& AM-3}31c}.

OlMl EIZN &R E5Y HIHEX|e] M=

Dimethylsulfoxide(DMSO)2} 2 N $JAHS &3t Lvljof
El2A1E AH71elal, 14]2F oA mnksled, 400 mM E] 24
L8S Az AHH o2 €]2A) 49 100 m= BE
Al(Sigma, USA) 7.24 g, dimethylsulfoxide(Junsei, Japan)
75 ml, 2N 94k (Junsei, Japan) 25 miE F-H3tgde).

LB-gEui Al A] Bl24lE AA HEA7le E5Y 3
wjz]9] A 2E oheat o] A=}, WA LB-FHIMA]
2 g7 F, 4 FEAN 55°07) HEE L5 2y
L, 120 9] 5 El24] 448 718 F NaOHE A}
43l pH 72 EAFAT. oA mix|e] AFol 7R
UEF A3 IRFEIEA] SEF 55°CeA] 45°CR A
713 vt 24 AA o] wiAlAM ok S EFE 515
o v ZA B2AE e 25 A 3y 39
Za 0] E(24x24 cm?, SPL, Koreayl| £5-3}3 431 2
=5 AlZski

EUHO| FAX 2fo|=H2| M=

A glolvezle] AIEE- 41813 Genemorphll Random
Mutagenesis Kit(Stratagene, USA)E- A}-&-3le] Wol-f2
PCRE T35t FHL2E ofn|Abl A& fA]3laA
AEA Ndel?] 283915 AAS Citrobacter freundii
#? TPL(TPL Ndel)& A3}, Aulsf Zelo|ME e 5.
CTC AAG ACC CGT TTA GAG GCC C, ¢uIs} Zajo]
HZ¥ 5-ATG CGT CCG GCG TAG AGG ATE AH4-3}
Gt #o] frt PCRZ, %A 95°CollA] 287 284 34
71 %, 95°CollX 3027 B8}, 55°Cl|lA 3027F primer
A, 72°ColM 282t DNA 3AWHS-& 303) uhEgho =4
A 5 o Eddo] YAE s3isidl. A4l PCR
AHE I 3FAlA E A E] pHCEIIB(BioLeders, Korea)ol|
Ndel&} HindllIE <28 02 2 2]3} 3, shrimp alkaline
phosphatase(Roche, USA)E. EIARIA|AM ARSIt F
Hl¥l =9 DNASH HEl e & ¥] 410 HA 4 F T4
DNA 2}o]A| o] =(Takara, Japan)E o] 4°CellA] 244]7} 6}
A7 F, AAEl] Edwo] glo|Befe] Azl o443t
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3 E 2 ¥ o] A (electroporationy> A7) F1]|3F A X9
DNAE 4iA A71FA(18 kViem, 25 uF)E 713 &
SOCHIA] 1 miE A7Vsted 37°ColA 130 ipmeE 147}k
woFate] pePsiolet. 1 whe] Al 23k bl o
el 2J3ted AaPstEt(11]. '

AA Ede] ghelueje]e] 3|4 LB-Amp J wiA|
(150x20 mm)ell TR F=7} °F 5000707} HA =d3ar
37°CollA 6717 wleFsl F AlBE 30°CE &7 tHA] 124]
ZhE o wicksle] dglem, Y E2YE 10 mle] BE
4 (storage buffer)>2 HEslo] 3)psigirh. BELA2
2xTY(15 ml), 50% A 29 ml), 20% EEZ3 ml) ¥
B3 mhE Aol AZ. 9 AR B 4R
(5000xg, 15 min, 4°C)3le] 58} HE LAZ H7}ale]
2% ODgoo?t 1000] HA H=hdt F A|8F 400 py ¥5
sl -70°Ce] Hasiglow, dF= DNAE E&lsle] -20°C
o] Hs}sict.

TPLEYo| &H

TPL 84 A4S B{3lE E coli IM83-E LB-Amp
WA & EF3 96-wellplate(Bioneer, Korea)ol] #&3}3
HT-MegaGrow(Bioneer, Korea)ellA] 37°Cel| A} 14A] 2} ik
spoieh. T F-2 wieky (35 plell T cellytic
B(Sigma, USAYE 7}3le] HEE &8I v, 71244
70 pl(2 mM ®B] 241, 20 uM pyridoxal 5’-phosphate, 50
mM Tris-HCl £+ (pH 8.0))& A 7}8}1, 37°Coll A 158
5ot AA Hkesle] sty TPLYRSof| 2 3te] A€
AEe] F2 1k 50 pkell 2] 0.1 N NaOHE 42 ¥
0.6% 4-aminoantipyrine 15 ul, 0.6% potassium persulfate
15 pis H7SRLL, el A 1082 A7) F- 490 nmel]
N FHEE SRS .oz A1), olatelA
TPLEA 1 unitE 1 F<F 1 pmoled] 55 A= &
49 & vepigis,

dn

&

b}
Kl

LS8 0/M EIZd &f S59Y TIEX|

5 H3biAeA £33 Bsle] TPLEAS
Nekshe WA BRI S |eS sl HsiMe HE
SAo] HomME E|2AE TFER Y 4 e )
o] AA o] Bt ol & fsted ThFdt A EFE
o} Z ZARRE A3} DMSOgF 2 N JAHHC)S &3k 3¢
“ll (cosolventyl] 84 El2AlE Arleta, A& og b
3= 79l 400 mM o]} FElA] E]2Ale] e AE
It o] 2 Eoll g B]2A gl =] oF 100
Hjol o]2x= ZH o2 DMSO7} u|AEL] HEAZ o] 45
T 5 AESAC] A2 EAYS Aeisbd, 2 d79] 53
o 2 Fgsle 8vliel Aoz waEgict. 20 mM gl 24l
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£ Ffshs LB sHuiR|9] x2S B3l vA E|2Al
A4S g YA $ QAL o] 5 o]83le] AEE9| ¥
2AE e B xS A3 oE Al zsigieh

ANAAIE Boled Axd el2A AL 9v)F B3
Az, 48 Bl24 AA o] HY Yol wksled(Fig. 1A), £
Aol Alzd 24 442 E(needle)d o2 FlE]
Aeh(Fig. 1B). UEHS AAe] A E14 e 3
T, W) AREEr)E %222 [wamori §[3]2] HH el wls}
of sul] o)A} ¥ FrolMx BFH JRE PA st

2 ¥, C freundii TPLAHEEF 0.04 unit)g 7}38led €}
24l 38 9 7HeE S et A9, A9 EHEA o
AR= 3AIZMMAIE A o] A1ESIS] 21 t(Fig. 2A), Y38 5
=9 YES gZAdME 1547 o] F AA o] A=A ¢k
Act(Fig. 2B), ©] A UEY E2A19] -5 EARR|
23t FallgErt A weA A 2 HeFe Aol

TPL 2XIZsE 2|8t HO|RUPCR 2lo]=2{2]

E QT /gl a&ebl7)eS C freundii 2 TPL
k] Wk Bxzlslel] A43)7) 9)3e] WHe]- R EPCR
o &gt Ede| glelBEe]E AlZ3Ic}. Eduel 4
A= FA1A w89 e o] pHCENBe 224 3113, E coli
IM83¢l| ARSI} TPLAAALY glo|veie]E Alxsiy
o}, o8] -3}l elelvele] Al AL ubEE dFE
7122 HAEE Heln] o] F Ex|xlsiadFoA gle] Bz

Az 7lvleE &85 givh AxH We| i PCR
gholBeje]d] F2 Pl JAASA 3]l g kst wy
42 M3 LB-AmpH st R)of] =dsled 37°ColAM 16
h wjeket 2] $F SA uhie o3 salsiedH.
AARS B3] Eol¥ F elolxeie]e] =)= oF 32,0007
Aqom, o] F 1018 FE2UE FAE Al F2Y
PCRE 433t A3}, tl ¥ TPL FAAE dhishe okde]
ghelHelE] 2 ElEgiv}.

o] {8 PCRoY &Jt Az} ¥olo] vl ol A3 FE
E AR Sty geluge2RE 1018 F2YE 7
Z912 Fsle] DNA Mg A8 A7}, Edwe] vl
1.377 kb & 2~693712A 1 kb 1~20 ou)icAke] Wiz}
ol 7122 A ZHT}. FAF Ho7) defvt A=
F- bl HFEA] G A Aol A S12A] BE e
el

=S5Y HIHXM TPLEo| &8 W DXEMY|E

C. freundii &l TPL A AE &= E coli DH5a
A7) v es Alzxgr B Rl AHE3lk, 37°C
o A 24A|7F “F<t wiksle], TPLEA S| I3t T3 334
< dElT. o A, A AT S AF ~E=A
(streak)8t 73-¢- ¥ ol 2 (Fig. 3A), A s|MU S =
date] veld @Y FEYIME At FEgie] HAH
oA (Fig. 3B), vl+| B124] 25 ghHirehe FahlA & At
43}e] TPLEAZ 7HHEHA A& 4 9le AR ElF
et

webA] B o] TEe)eS Al Edwe] ghelr
2i2]e] Aol o]-8-skalal siglet. SbA A8 TPLEfe| B
2f2lE W3 |24 =) (20x20 cm?pl] =8 37°C
AX 2417k b wiafEbEA 2] FHAA TR Y
S A A3 A= 10% S22 FHM FHE Y
o] FolEdet. FHEE epd 9ele] F24E AlHs)
of o] As HhA|e] RSk F, 24417F wioksle] A
E2v] 9 FHEE Fig. 4A0) vepfsich
7k F3E AR FA8P7] 918le] Image analyzer
(Biorad, USAYE ©]-8-3te] Hat wix)e] $dg Fodsjol e

rlo

]
|
|
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Fig. 2. Degradation and solubilization of L-tyrosine crystal by tyrosine phenol-lyase. (A) General column-type and (B) needle-type

prepared in this work.
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Fig. 3. Observation of TPL activity on L-tyresine turbid plate.
Halos surrounding (A) the streak and (B) single colonies.
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Fig. 4. Correlation of halo sizes and tyrosine phenol-lyase
activities. (A) Image analysis of L-tyrosine turbid plate and (B)
the proportional increase of halo size with the enzyme activity.

o, i F2ue] AR TPL S43) vjwgte 2, F13
o) z7|9} EAFA S ARATAE BAE A} Fhdv 1
3, Fig. 4Bell Vgl =e] Frigte] 24 A%d 3E
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SN PE AR EASEE A AAF A, vlA] B2
Al QAR NE A" k) =7)9 TPLEA o] AHH
Ql BFBA gl AR Fal=ct AR Hufz]o
A 71 ek FRks A8 F 7)ol EHelF(mTPLa,
mTPLb)E F-2]sle] El24] Bal|3d-S AAs 23, o
3o) vlste] zhzh 2~2.5u) 2 154 FU1E A4S B8]
I3l Ao golHgoh G7Md AL B8] £4
Wo| 922 g91gt A3 mTPLa®] 7% Asp2 717} glo]
Ao WolH I, mTPLbY] 7% 1le930] M=
Lys3280] o}27|] 22 WHo|dl o] FZ FHel=ic).
o Aol A AbH - mle} o] B do] TPL 3l A
9 L o] g3 FHH, i glelneE|2 e 84 &
e 3% A3 & 4 A Hel, TPLE 335k A
S 27y & 4 gl wal, TPLY & WolA v
olHZ oA FAlo] MAH Ho] EAE Feldh=d -4
a7 o] &E 4 glo], TPLY) uFaFA F-A}3 Sh(directed
molecular evolution) A7-ollA] f-83HA AH-2 4= 9ot
w3, TPLY BAE SAL FH3ke] =7]E vlasle] 34
Helx Bz, 71Fo] B4 ublol u|sf Azt v 4-& €5
5 29 4 9, g TPLF 2 U T BHS 9
sh= AlgS 820 skl H3sl 7eE SdEA o

2 o

2= sl =) (wurbid plate)] A2 WA, 2 N G4k
7} DMSOZ ZAJE F-4oljol P84 El241-8 400 mM F
=2 ol wix|o] I8}, 225 A3 U5 B2
AlS FAFEE AAIE fesl= Aol UEY B2
Al dub el ARFo| n)dle] o 5~6uf 2 FE]] 3.6
g/LlME B5m Frhilz] S A 2e ¢ glglon, BASA
o oJated FA FalE L, TPLEAS 2t I&5RA7|%
Aol AgFsledet. o] 25 FHZhujA|oll WHe]F E#PCRY
22 A|Z3 TPL glelB8ielE =43k, 9 24 74
oA GAHE= T3] Z7)9f AS8 TPLEA S B 2gh
Azt 2AA Q] v RAT) S-S Felisic) debA -
A B uAdAE Fh Ao A AA DA F &
A8l 93 Frgsle] 348 Aek Rasl= B 7] vt

2 29t 1184 TPLY Ful ¥ Wk BRI 58 ¢
g m&Eby)eed 43 A 4= Qv

ZMel 2

2 Q75 ARIARIY A PAIE Aiatele) o
FH] 22 (#10007946)0] 2J3le] T =S}
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