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Immunological Relationships among Fungal and Plant Phenylalanine
Ammonia-lyases and Bacterial Histidine Ammonia-lyase
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ABSTRACT : Phenylalanine ammonia-lyase (PAL) from the maize pathogen Ustilago maydis was analysed immu-
nologically to obtain insights into the structural relationships between plant PAL and fungal PAL and between PAL
and histidine ammonia-lyase (HAL). Cross-reactivity was found among all the PAL proteins from different species
tested, using antibodies raised against both plant and fungal PALs. Both anti-Alfalfa and anti-popular PAL antibodies
strongly recognized plant PALs but only weakly recognized fungal PALs. Antibodies raised against U. maydis PAL
only weakly recognized the Rhodotorula glutinis yeast PAL. The anti-U. maydis PAL antibodies showed low affinity
for the plant PALs but they bound strongly to Pseudomonas bacterial HAL. Significant cross-reactivity between the
two plant PAL antibodies and the bacterial HAL was also observed. Both the anti-Ustilago PAL and the anti-poplar
PAL antibodies displayed similar enzyme inhibition patterns, including moderate inhibition of bacterial HAL activity.
However, the bacterial HAL antibody inhibited only Ustilago PAL. The PAL and HAL antibodies tested showed
no inhibition against yeast PAL. This is first report on the immunological relationships between PAL and HAL.

KEYWORDS : Histidine ammonia-lyase, Immunological relationships, Phenylalanine ammonia-lyase, Ustilago maydis.
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L-phenylalanine ammonia-lyase (PAL, EC 4.3.1.5)= L-
phenylalanine®| 4] dRUol7|E d|2]Al7]2 frams-cinnamic
acidZ A ES vt=& &40]t}). Koukols} Conn (1961)°f]
o5l HeollA WHE o] thFst A=A Asket 9 At
e AF7E Bo| o] oIt o] Bae A, sk
A, A E S, AR Sl ofsl] 2EHAE WS o &
do] F7kske Ao dulA qlow A=e s}, W, A%
o] #ojsh= Ao E mj$- F 23 G4olt} (Jones, 1984). THAH
20 2= shikimic acid HAZE T3l A/d¥ phenylalanines
o, 7, EgkE cols, StEAJoPd, B slo| e
21 5 - T}t phenylpropane Al 23} tIAFEE S viE=
thAate] Z7)ol] Z83k= &40t} (Hahlbrock®} Scheel,
1989). 2}=l| vlsto] Fgolol 2leir= PALS thet A7}
- mxlste] HE Fago] Fofl shdE AR e A
o]t} (Schomburg and Salzmann, 1990). ©]ol] we} 2]&E2
PALZ} #380]¢] PALC thet 7|52 fAMol gk A=
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ulg- wAste] Ao S RAE 54 v

DA77 F=3EITE Hyun & 2011 A& HiE A&z
=3°] PALY] gk 54 HwE TAHRIE Folo] £34
B E aiem H FA A= o= 38e] Foll PAL
TR EATS WelHA Ho® 7)s A7l i 28
3L AT T2y ofH7HA] o] Bae EREEelA
B A7 LeH {§2A] E40] o] FolXl EhEEolA
% PAL A} 971182 EAskA] ebe 2o R deiA Sich
Histidine ammonia-lyase (HAL, EC 4.3.1.3)= L-histidine
oM dryolE |EA7|3L frans-urocanic acids A3/ds=
'ao|th. L-histidine o]8}2hg-<] o3 2<% L-glutamic
acid® A==l o] thatel] 2loA] 3 ©Al7F vk HAL
of oJ3)] o]Fojzith HALS M# Xf-s=o] gityo=z
ks Zo2 dEx ded HAL 842 g 2+t
(Hollman and Dekker, 1971; Polkinghorne and Hynes, 1982)}
2]E(Ruis and Kindl, 1970 and 1971; Kamel and Maksoud,
1978)1-= R Enp Jck. Mo e HALS
histidines §raolu} A0 0 8 o] & 7Fs3ahA gt}

EHEE0) Qoja] HALS xAWdy $28 23 7
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23l 4] BolF o g 48 Alosies ste H4tet =24
712l oJ3)] FAEE Aoz deA Ut} (Feigelson, 1973;
Lamartiniere, 1979; Armstrong and Feigelson, 1980).

PAL3 HAL-S amonia-lyases o4 Fd3tA 49
5ol dehydroalanine (DHA) residue (Hanson and Havir,
1970; Hodgins, 1971; Consevage and Phillips, 1985)2 A4
3 Qe AR dHA Ut FHZ 245-919] dehydroalanine
(DHA) residue= serinel|A] -2 SFCIL Pseudomonas putida
HAL (Hernandez et al., 1993; Hernandez and Phillips, 1994;
Langer et al., 1994)3} F2] HAL (Taylor and Mclnnes, 1994),
ul&2] PAL (Schuster and Retey, 1994), 22 PAL
(McKegney et al., 1996) <] aAolA ¥aixict. 2 2=
7158 AP, 485210 DHAS] A4, A o
o A 7o HEE AEY A 5o 7vsle] o=
o] PALZ HAL 37k Qe 38240257 e
SIS Aolgt= A9 o7de] Slof STt

RF7HA] AlgiA o B2 PALY HALY tigk 5217}
S2YEAAL 4712 (Schuster and Retey, 1995)7} coding
sequences®] Y| (Wu ef al., 1992)5 F3ll o] F a4 ¥
of thgh A7} o] Folx AN o} H 7R 'Agd H-9]
FAI L oAy @A e Aol o3 &4 I AUE
T8N T2 X o] F B AAl g FrIt F=3
AAJolt}. ole tiste] 2 AollAl= PALSE HAL tigh
TZ2A EAS £ o olslial] flste] &30 PALY A&
PAL 72|32 Ald HALS thde = W s WS ARS-
sto] FEAl 545 ARt

H e

Az A 4

=LO| FF Y R AlSf

Ustilago maydis 518 @55 PDAS} potato dextrose
broth (Difco)ll 71-9-9AA 4] 8t%3 PAL 2484
=& f3lM+= dAe] complete medium (CM) (Holliday,
1974)9 H=3k3L Tryptophan 0.3 mMS 3713k 30°C
oAl 250 rpmo. 2 K& vjSSIATHKim ef al., 1996).
Rhodosporidium toruloides UBC75-0941 malt extract
medium®l|] H3E3l] 30°CollA] 250 rpm o2 & u)j%ks}
%t Alkaline phosphatase-conjugated goat anti-rabbit
antibody, SDS-PAGE molecular markers, BCIP (5-
bromo-4-chloro-3-indoyl phosphate-toluidine salt)/NBT(-
nitro blue tetrazolium chloride)= Bio-RadA} (Mississauga,
Canada)ZH-E 3+ TE Westran PVDF (polyvinylidine
difluoride) membrane2 Schleicher & Schuell (Keene, U.S.A.)
AES ARSI 3kl A9 ARS8 Freund’s adjuvantsS
H) £33k 7]E}F Al okS SigmaAtERE sk

PAL I} HALS| THHE i &R =
FEA O Z AAE Pseudomonas fluorescens HAL, potato

o

ot
¢

oft

PAL 52 SigmaAtZ 5 Y8t +U3E P fluorescens
HAL2 7.5% native PAGE geloll Z17]19%&3st] o AA|
gk & gANS) WE gel(@F 100 ug T2 ) Ay
At 2.0 ml microtube SFellA] 4232] 0.02mM PBS buffer
pH. 7.05 23 Z2}2~Y mini-pestleZ "R $ 3U=
FA17]19tellA] Freund’s adjuvante} E31ste] oz 24 2+
e T 23 7vAo T 23k B FA18 polyclonal
FAE BT WY AE A7) A preimmune FAE
2om o5 thx A EE AT Ul maydis PAL
3} Rhodosporidium toruloides PAL->- (NH,),SO, precipitation,
DEAE ion-exchange chromatography, Bio-Gel A-0.5 m
filtration 52 531 Kim 5(1996)2] WHol| ue} &
2oz AA|sIAT). Poplar PALS baculovirusel] 2&A171
% Pharmacia FPLC Mono-Q columns ©]-8-3&ke] E-a]3)
Tl (McKegney ef al., 1996)= B. E. Ellis (University of
British Columbia, Canada)Z+-E #|-gwtt). FHE U.
maydis PAL3} poplar PALS b4 9} 752 WO 2 New
Zealand White E7]9] A} polyclonal S 4]
SI3itt. Alfalfa PAL} Pseudomonas putida HALS T3t
polyclonal &4|+= R. A. Dixon (The Samuel Robert Noble
Foundation, Ardmore, USA)2} A. T. Phillips (Pennsylvania
State University, University Park, USA)Z5-E] z}z} A&
okt

al A

= o

Immuno-blotting £44-2 © 2 Current Protocols
in Molecular Biologyo]l A&® Wi wlgl zagsisict
(Asubel et al., 1995). ELdZ(10ug)2] 7 F- A#|g PAL
Z HAL @28 Bio-Rad mini-gel systems ©]-&3}
4712] 7.5% native PAGE geldll 27195 & 27119] gel&
Coomassie blueE ©|-&3F Thiid M3} Fejd whald
HiEe] w4 Fg5Ago) ARSIl W A] 27]9] gele PVDF
membrane®] blotting 3} t}. Blotting ¥ PAL3} HAL ©
e FHE o] PAL #ASF HAL FAE ]85}
F-3A W8-S AlZ1 ¥ alkaline phosphatase-conjugated
secondary antibodies& 3£A|A17]3L LA] NBT/BCIP solution
© 2 9k 95 WA} (Young and Davis, 1983). PAL
48] B8 LU-"Cl-phenylalanineS 71 A& o] &3} WAL
ZJ ¥ (Bernard and Ellis, 1991)2.2 =431 HAL &
40] 2432 L-histidineS 712 = 0]-83}q spectrophotometer
2 ZA3}= WH(Rechler and Tabor, 19692 A3} T).
A QFS bovine serum albuming FFTHNE A|EE
A8-3te] Bio-Rad dye binding reagent2 73Tt
(Bradford 1976).
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genbank/) Ho|EHo] AR ThERopA] ARE-EIGITE
tlolElo] 2 HIWM S = AEJ15404(Pseudomonas putida
S16 HAL), AAA26769(Streptomyces griseus HAL),
ABMO8515(Arthrobacter aurescens TC1 HAL), AAH96099
(Homo sapiens HAL), P21213(Rattus norvegicus HAL),
AAL09388(Ustilago maydis PAL), P27990(Alfalfa PAL),
P31425(Potato PAL), EGU13302(Rhodotorula glutinis ATCC
204091 PAL), XP_001826366(Aspergillus oryzae RIB40
PAL), EFQ33521(Glomerella graminicola M1.001 PAL),
A84889(Pinus taeda PAL)®IT}. PALZ} HAL 7] ofm]|:=Ak
o] FAMd E4S EMBL(www.ebi.ac.uk/embl/) H]o]
Eldo]2=o|A] multiple sequence alignment X% 139l
Clustal W= ©]&-ste] ZAJs8I3iTt. ofr]ieit Aol 3lojA
223 242l gk hydrophilic site ¥4 ExPasy
ProtScale(http://web.expasy.org/protscale/) ZZ 1S ©]

&3to] A8kt
€ot 9 o

PALZ} HAL Zte| Sy A 24

sk WS Al S8l 218 201 Ustlago
maydis PAL, Rhodosporidium toruloides PAL, 2&2] 3
Z2} PAL, ZXAF PAL 8|3l Pseudomonas fluorescens
At HALS FHrstal e @ EAEE 12| native
PAGEZ 2|3 A3 Fig. 13+ 2t} XZe} PALS &5
AAR A EE A7) GdmER UER AL e AR
E2 TR0 Al o BRI B2 dPE o=
HjEe A EE ARE7]0l o8] 71| band7h WHERSTE
53] ddH oz Folet k] PALS 93] degradation®]
ofd Z1o g wof ok vehd Wl= 5 PALY} HAL 524
g3t 9IXE Flsh] flste] A o= FAl
ek 222 A719] PAGE gelol|4] PALS] 749~ 320 KD =7]

[
. .J HAL

Fig. 1. Native PAGE of fungal PAL, plant PAL, and bactrial
HAL. Lanes 1: Ustilago maydis PAL, 2: Rhodosporidium
toruloides PAL, poplar PAL, 4: potato PAL, 5:
Pseudomonas fluorescens HAL.
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F329] bandS2 ZEhHSL HAL A1 29] 78 220 KD 7-+29]
band5S Zehflo] PALY HAL &9 84S 247 &
At oy 7P E4d0] =2 wh=e] 9IXE Fig. 190 shak
EE B

Fig. 13} 593 2702 FAJol| A70g PAGE gel=
FE PDMF membrane®]] blottinggt PAL3 HAL®Y tlj3}]
U. maydis PAL 3|, =2} PAL &A|, &3} PAL 34,
P. fluorescens HAL @A), P. putida HAL &A|E probeZ
ste] Zh7} 3l -3 W8-S 5-¢F PALF HALZFS] 3514
(cross-reactivity) G55 ZAIeE A3= Fig. 200 ARSI
U. maydis PAL A= U. maydis PALS 71 2 123}
govt avA FFo|el R roruloides ¢ PALI 2 &<l
ozt gl ZERke] PALS w9~ oFaHAl 1418181t (Fig. 2A).
a8y =¢AIE M) P fluorescens HALS 733HA <1
218t} (Fig. 2A). U1 2Z&2ke] PAL dAl= 2}
PALS w5 7381 Q1AL 2HAke] PALE 2 Q12)313]th
(Fig. 2B). 2&81u} &%°| U. maydis ©+ R. toruloides <
PALS ¢~ ofabAl <128kt s8AIE E&eke] PAL
A 3k AlF2l P fluorescens HALS 733HA] 2121813
(Fig. 2B). ¥} PAL A= EZ2ke} 24 PALS B5F
ZdsHAl Q128 ot 252 o] PALS w9 ofebA <l
213kt (Fig. 2C). 28y ¢} PAL A gt &)
PAL AU U maydis PAL A Bl eFsAIRE A<l
P, fluorescens HALS Q1218I54T} (Fig. 2C). ©)de] d#=
B U maydis 33°] PAL A& 2]E2] PALY} &%
A7te] PALS 7dsHl Q1A eHA] H§tol= Estal Al

HALS v1%- 51 9lske 54S AUz 98e & %
§ITF. 2714 A5e] PAL A M2 48 A1 214 5]
B2 wel NE7e] S4o] FPolst B fAHES X 4

AATE 2] FFOR S A AR & Fe
A R9] PALF 4]&E9] PALo| HestH oz Aolghs
T AATE 23U AMlete] HALS 78 Q14 54
AYIL e 80| PALY 29 PAL| Mgt oR
Alite] HAL# Ak 24 BA400] 3-8 5831 gt

oo wiste] 2Fe] M= thE M P fluorescens}
P putida®] HAL 3AE probeZ 3124 FEE AL
39S wl, P fluorescens HALZ} P putida®] HAL 25
U. maydis, R. toruloides, 22}, 714} 52] PALS 213 214
SIA] Bslal ARIE2] HALTE 7JsiA 1418199t (Fig. 2D-E).
P putida®] HAL @A e 749= U maydis, PALZ} R
toruloides PAL®] #2]¥ laneolA] native PAL ZL7]X.C}h
e A7l AR EES A8l (Fig 2E), ol
polyclonal &7} Uepd 4 3= H]5o|Z] whg-o] Az}
2 8 F Atk 28y o]E #30]9] native PALO] U
degradation ¥ Thj7 Fito] <12] ¥|1g 7Fs/d % wijAl &
T gtk s U maydis PAL €45 Y53 gjFEe
21 E2] PAL T2 53t A719] 7)) ©IA (subunit)
o2 FAE homotetramer (Kim et al., 1996)Z4 A

o

tlo me
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Fig. 2. Western blot of fungal PAL, plant PAL, and bactrial HAL using polyclonal antibodies raised against Ustilago maydis PAL(A),
poplar PAL (B), alfalfa PAL (C), Pseudomonas fluorescens HAL, and Pseudomonas putida HAL. Lanes 1: Ustilago maydis
PAL, 2: Rhodosporidium toruloides PAL, poplar PAL, 4: potato PAL, 5: Pseudomonas fluorescens HAL.

degradation & labile 3+ F4x0]7] wjEo|t}, wjetr A
degradation®] Lol THA 9 P putida®] HAL FA71 47012
subunit® = FAE native PALS ¢12] sl HA17] PALS
AAsE7E he 9we 7H & e ol olvi=
PAL3} HALS] M2 tf2 whld F7]0A 7190 & 4= &
7 7}, PALS] @A) il A7) B 7009971<] ofn)
Ao R FAEE whH HAL $hES 500097¢] ofm]
AR A7) el 327178 22 HAL ©dE vE
HAL 3= Z717F 2 PALOlE= 294 HALA= gl obv]
AR F91= QIABHA] & & Aoy PALAA fFRF o=
FrAFSE §-917F EAl5hH L Rk Q12 & 5 e A
ot} &} HALY #2402 AL 5-2]7} native PALC]
Ae T folding© =2 Ql8le] 2202 Q1A5] ofH&

Ho

5 glom, B8 v 43 TR T Solu B2HA
e elol EAFE o] EF A5 el ik,
o]E%

74-%- native PAL®] degradation = T2 9] folding®]
A F2H 0 E o)A AW fAkeE F917F =FE o
HAL 3ol Q1212 7FsAo] thal AlsETh o2 o
PAL A= HALS 3522 & Q124sh= A A7}l
HTHH PALS] =717} HAL ¥t} =17] wiizol] PAL¥ HAL®]
TZAOE FARGE Fo] At PALS] 3A= HAL]
TARERIE E3sle] AE FA0S AYSE HALS
= O e S AoE AlgET FRAOE AL

FEo 2 PALY HAS G484 F-9ld Ala-Ser-Gly

tiads E3Feh= o8] 7o fFAF ofn=Ate ' A PAL/
HAL signature motif 7} €& It} (Pilbak ef al., 2006).

Proetein AL 2 Hydrophilicity H|T

PALZ HALZM ©hd fALEE ZAKSH] flate] ©
Wz Q7IMEE Wb BlEIITE (Table 1). 21=¢] PALSI
AV, 2EE 4R, @39 e A AR HA
63%CNA 3L 85% 7FA] EANSHATE #8°] PALZ=
A 33%00M HIL 2% AL FAES Btk 259
PALZ} 330] PALZF] FAREE FA 27%00A4 3L 31%
FEo 2 MY FAETT A Z3ht) o] o)A Fig. 2
o|xe] Aol Ho] A& PAL A7t FE0]9] PALS
78tA stal 3] PAL AL 2)=9] PALS ZsiA <l
2 gt At v st 7198k %87t she A7te] ot
Sk HALS] A5 A ud Mge] HALZM] HE+
AbE= 38%00141 68% 19| FAREE Hof PALOY H]ate]
T2 AR W9l HapL Znh I Ee] 9= AR
F2] HALS 739 98%el ol2& =2 MEHA=E B3
ol 2 Aol s Ef-5E2] HALS H|2slA] k7)ol &
T Aol HALZ 552 HALe| HYszog oWl #
Alell AESA] 2APT H g sicth

PALZ} HALZFS] T M Eo] FAREE A ETH 2 E9]
PALZ Mle+2] HALZFS] FAMEE 24%014 26% o2
ko 2z=oldn, Fgo)e] PALF Aol HALZR] fAL:

R
fu
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Table 1. Comparison of protein sequence identity of phenylalanine ammonia-lyase (PAL) and histidine ammonia-lyase (HAL) among

different organisms

Plants Fungi Bacteria Mammals
Alfalfa  Pine  Popula Potato Ao Gg Rg Um Aa Pp Sg Human
PAL PAL PAL PAL PAL PAL PAL PAL HAL HAL HAL HAL
Pine PAL 63
Popula PAL 85 63
Potato PAL 78 62 81
Ao PAL 30 29 28 29
Gg PAL 30 31 31 30 42
Rg PAL 32 28 32 31 37 34
Um PAL 27 27 27 27 37 33 38
Aa HAL 25 27 26 24 23 23 23 24
Pp HAL 26 25 25 25 25 23 26 25 39
Sg HAL 26 27 26 26 24 25 26 26 68 38
Human HAL 19 19 19 19 18 19 19 19 37 42 38
Rat HAL 19 19 19 19 17 19 19 19 37 42 37

Numbers indicate the percentages of protein sequence identity. Sequences were analyzed based on inferred amino acid sequences from cDNAs
encoding the enzymes, using ClustalW2 program. Ao PAL: Aspergillus oryzae RIB40, Gg PAL: Glomerella graminicola M1.001, Rg PAL:
Rhodotorula glutinis ATCC 204091, Um PAL: Ustilago maydis, Aa HAL: Arthrobacter aurescens TC1, Pp HAL: Pseudomonas putida S16, Sg

HAL: Streptomyces griseus.

5= 23%00A4 26% FEOE HmolM BHolE £t Bl
T oItk AE2] PALY #30]¢] PALS BT F=9
HALe] thate] 19% 2] ML FAR=E BT ol A=
I 3ol¢] PALY] &9 HAL Hrbe A< HALY H
AR A Uehdoh s om S0 2lEou
wgeloll v 7P7hedl PAL# HAL 8249 fAMdS 2183
=Fol7F Altell B 7tk AR - EwlEth web
ammonia-lyase®] 18}4] #A|7} 7152 fAMd-S A PAL
HALAAM = ojugh W3fo 2 X3yt o] Fojx gh=A] 2t
5 A7}t s E|ojof & Ao|t}.

TEAOR olstal FAlRE F-9lol thet HwAgRE F
O 4377} Fig. 19 ARS-g PALY} HAL T & o] §-3171=
FE ZIHE s obreAt 8-S Ul E hydrophilicity
TAE Fegste] Hlaskdt) 5000971€] oprEARs A U=
P fluorescensSt P. putida®] HALZ ¥]5=8F hydrophilicity
profiles ES™ N-terminal?} 77k #9104 7S =2
hydrophilic site”} EAI3FATEH (Fig. 3A-B). ©lell ¥l 700 <371
9] ol =4S A= Ul maydis, PALY R. toruloides PAL-S
C-terminal®} 7172 3ol 718 =& hydrophilic site7}
EAEAT (Fig. 3C-D). 2 & PALY] ZH$-E 2Zefet &
Zu} PALS] FHO|EXE C-terminald} 7P7ke- 3LollA 717
=2 hydrophilic site7} S8R 3L A= FASE profile
HAT (Fig. 3F-G). Leivt A} PALS &2} PALO|Y
&t PALTR= & Zdelgh AElollA 7 &2 hydrophilic

site’} =AW} (Fig. 3-F). ©1/3<] hydrophilicity A&
HH L2202 3gol9} 21 59] PALS AL fARRS B2
& 4 ok 7P =2 hydrophilic site AF2]2] H]woA=
Al¢] HALS] #3802} 2]=-2] PAL¥= thE hydrophilicity
profilesS H Y-S & 4= 2t} ey} AWkl hydrophilicity
profileg A HH ofg] FLdx HALA FAJol| H T
T Sl antigenic site24] 2H8- & 4 0= hydrophilicgt
peaks”’} PAL¥} HALe| E=A1gS & 571 ot o]=dh
peakE R H]E hydrophilic score gl Tha 2}o]7} 9l
A9 N-terminal®ll 71718 Zol A FAFSE peakES & 4
At} C-terminal ZolA= PALS] HAL Xt} ¢F 1607] A%
o] oluielrt WO BZ o] & &4 7ol F2A Ajolvt
UeS SAs] & At FHZol| Calabrese 5(2004)
PALSY| gt crystal structure 4-7ell4] ©] C-terminal 772
16071 o} =2k PAL Tl o] 7]HE foldingoll s BloLA
Q2 A Mo e} = ASE HIFITE o] g
724 540 PALY] WY EAole oust IS =
A= SRS FORE o] B3t 3F & & T A7) Hojof
& 7 2} 223 2 S A9 7hs sk of 8] F8o]
ZollA PAL 27 F EA1%ke] WA = vl (Hyun ef al,
2011), #33°]¢] PAL &4 F312F A4d Qo)A o 2]&2
PAL F-3AE st EdolA9] 7153 E & A3
s 2 sk A SR & ¢ e 54 715

HEAL7L 7FsE 2102 AlRH



Position

210 Arle- 5
3 g e AT 3 @ e e
A | B ‘
21 1 21
| i | i | II ' f j
o A || & Jl | |( iy | ‘ t | i ;‘\‘ X 1 |
S | V\ II (I 1 I,ly‘ [ 1 [} \ '| \I;- (b i | |'
« ST AT LA A i I | 1 i 1‘\ [ ANRL b O N I
O -t H | VR YT I/ YR AR TR
TR RN FLA Y A T A
L | . { |l’ | .“ ’ L !“|,| 1 | [ | I 1 H | \.lil
I h Ji. ' | i ! |
2 21 ' ‘ i
3 -3
0 100 200 300 400 500 0 100 200 300 400 500
] C ® D *®
2 | ] 2 ' n
154 | n i o1st F =
11 j f"ll || ||J| h ‘l " | 1 ’q[‘ '.". Ii||. it [.l L rfl f
osfi (b i it HH 05| l"ﬂl SRl i i |
TR B st A LR T
I T ﬂ Wy [ uil | A | (" ‘ 'f|'1|[ TR [
05 fi it ‘i TS S R S 11'» SR | “.|'
NN R R T AR
a1 I 1 {1 il “‘ 1 1 | i ; F i H |
151 |~[ | I[I | { ’L ‘1[ 1 -15¢% ) I [
21 1 2 I
25 2.5
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
E ® : F ®
1 CM 'I ? C ;
y Ll 1 ] Il o I | ] i | \ :
N |i”§ l ) 1 | ‘|v I i l | l'l.l}‘ y bodl |§ ‘
0 “Iln"{ruu o ‘q 0 [|ﬂ i llr\"ﬂ 1 |J
I \ i “l J‘| | | leil \'II l,' ly {1 | ” l \l ]
11 i'l guy I Y LRI ‘ Wi - g RRLLA "”I“I
W ) i ’ ' I | rn‘ (IR l ||
21! —h— | ' 2 ' i
-3 -3
0 100 200 300 400 500 600 700 0O 100 200 300 400 500 600 700
3 T T [ Y T wehen. § ¥yte & Deciivie
e |
2 '.1 i
L Ll L1 |
T AR
[ | I |
0 .1]1,,3' | J, ‘ | M “H}ll“]
."| i R ||]‘ 'i\”'l‘ ]I'L'
" M T ‘1 1 il |
2 L { -
L |
-3
0 100 200 300 400 500 600 700

Fig. 3. Hydrophilicity profiles of PALs and HALs from different organisms. A: Pseudomonas fluorescens HAL, B: P. putida HAL,
C: Ustilago maydis PAL, D: Rhodosporidium toruloides PAL, E: Alfalfa PAL, F: Poplar PAL, G: Potato PAL. Positives
values indicate hydrophilic regions. Black colored dot(@) indicates the most hydrophilic amino acid residues.
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