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Production, Purification, and Characterization of Phaseolus vulgaris Leghemoglobin a in Pichia pastoris
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In this study, Phaseolus vulgaris (kidney bean) leghemoglobin a (PhLbea) gene was cloned into pPICZoA
and expressed in Pichia pastoris to sustainably produce a heme-carrying protein for organoleptic use in
plant-based meat. The recombinant PhLba protein was secreted into the culture medium in a solubilized
form, and the molecular weight of the purified PhLba was estimated to be 16.5 kDa using SDS-PAGE. In
addtion, the yield of recombinant PhLba holoprotein was enhanced by supplementation of the cultivation
medium with hemin. This result indicates that the apo-forms of PhLba can be effectively saturated with

cofactor.
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Pk ofy et A4 tAlS AlEo 17| 22 FHE
o8k 4= th[3]. E3t leghemoglobing F4 3= heme
Lol A Qo= QI7He FFol Ao, A e
V5 e oF osvsk HAR B AR 4ATY 66}
hemeo| Al -2 gte}[4]. HEH QA F2 A& £ (upin),
S (cowpea), T F(soybean) & leghemoglobin
¢cDNA M E& vHlE o2 &Y Id A 2"E o] &5}
AR AA T w9 A2 ] 2T g AS HATAY
TUA FHY E84 dWdS YASATE-7). A2
soybean &2 leghemoglobing Pichia pastoris®] T2l
e A AES o] &3)o] AYAFSIH L, Impossible Foods A}
(Redwood City)2] 21 &4 117] A|Eo] leghemoglobin®] #]
429 A8 7581 Al

2 A= A= 7% dAS] AT 5
leghemoglobing AJAFE B2 6 2 714 (Phaseolus vulgaris)
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43 leghemoglobin a (PhLba)o &35t} Phlbax 7}
Gl =2 2 A trypsine 2 AAT & HA
14571 9] opm| At A Fo] AA YA THE], ThE o0 A
TR HAS T A H2 glh. & AFolA PhLba
9] coding sequence (CDS)E HIE O 2 cDNAE FA ¢
cloning 3}3, pPICZoA vector [9,10]& AF&3te P.
pastoris® FAA £O 2 4t T THAA PhLbad] Al
EZ 9 EH] A4kS A5tk B3 Hj ek v Z] o] heming
A7¥ste] 23 PhLbad] Hd ¥ #3354 E4F 45
%t

Phlba® c¢DNAZ &H3l7] $ste] ZdE 44
leghemoglobin a gene (PhLba, Genbank No.: K03152)2]
A7| A E9E vgre 2 HT-oligo™ 34 7] (Bioneer)S A}2-3}
o] ¢cDNAZS @Attt &4 PhLba cDNAE pTOP TA
V2 vector (Enzynomics)?] cloning 3}G3L, 225 9] primer
(LbaF: 5-GGAATTCATGGGTGCTTTCACTGAGAA-3',
LbaR: 5'-GCTCTAGACTAAGCATATGCCTTTTTAATAG-
3") (Bioneer)E Al£3l9] PCREZ £Z3}4t}. o] u LbaF
4 LbaR primer= Zt2F A3t& 4 Eco RI € Xba I €S
Z3Hstal 9lon, 2 EZF 456 bp2] DNAE Eco RI ¥ Xba
12 A3t & pPICZaA vector (Invitrogen)2] Eco RI ¥
Xba 1 H9of AFQJste] A% plasmid pPICZaA-PhLbad
Azt olb PhLba 7 A+ signal sequence o-
factor 29t AZAE o] YHE T Ho] A 2 FH|
H=2 AA59 T AZ2E plasmid pPICZaA-PhLbae A
a4 Sac I 2 AHste] AP o2 YE F P, pastoris
X-339] GAA| 40 2 electroporationH o] &3l AUt
tH10]. FEAgHA o] GAA| 4ol PhLba FAA7F A
A=A sy YA 22F 9 primer (AOX1(F): 5'-
GACTGGTTCCAATTGACAAG-3', AOXITT(R): 5'-GCA
AATGGCATTCTGACATC-3) (Bioneer)S AHg-3t] PCRE
ZEZ3}1 sequencingdt A3} PhLba cDNAQ] 7| gxt o
AL wAA), ol Bo] FEE AEF TFE X
Lbaztil grgstsict.

Az 75 X-LbaZFH PhLba®| W& Jo F[11]9] %
HE 7 HEYsto] AFR3} T} Buffered glycerol complex
medium (BMGY) #jA]o HE35t FH4& 30T, 250 rpmo A
sk ajoFsta AR st JAE 3% F, Buffered
methanol complex medium (BMMY) B Z]o]] ODgpo=1.09]
HEE 7K o2 & wjokE AlQsHgitt. Phlbed HdS
F=o5t7] oA = ujek AlZF 244 2F $RE 964 7H7HA]
o] 24A)7F ulth methanolS HE5 % 0.3% (viv)7F HA &
Z¥st ek, m A Ztaboh vkl S AR st AL 3
4=3to] SDS-PAGEZ 843t 23}, A2 PhLba2 AE 9
E BH|Fo] 7183 Fej2 EA6AL, 1-4Y S v Al
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Fig. 1. The expression of recombinant PhLba in P. pastoris.
Increase of recombinant PhLba in the extracellular proteins from
P. pastoris was monitored by SDS-PAGE. M, protein size marker;
lane 1, incubation for 0 h; lane 2, incubation for 24 h; lane 3, incu-
bation for 48 h; lane 4, incubation for 72 h; lane 5, incubation for
96 h.
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Fig. 2. SDS-PAG analysis of the expression and purification of
recombinant PhLba in medium supplementation with and
without hemin. M, protein size marker; lane 1, negative control;
lane 2, culture supernatant of P, pastoris in the presence of hemin;
lane 3, culture supernatant of P, pastoris in the absence of hemin;
lane 4, the purified recombinant PhLba from culture supernatant
in the presence of hemin; lane 5, the purified recombinant PhLba
from culture supernatant in the absence of hemin.

2bo] A3kl wret wmAe) WAl Z7ekAckFie. 1)
A 23 PhLba®] EAFF-E 2k 16.5 kDa2 LFEFY o] ¢DNA
TR A == EAFS] 15.6 kDa Hoh= 25 37
eht gae] Botel slelt Ao 2 S22 ErFig. 1)
Leghemoglobin®} Z+o] heme& cofactor2 Z 3|+
peroxidasex H30], 2%, £ AZJA A T & F
3 BAFSHRA L, Bl B x| &0l heming H7Fto2H A=
Y heme THilE o] WAFS S7HAIZ 5 UITH[12-14]. A
%% PhLbaZ &@ AR Qlo] cofactord] G2 &ot
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17| ¢3l9 0.5 Le] BMMY HjA|<0f 10 uM hemine 3
7Fstal methanol2 F=Ud AlFth vjokA S 3|5t
SDS-PAGEZ ¥4 bandE £4]3t 23} heming H7}et
v 2] o m| 73t wf x| o A] A 4FEE PhLbae B3t W& )
2 YEth(Fig. 2, lane 2 and 3). E3F heming FH7F 2
o] J7kek v R o g A o dAge ST 25,
747y 31+ 3 9 2942 pg/ml= Q1o @3 HefufolA] H]
28 g2 UEloh Hemind H7F 2 1] 4 74gE v 2] of A
Y4+t PhLbaE AAISH7] §5to] Mg 45 de ddEd
(5,000 x g, 5 min)Z 3|43k, L3EE 80%E ammonium
sulfates F7Fsto] 4ColA 247 WA F A4 E
(10,000 x g, 20 min) 3t¢th. YAED T * AFAEL
buffer A (50 mM sodium phosphate, 150 mM NaCl, pH
7.0)0] 2l & 2+ buffer® 24A17F EA T EA% &
e AKTAprime plus (Cytiva)E ©]€3}o] Superdex™
200 column (Cytiva)o]] 2J3t & buffer AZ £&3111 £5
H gE-L SDS-PAGE (15% acrylamide gel)o] loading%t
3 coomassie brilliant blue GMS E35lo] ¢t W= E 3
oI5t th(Fig. 2, lane 4 and 5).

A A =3 PhLba®] A1 (Fe®) 9 A2 (Fe®) F=
Aol tiet S ot 7] fJste] UV-visible T4 AHE
& 3455t Heming: 713 v x| ol A 4 AHgH PhLba
2 406, 532, 565, 624 nmolA Hdf T L B 7hd
Zo| A AA|Et native leghemoglobin a2] Fe?*-H,0 &= 4|
oA UEFFE 54 TH(404.5, 490, 532, 565, 625 nm)T}
A9 AR 2 el Ath(Fig. 3) [15]. ¥HE, heming
A7vekAl b wjA| oA AY4bE PhLba 406, 532, 565,
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Fig. 3. Spectroscopic property of the purified PhLba in
presence and absence of hemin. The expressed PhLbas
(1.4 uM) in the presence (—) and absence (--) of hemin were
purified and analyzed for UV-visible absorption spectrum. Con-
ditions: 50 mM sodium phosphate pH 7.0.
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624 nmoA EY=7} AR 4% ACF Hol PhLba? A
3427} apoprotein®] FE| 2 wjF o SH3t= A2 A
ZHEIth(Fig. 3). ©] A2 heming #jA|o] M7} F¢, a2
o] Al A BEu|E apoprotein®] Hj A4 2] heminol] 23
holoproteing 34 3th= RS on|gict. o]¢F e A=
peroxidaseE H%9|, 2%, X N EZA HHT o ujZ|
o heming {712 F B4F a29 PArko] 42 7,
1.6, 188] 2 A+<3}4] holoprotein®] & A o] F7}stch
aE A} dA7eH12-14]. 0|9} ZO] hemed] EF&
Y2 €4F heme THA L G Ak 9lo] S8
of aleo] & 4= 91, o] & | ZAst7] AsiA= WA
heming A 7}8F S 2 4 holoprotein®] AL FAA D
Atk

2 dFoA= #dF F leghemoglobin aE P.
pastoris A|Z QoA 7}-&3t P = Fu] Pistgla, vk
Bl A& A7}t heming PhLba2] holoprotein & 4o 7]
Sjgehi A S SAGHAT FF L2 heme A4
B B2 FHAE JABRY NP2 TR A
heme A4HO2 ATH 4+ Yk 271 477} A8 A
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