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(57) Abstract: The present invention relates to a Corynebacterium sp. strain with
enhanced histidine production ability and introduced galactose utilization ability,
and a method for producing histidine from seaweed using same. The transformed
Corynebacterium sp. strain of the present invention exhibits excellent histidine pro-
duction ability through the enhancement of the galactose utilization and histidine
production pathways, thereby producing amino acids on the basis of an eco-friendly
process. Additionally, since galactose obtained from the degradation of carrageenan,
a major component of seaweed, is utilized, the invention provides the advantage of
utilizing seaweed as a biomass resource.
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He 79 VIR o] Folxd A = vk w3k, A7 IS 79 AL a7
0% °17, TH A &2 80% ©14, Btk A4 4 2 212 90% o1, Buh ¥ 744 2
B 95% oI, 7 A A 2= 99% o3| S UEtE VA E R
A A A2 S =2 Adenylate kinase €73 & Ve = @A S 0] Ths gk 5, Al
@- (Sj\o] _L'o‘]—}E] Ea O]Iq_

B whg o] @] A AJof o] 91o] A, 47| Bifunctional purine biosynthesis protein PurH
& It Fd A Z vl et e 2l % = F B 5 (Corynebacterium glutamicum
) el 5= o, AW E 8o VIR o] Fol Xl A = dvk g, AT
A AT 8o A2} 70% o], A 4 2 & 80% o]/, Bk -4 4 2 2= 90%
o, Bt U] 1A A 02 1= 95% o, 7HE A A SR = 99% ol el e &
UrE]-LH T @71 L2 A A2 A 0 2 Bifunctional purine biosynthesis protein PurH

As vebll = ad g el v e A, AlE glol 29k 5 dth

L%Ug/] A Aol sl A, 7] ?ﬂﬂﬂ%:"j/]ﬂ]mEﬂ‘j/]%é?ﬂzr%tkt%
Z ZH(Genbank ID:BAB98967.1)2] tkt promoter 2 hisD -7 AH(Genbank ID:BAB99
495.1)9] hisD promoterE 21 & 4 314 Z 22 2 H Q1 H36 promoter= | &% AU
T e, ofel Al gHE S of

Bwhg o] @] A AJofo] lo] A, 47| H36 promoter= A @H T 92| V| E=R
FAE = A 5 glen, ofof Al ghE = A& ofy )
g o] A Ao glojA, 7] EHE et el & & e HE
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109 A7 LR o] Folxl Ad = v w3, AV MDA E 109 LT
0% ©17%, T A 2 O 7 80% 17, B.uh 141 4 2 212 90% o], Brt o] 74 4 2
3= 95% o)X, 7HE A A 52 3= 99% o] o] A E A S UEE VA E R
A A A 0 2 galactose transporter B4 & U ER = @A S 0 gt A9
Al gk glo] 3k = ATt

B kg o] A A Ao lof A, 4] galactose-1-phophate uridylytransferase & 5
8= 5 A A= WA (Escherichia coli) w3 D = o, JEHS 112] ¢47]
T E o] Fozl A 7 vt &gk A7 AEHE 119 AL 70% ©17, 7-A
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N (Escherichia coli) el Y 4= 1o, AWM T 129] GV L= o] Fo4 A
A ol 3, AV AEHz 129 A T70% o, A A 25 80% ©14,
B} A4 8 0 252 90% o1, Bk o] FA A Q2= 959 o, 7h A A o=
= 99% ol/d e FE S e = QU EEA A E A S =2 Aldose-1-epimerase
24 YEhl = v S e vk g A, AlE glol 2EE o 2l
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39] AVIAE R ol Foxl AU = ATt g AV AEHE 139 AL} 70% ©]
b, A A 0= 80% o), Bouk Al A 0B = 90% o], Hul U] A Ao =9
5% ©17, 7 Al A 2 2= 99% ol de] AE e YEh = A7 dEA A2
# 0 = galactokinase 274 & W= @A S Y Tk -, A glel £

= A~
sk 4= Qi)

B oabg o] o A Ao glojA, V] FAAS Zedete el v & o5 2
E Q * o]-8 7] Z(galactose uptake system)7} =4 H AL 5= 2 O}, o of] A gk

A& ot
g o] o Ao Qloj A, A7 A uEE B R & w5 ZE vl ek

& 285 2 5 (Corynebacterium granulosum), L] U9 8] & S FF 2 =g HF
(Corynebacterium glucuronolyticum), T 2] Y| 81 8| 2] 2 = FEF| = (Corynebacteriu
m glutamicum), 2] Y| 9V E 2] = 2l A| =2 5 (Coynebacterium glycinophilum), <.t
dlake 2] 2 Y] Z 8 2] of| (Corynebacterium diphtheriae), & Y2 e 2] & 2 2] =(C
orynebacterium lilium), =2 Y| BT H] 2] 2 @ Y-8l (Corynebacterium renale), ] U] 2}
B 2] 2 22} A =2 (Corynebacterium melassecola), T Y| 81 El| 2] & 7} E F HE| 0]
(Corynebacterium matruchotii), 2] Y| BV 2] = ™ 19| o] (Corynebacterium macgin
leyi), 2] | Bt 2] 2 V| =¥] A | (Corynebacterium minutissimum), =] Y| 9HE] 2]
+ XM 2 (Corynebacterium bovis), 2] Y| 9HE]| 2] 2 A ol v] = A Y] 2~ (Coryneba
cterium thermoaminogenes), & Y| 8] ] & 972U 3Z H| 2 B] F(Z 2] v v el 2] =
% vl o)[Corynebacterium pseudodiphtheriticum(Corynebacterium hofmannii)],
U e B = 7 =T 2 F 2 A 22 (Corynebacterium pseudotuberculosis), 7.2
dlukel| 2] = 23 (Corynebacterium spec), & U BV e 2] = 2~ E @] o} & (Corynebac
terium striatum), 2] Y 2 E] 2] & o}v) Z-2} ¥ (Corynebacterium amycolatum), T2
Yl Hke| 2] 2 o} Al B N A 3= & (Corynebacterium acetoacidophilum), 2] Y] 2] 2]
& OFAM| B =B S (Corynebacterium acetoglutamicum), T2 V| B H| 2] & o} = #l
2~(Corynebacterium accolens), 2] Y| 8Ll 2] & o} 50} ] # (Corynebacterium aqua
ticum), ] UL 2] o} Wl €k 2 (Corynebacterium afermentans), 2] ] ¥ E] €]
& OF$-2] 2=(Corynebacterium auris), T Y| B8] 2] = LA E 26l 2~ (Corynebacte
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B 2] & ol &) Al ol 2 (Corynebacterium efficiens), 22 U 9 E] 2] = 28] 2(Corynebac
terium ovis), 2] Y| 8V el 2] = -2 o} 2] ¥l F-(Corynebacterium urealyticum), 2] U]
vhe| 2] 2 & Al &2 (Corynebacterium ulcerans), 2 2] Y| 81 E| 2] = A 2 A] 2~(Coryn
ebacterium xerosis), & Y| B E| 2] & A ©] 7| & (Corynebacterium jeikeium), 2] V]
vhe| 2] 2 Z- M (Corynebacterium callunae), 2. Y] 2V E| 2] = E 7 ©] 22 (Coryneba
cterium tenuis), 2 Y| B 2] = 3} = (Corynebacterium parvum), 2] Y| B €]
& X 2 3] F(Corynebacterium propinguum), 2] U e 2] & =2} 4l 2~(Coryneb
acterium flavescens), 2] Y| W1 2] & 3| & Al Y] 2 (Corynebacterium pyogenes), 2.
U uhe) 2] = & 2 9 Bl K Corynebacterium halofytica), T Y| B €] 2] & &l 2] €]
Fr(Corynebacterium haemolyticum) 2 Z 2 Y| BV 2] & 3| 23 2] 22(Corynebacteriu
m herculis) 2. % o] T 7ol A A = A A 4= 3o, npgkA A= Z e Y
vle| 2] 2 = B S (Corynebacterium glutamicum) e < 4 2.1}, o] ol A| 3t %| =
A& ol

ol o] o AAfefof] glojA, A7] FAME e vlRteH Bl R & o ATP
phosphoribosyltransferase S % 5F5= -7 A}, Glucose-6-phosphate 1-dehydrogenas
eE I Y3 7 A AL, 6-phosphogluconate dehydrogenase S 35 81+ % 2}, Ribo
se-phosphate pyrophosphokinase & % 3= % A}, Histidinol dehydrogenase & =
9 3l= 7 A}, Nucleoside diphosphate kinase S 3% 3F+= - A}, Adenylate kinas
eE I Y3 A A 2 Bifunctional purine biosynthesis protein PurHE 35 3}=
FAAE 23l A 23 WE; Y galactose transporterE 9 5l - % A}, gala
ctose-1-phophate uridylytransferase S 3 6= 7% A}, Aldose-1-epimerase &
St F A AL 2 galactokinase & A ol F-AAE &l A&7 WEH =
gt ] B & o] =dE FEAg A= 7 AT

o A AR E = &of, Al 2 A ETF ol E 9 LS A8

st A o, B HE 2, o] F o] WE = = o] F o] dAte] of s ¢F
La -

3 13l = Aot} Al 23 A ¥ A7) e

2L o
H
¢
Oft :‘O
2
5
I
_\E‘L
o
o,
>
H
uly
[-40
o,

= 1% DNA, E2}227 = DNA, A% vhol ] 24 )
H A2 A9E 5 iz Aol AT A %
A 23 vpo] ¢ 2232 @ =& upo] o] 2=, ob el ko ] 2,
2, A E sl 2 A 2 vpol ] 2 e Hpo o] 2 T4
53 of 1= shpel 5= glonk, ofol Al g A gkt
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[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

B.dbg o] o A Al ojof] 1] A, A}7] Iduronate-2-sulfatase & E ' 3Fi= F A A=
zZ o} Zrel el B e 2 (Zobellia galactanivorans) TPl Y 5+ A0, AEHE
149] 171Dz o] Folzl Y = v} Hgh V] AW E 149 A D 70%

o)A, T A & = 80% o] A, KU} A H 0 2= 90% o] 4, Bk U] A K 0w
= 95% o, 7HE A A S 2= 99% o) /de sl s vEh = VI 2 A
A 0 & Iduronate-2-sulfatase &4 = WEFH = @A & W] 75 gk A9, A
gk glo] 28 = A

Bwhg o] @] AAJof|o) lo] A, 4 7] Kappa-carrageenaseS T 8= f A A=
ZHlg]o} Zhekely Ea}/\(Zobellla galactamvorans) FHd Ao, JEdHS
159] 7|1z o] Foixl AU 4= ot ek A7 DT 159 AL 70%

o), TA A &2 80% o]/, Bt A H o83 90% o), Bt T A AR
= 95% o, 7HE A A S 2= 99% o) /de sl s vEh = VI 2 A
24 A © & Kappa-carrageenase 242 Y e = WA 2 g 7hs g A5, Al

3 glol £3d 5 ¢l

A ZWHo A, B2 I Eel a4 s AMEsle] R[S G EAlA Sl
25 7t E S Alxste 9l 2 ] 2T Vel =S £k A
o] 7] FAHS ZYUWtH g & & 7 FE € R dastes dAE e
A 2FE o] 8¢ 3| ~E W YAk kel #ek Aot}

Bk o] o A Aol 9loj A, 47| 7l d -8l &4 Iduronate-2-sulfatase,
Kappa-carrageenase "= 0| 52| 235 = 9l o1, o] A gty = A& o} LT},

g o] A Ao YojM, V] AExFE SER, ZE2T R FE2FLE
Fol Xl ol A A B E = o = sty o g o 2l AL, v A sHAl = v dE o
ZF sl fole T2FY Ao, ol Alghy = A2 ol

g o] o AAJeof] loj A, V] Fx2F= X7, A, ZEY, N EH
SEED, ANSF, AN, FE7A, A 7], WS, Ak RA] -5 d] g
=, T =7k, A A role] Fol ARRE gl o ofof] AlgE = Al
oht

g o] A Ao YlofA, ZE = v o, v AL, SRR, "R 9,
e, m e, Zhe, =3, 8, A n] AL, Eapgh, A o] EAbgk x| Fol,
x ol AEE o ool A ghE = A& of T}

g o] o Ao oy A, AV sRFEE AU, AT o, A, 75
7y E9w, A58 Fol AREE 9l o, o]of] Al ghE = A ot

o) Al &

< o] A AAfdel §lojA, 7] Al ulHbE 2] % £ & 5*3= BHISG(Brain h
eart infusion—supplemented with glucose) Wl %] o] 4| 25 W} %] 35°C, air 1.5 W #] 2.5 L/
min 2 pH 6.0 WA 8.09] wjkzA o7 20 WA 284 Fok nike 3 A ok
Al A] (pre-culture medium)l| 4] 25 W] =] 35, 150 W #] 250 rpm, air 1.5 W *] 2.5 L/min
2 pH 6.0 W+ 8.02] vl =7 0 = 20 WX 284 7F Tk nj ksl A1 4= 9f
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[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]
[83]

[84]

B wkg o] 2 A Ao 9loj A, 447] BHISG (Brain heart infusion-supplemented
with glucose) Wl %] = 15 W] #] 25 g/L glucose, 33 W *| 41 g/L brain heart infusion, 87
W A] 95 g/l CeH 406, 15 W A] 25 g/L C¢H, 06 20 WA 30 pg/L kanamycin % 5 U] ]
15 ng/L Chloramphemcolg EesteE A 7 o o]of Ak = A1 of T

Bowkg o] o] AAjofo) loj A, 47| A bl & 1] X (pre-culture medium)i= 2 W A]
4 g/L peptone, 0.9 W #] 1.5 g/L potassium dihydrogen phosphate, 1 W*| 3 g/L sodiu
m citrate, 2 W *#| 4 g/L yeast extract, 17 W #| 23 g/L glucose, 0.5 W #| 1.5 mg/L bioti
n, 0.5 W #] 1.5 mg/L cobalamine, 0.5 W #] 1.5 mg/L pantothenate 0.5 W#] 1.5 mg/L
thiamine HCL, 0.5 W #] 1.5X trace elementE ¥ 38= A = 31 01} o]of A3t
= A& okt

g o] d AAjefol] glof A, 4] ul A]3= CN40 Wi #], CGXII ¥l #] , CGAF i
Al A = LA, vhE A BHAI = CN40 Ml A1 D 5= QLo L, ofof] Al gk <= A2 ol
=3

B wbg o] < A Aol 9loj A, 47| CN4O Wl A = 4 W A] 5 g/L peptone, 7 W A]

9 g/L. ammonium sulfate, 1 W*#] 3 g/L potassium dihydrogen phosphate, 17 W %] 23 g/
L corn syrup, 1 W *| 3 g/L sodium citrate, 7 W #] 9 g/L yeast extract, 9 W #] 11 g/L ga
lactose, 1 W #| 3 g/ MgSO,, 9 W #] 11 mg/L biotin, 1 W*| 3 mg/L cobalamine, 1 1|
A] 3 mg/L pantothenate, 9 W 4] 11 mg/L thiamine HCL % 0.5 W] #] 1.5X trace eleme
ntE E§eh= A 7 glen, o9 Xﬂﬁﬂ% A& ot}

Boukg o] o 21 4] ] Ao A, 7] vha = 25 WA 35°C, 200 W A] 600 rpm, ai
r 1.5 WA 2.5 L/min 2 pH 6.0 W A 8. 04 v ok © 2 40 WA 504 7F <t =3
Y= Ad = e, ofol Al dhE = A1 ol T

A SHAM, S 27 FAREQ AgE =9 o] & W S|~ A
Aha H A ek ARl Y £ & Al EekE Aol
2o ANE AT I

olat, ¥ g o] AN E HHFH =i %ng}oq B} A AsHA A st
ot e, skl o] AAl el Ed o] fEs T AIskeH ] A g Al o9
olaf - kg o] g ¥ = A1 ofd Alolth

<A 1> 3| 2B d A A 27 A3tE et s 459 A

S| 2Bl AT Sl ] TS 918, 8l B AL A =2 af Fralis
E @ =14} 74 = (pentose phosphate pathway), 3| Z~E| ' A 314 7d = (histidine syn
thetic pathway) 2 ATP A A 7 Z(ATP regeneration pathway) ¥ A 2} o] w2k
e sk A WE E Al gtetar, A7) Az ME S A dEte s £
50l J A7 ghato] 3 /\‘:4“4 SRR =g A i R e e e R s e B Rl g R B
;}_ng ;q] xlo}o:l q_(t 1 zl

A, AE Q=4 A fﬁ(pentose phosphate pathway) 2 3] ~E|H A4 74 =2
(histidine synthetic pathway)2| 7+ &}& 93l thkt 7% AF(Genbank ID:BAB98967.1)

OHF

F
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9] tkt promoter 2 hisD -7 ZAHGenbank ID:BAB99495.1)2] hisD promoterE 31
A T4 32 2 2 E 91 H36 promoter(A] DM & 9) & 1w A5 0| pgi 7 AHGe
nbank ID: 69621401)2] 7| A| =& ATGO A GTGE X &3t 3lth. 2 f-1xbe] =
2R H| wA 2 A7 L] WA S 918 CRISPR VectorE 753tk 471 v
ector®] -5 Y&, tkt 2 hisD F- A A2 RA, LA DS 22 ikt LAF, tkt LAR,
tkt RAF, tkt RA R, hisD LA F, hisD LA R, hisD RA F, hisD RA R®] 3 &}o] ¥ Z A}
23Fo] PCRE &3l 53519 21, tkt RA :600 bp, tkt LA :587 bp, hisD RA :600 bp,
hisD LA : 600 bp&] F- A& G313t} o] % H36 T2 EE] Q] 9] & 9laf &
Yoy 5154, H36 F, R 3Zg}o] 1 & o] &3] PCRS %ﬁﬂ FE o, 74 bp ol
A A S SIS ol F, A7) b S pIvs2 WEll Al
2% WH = 58k pei #3142 7H/\137—1:1: & WAst7] A a4, crRNA pgi
F,R Z&}o|n & o] &ato] PCRE B3 o 3 2E T&35H3 AL, 75 bpel §171
MEE Gre 5 Bd AV LE pIyS2ol E2 st A2 e E 5383
t}, o] F #H & @ =-Q14F 7 2 (pentose phosphate pathway), 3] 2~E|H A 3HA =2 (h
istidine synthetic pathway) 2 ATP #| A 73 = (ATP regeneration pathway)2| 73} &
A&l hisG(X €M Z 1, ATP phosphoribosyltransferase), zwf(*] @ ¥ & 2,Glucose-6-
phosphate 1-dehydrogenase), gnd(*1 @ ¥ & 3, 6-phosphogluconate dehydrogenase), p
rs(<1 @ Z 4, Ribose-phosphate pyrophosphokinase), zisD(*] @ ¥ & 5, Histidinol d
ehydrogenase), ndk(*] €™ & 6, Nucleoside diphosphate kinase), adk(*] € H % 7, A
denylate kinase) 2 purH(*| @ % 8, Bifunctional purine biosynthesis protein PurH)
o] FAATE o Ik WE E A 2Fsk vk A e o] A 22 9 @l hisG
A A= Ze vl gl 2 & F M (C. glutmiaum) 2] genomic DNAZ-E A
3 A ;\1 Ao ¥ ﬂ;}: ] ukaok, de mak 3% a}o] u1 (HisG F, HisG R)g o] 3}04
PCRE &3l SF 502 605 bp2] M L2 TRt Zwf 7 A A= 313] vl =t
H 2]l 2 = FE 5 (C. glutmiaum) 2] genomic DNAZFE A ¢ta 4 A<
otz AU, AW ZekolH (ZwlF, Zwf R)E ©]-83t°] PCRE &3l
o™ 1455 bpo| M E= FH . Gnd A A= ZevHHH 2] = % E} 1
(C. glutmiaum) ] genomic DNAZ B A| gt a4 M I & xghel= Aar It
& 22to]™ (Gnd F, Gnd R)E &3] PCRE F3l T-F 5 M#VK] 1479 bp2] A]
= FRSAT Prs A A= ZE) b 2] = = FEHF (C. glutmiaum) 2] ge
nomic DNAZ B A sta b M AS E361+= et Aubek stglo] ] (Prs F, Pr
s R)E ©]-83to] PCRS T3l 555 3.2 978 bp2| M E-& & K3}t prs. His
D AR Ze v e gl 2 = F B 5 (C. glutmiaum) 2] genomic DNA ZF-E
A ek 7 A }\1 A8 EokE= A H]—G]: od v} &} sz a}o] u1 (HisD F, HisD R)—E‘ o]B.;}
o] PCRE 58 SZFH o™ 1329bpe] A LS SRS TZ2H FHA E p
EKEx2 ‘iﬂﬂ &2 BamHI1, EcoR 1, Kpnl A3t & A E A 2] ¢+ H T4 ligase S 53l L1
gations X3 g 5 A2 WE = 7538 ol %, purH, adk, ndk F A A& S
2}7y Agta s A ES E5tete AWk, 9eF Zefo]l v (purH F, purH R, adk F,

hya
i

A2 x5
o
&5

00{‘
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[85]

[86]

[88]

adk R, ndk F, ndk R)E ©]-83t°] PCRE %3l 5% 919—111, e 411, 546, 1563
bpo] M E S FHEA o] F FEH A} 7l pMT tac ] 1 BamHl Xﬂ Eis
45 A s 5 T4 ligase & & 3l Ligation
o} o] % ?%H“ Bl &2 29t E]- ]a(Corynebacterlum glutarmcurn)
oﬂ A7 25kV)e 2 ga7g _JZF, 7l A A o] 3| 2Ed Ak

& &<l O}Oﬂq TAA R, 15 N AR E 283 (HPLO)E ©]-&3to] Ag
ilent Zorbax Eclipse AAA colum= 7|HF S 2 © & o-phthaladehyde (OPA) - A &}
£ &3l 3| 2~E e AiksE& S48

oabgo M AR E A2 WE H e 1R R 20 YERl e, A
Aol AREE Zeto]n AR = 7 30 YERY ME}. v 2 #5532 50ml
2] CN40 1| A] (containing 20 g/L glucose) & 3§+ 250 ml X & 42 &Fef 22719
A1 30°C, 200 rpm ] =7 0 & 724 7} v %k} o)

“1 A7 & 20 YERY vfe} 2ol TDP 3¢l H] 8] TDPH4 5-+= 1.444l], TDP
H6 <= 2.15-fold 3| 2~E]H A5 0] Ay = A& Gels It 2a, b). &=
ot A E Q=014 3| A8 A =271 ZstH TDP 5= (5.25 ng/gdcw)/] 74 -, wil
d type 3 (1.27 ng/gdcw)®ll H] 3l NADPHZ©| 4.144)] S| & & &A% a1, &+

7FE O 7 hisG', owf, gnd, 2 prs7F A E o] AEQ Z A4 ARV e A4
ol TDPH4 732 74977 ng/gdCW/] NADPH7} A 41 5] o] TDPZ-5=¢] H] 3] NAD
PH A abeFo] 1.480) oS A8 U 2¢). B8}, hisD, ndk, adk 2 purH7}
F7H4 o= el | TDPHG6 v -0l A ¥ {3 A= 2] mRNA Ed &Fo] 2o
= FeA T (5 2d, e).

rkﬁ—“i

[321]
H B 574
pEKEx2 C. glutamicum-E. coli shuttle vector, P,lacl,Kan®,pB
Llori

pEKEX2::hisG*::zwf::gnd |pEKEX2, carrying hisG* (C-terminal area of hisG was d
eleted), zwf, and gnd genes originating from C. glutamicu

m originating from C. glutamicum

PEKEX2::hisG*::zwf:: pEKEX2::hisG*::zwf::gnd, carrying prs gene originating
gnd::prs from C. glutamicum

pMT-tac C. glutamicum-E. coli shuttle vector, Pm,AmpR,CmR,pC

Glori
pMT-tac::purH::adk:: pMT-tac, carrying purH, adk, ndk genes originating from
ndk C. glutamicum
[3£2]
% =4
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C. glutamicum ATCC1303|wild type

2

TDP C. glutamicum ATCC13032 with replacement of the nati
ve promoter of tkt gene and hisD gene by H36 synthetic
promoter and the start codon of pgi gene was modified
from atg to gtg, harboring pEKEx2

TDPH3 TDP harboring pEKEX2::hisG*::zwf::gnd

TDPH4 TDP harboring pEKEX2::hisG*::zwf::gnd::prs

TDPHG6 TDP harboring pEKEX2::hisG*::zwf::gnd::prs::hisD,
pMT-tac::purH::adk::ndk

[3£3]
Zefol (A FHE A | A 7IA A (55-3)
tkt LA F(EcoR1) ATATGAATTCTTAAGTTGTGAGTCCTTAT
tkt LA R(Xmal) ATACCCGGGCAATCTTAAGTCTGGGA
tkt RA F(Xbal) ATATCTAGATTGACCACCTTGACGCTGTCACCTG
tkt RA R(Sall) ATAGTCGACCAGCTGCTGGGTGCCAGCGA
H36 F (BamH1) ATAGGATCCTCTATCTGGTGCCCTAAACG
H36 R (Xbal) ATATCTAGACATGCTACTCCTACCAACCA
crRNA pgi F CTAGGTATAATGGATCGAATTTCTACTGTTGTAGAT
ATGGCGGACATT

crRNA pgi R TTTATTTAAATGGATCTGGGTGGTCGAAATGTCCGC
CATATCTACAAC

hisD LA F (Sall) ATAGTCGACTCATCGGCATTGTTCGTGTCG

hisD LA R (BamH1) |GGGGGGGGATCCAGAGTTCATTTGAATTAGACTTAA
AACTTAAAATGACC

hisD RA F (BamH1) |ATAGGATCCTGCGGGCTTAAGAACTTGT

hisD RA R (EcoR1) |ATAGAATTCGCCAGCCACCGTGCTCAG

crRNA hisD F AAGCTTGCATGGCGGCCGGAATTTCTACTGTTGTAG

ATCCTATTGTATTCC
crRNA hisD R TAAATGGATCTGCGGCCGTGTTACGTGGGGAATACA

ATAGGATCTACAACAGTAG

hisG F (BamH1)

ATAGGATCCATGTTGAAAATCGCTGTCCC
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hisG R (Kpnl) ATAGGTACCCTAGATGCGGGCGATGC
zwf F GCATCGCCCGCATCTAGGGTACAAGGAGATATAGAT
GGTGATCTTCGGTGTC
zwf R (Kpnl) CCAGTGAATTCGAGCTCGGTACCTTATGGCCTGCGC
CAGG
gnd F CCTGGCGCAGGCCATAAGGTACAAGGAGATATA
GATGCCGTCAAGTACGATCAA
gnd R (Kpnl) CCAGTGAATTCGAGCTCGGTACCTTAAGCTTCAACC
TCGGAGCG
prs F GCTCCGAGGTTGAAGCTTAAGGTACAAGGAGATATA
GATGACTGCTCACTGGAAACA
prs R (Kpnl) GGCCAGTGAATTCGAGCTCGGGTACCTTAGGCCTCG
CCCTCG
hisD F TCGAGGGCGAGGCCTAAGGTACAAGGAGATATA
GATGTTGAATGTCACTGACCTG
hisD R (Kpnl) CAGTGAATTCGAGCTCGGGTACCTTAGGCCTCGTCG
GTGG
ndk F GGAGATATCATATCGATGGATCCATGACTGAACGTA
CTCTCATC
ndk R (BamH]1) GTACGAGTCGCATCTATATCTCCTTTTACAGGTTAG
GGAACCAGAT
adk F CTCCATCTGGTTCCCTAACCTGTAAAAGGAGATATA
GATGCGACTCGTACTCCT
adk R CGCGGTACCCGGGGATCTTATTTGCCCAGTGCCTTG
purH F GGCAAATAAGATCCCCGGAAGGAGATATAGATG
AGCGATGATCGTAAGG
purH R AACAGGCGGCCGCGGTACCCGGGTTAGTGAGCG
AAGTGTCGCG
[90] <A Al 9] 2> Iduronate-2-sulfatase @ Kappa-carrageenase?] 7}2}7|d &35
g2l
[91] 2-1. idsA3 FAA R cgkA FAAE D= FAABRA Y A=
[92] FTRF TR e TGH*E‘ A&l heprld Tkl A2 #ad

idsA3 7 AF(1duronate-2-sulfatase) 2 cgkA
1 E & e A A & dd A o A 2F2 9138) idsA3 F

Z AH(Kappa-carrageenase) S pColdl
A= 2 e
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o} Z-ErElY B & 2 (Zobellia galactanivorans) 2] genomic DNAZ-E| A ¢+ 8 4 A
A& ¥olehiz e, e Zelo| W (IdsA F, IdsA R)E ©]438l¢] PCRE 5
3 F=% ) oy 1531 bpe] ML SRS EHZ 14). cgkd AR 2=
Hl 2] o} ZHEM Y B8k 2 (Zobellia galactanivorans) 2] genomic DNAZ B A| gl &

g
2L xg) ab Avraf oJubar 3 glolm (CgkA F, CgkA R)E ©]-&31o] PCR
S S8l FFH A 1641 bpel M A S FHEIATHHLH D 15). 7] 7+
13 = 9] 3 kappa-carrageenase 2 Iduronate-2-sulfatase S %53 8}] in vitro 2
A2 AW A, FEHY ALF M= E coli BL2IO) D FAYY 0T P4
ARt
[324]
= =
pColdII E. coli expression vector, Pespa, TEE,lacL, Amp",Pbr3220r
i
pColdIl::cgkA PColdll, carrying cgkA gene originating from Zobellia
galactanivorans
pColdIl::idsA3 PColdll, carrying idsA3 gene originating from Z. galact
anivorans
[325]
= 57
E. coli BL21 pColdlIl::cgkA |E. coli BL21 harboring pColdIl::cgkA vector
E. coli BL21 pColdll::ids|E. coli BL21 harboring pColdlIl::idsA3 vector
A3

[95]

[96]
[97]

[3%6]
sahol (A g F A |7 D (55-3)
idsA3_F ATATGAGCTCTGCAGCTCGGCACA
idsA3_R GCGCAAGCTTTTAGTTTAGGGAATGTTGCTCTTT
CgkA_F ATATGAGCTCTATGAAAAAACCAAATTTTTATGGC
CgkA_R GCGCAAGCTTTTACTCCACGAGTATCTTTTT

22, idsA3 AR 2 cgkd SAAS A T3

AA o] 2-1001 4 Fr R g A A A o] e A b 2 gkl str] 9 & His—Tag%
o] &% A A 3 SDS-PAGEE 8 at3th. g+ A2 HSHA E 1 mM IPTG &
2 16 °Coll A 1241 3F &< X'l ¢ & A F- gl sto] A2 S & 53530 A /‘ﬂ
EE Z59E ol &ate] Fpfsta YAl Elste] A NE Ehletal F5ste] id
sA3 - Aol o gt Iduronate—2—sulfatas A 0 eokA -7 Aol off ¢ Kappa-carr
ageenase A& A2 5 SDS-PAGE®] =1 3}31t}. 1 2 7 Iduronate-2-sulfatas

jus
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[98]
[99]

[100]

[101]

[102]

[103]

[104]

ol

e X Kappa-carrageenase AFo] =9} 54 & 9 x| o] A WH =7} b= AE gl st
A TH 3a).

2-3. Iduronate-2-sulfatase ¥ Kappa-carrageenase®| 7}&}7| ¢ £3]5 &<l
%} 7| Iduronate-2-sulfatase 2 Kappa-carrageenase2| €4 & -4 4 .2 &Fls}

71 13Fe], A A ¥ Iduronate-2-sulfatase 2 Kappa-carrageenase2| ©]-&3}o], 7}2}7]
W& 71 - & 1= hydrolysis activity w41 -2 78 8}l th 74 4] & =& Hydrolysis a
ctivity2] S48 284, 247 10 mg/ml 2] &5 A=A 1 % (wiv)2 kapp
a-carrageenan®| ©]-8% At} Ztzte] 4 9 7122 1.0 mM MgCl, 1.0mMMnCl,
, 100 mM sodium acetate buffer (pH5.0)°| 4 3050l §+-§-3F ). o] 3, 605 5%-l]
3-8k 5, 990 A DA & Bl vhEs X7 H, 77 A E Q29 Sulfate
o] A& E 3l hydrolysis activity S 54 3191t} & 3¢l 4] Control< 50 mM citr
ic acid buffer, IdsA35= Iduronate-2-sulfatase '+ *1 2], Cgk A= Kappa-carrageenase
W A 2], CgkA and IdsA3+= Iduronate-2-sulfatase "2 Kappa-carrageenase ] &3
2| & ofu| gt}

A%, & 39 e 8Ee} o] Iduronate-2-sulfatase 2 Kappa-carrageenase 2
5 Aol A gk A e S V22 AL W A g AR HEoeR
A ) 8hi= 73 -3¢} Hl a3l o] hydrolysis activity 7} oF 2] F-7F8ki= A& &<l vt
(5 3b). T8k, Zleh7] ol Iduronate-2-sulfatase S W5 0 2 A 2] & 7 3513 -& uj
oF 2mM 9] sulfate7} A AHE S @13 THE 3¢). 7] A& 3l Iduronate-2-su
Ifatase 2] A 2] 7} 7helrl el 712 &4E 2 sulfate S A4 34 02 A A8} aL, sulfat
e2] A A & 3l Kappa-carrageenase 2| hydrolysis”} & #] 3] 57} % = 1S &<l s}
AT

o] 2] &+ A 7} 3= Iduronate-2-sulfatase 2 Kappa-carrageenase®] 7+e}7] ot #-3f &
e A AlEFe FAE IS AR E e 2R B ¢ vk Ale
eivjat, Fhelrd el Bl & Fall d-2A R e o] kS Flgte 24 & ¢l
o] Q uf £ 9] o] &7t Eelst it

<AA 3>ZFER= o FEIEHE FFAS ZvdH e 59

of Astell wheh & APAES ZEEQ = A} 7Hs A
I

ol & R 3| ~E|H o] AibsE Sl
TAA R, 3|2 ArE 2Tt Aetd A g vl g% o= (TD
PH6)°l| ZHel & @ = o] & 7d 2 (galactose uptake system)2] =& 9 8ll, Saccharo
myces cerevisiae 1 @] galactose transporter - A A} X ZEE @ = hALE SHE. ¢
oli K-12 strain W] Leloir pathway & =3 th(= 1 #=x). 2+2be] {f-Ax&2
ke W E| Q1 pEKEx2 W E 2 5 9] %] 1T}, Galactose transporter= 2 % gal2
HAAHA EHE 10)5, S. cerevisiae®] F-7 74 DNAZ-H At it M A2 Eg38)
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[105]

[106]

2

= A, 9 Zeto] (Gal2_F, Gal2_R)E o] §3}9] PCRE & H ZFZ Y
o™ 1725bp9 L& SRS e AT EQ = o] & AR o ] 2 43}
£ A8l galT (1 €HZE 11, galactose-1-phophate uridylytransferase) 2 galM G
HE 12, Aldose-1-epimerase) A A= E. coli®] 2 X DNAZF-E A|d+5. 4 A
A L3t Aer, o wkak 3 glo] w(GalT_F, GalT_R; GalM_F, GalM_R)Z ©|
&5t PCRE‘ <3l %%H om, galK (A€M 3 13, galactokinase) A A= 2
2] ] Hh ] Fr(Corynebacterium glutamicum)2] - ) DNAZ F-E A
g Ankak, ke 2 glo]l v (GalK_F, GalK R)%— o] &3}
717} 1296 bp, 1041 bp, 1047 bpe] A A& &1 391}, 3]
A A3 vt gl w520l gal2, galT, galM %
1B 2 m9lete] 2t EQ > o] 8 ARrt md g4
H g 2 A Zslar, o] o ZEtE ¢ = o] & 1 3| AE|Hl o] A
At B FE A A 52 50 mle] CN40 ¥ A] (containing 10 g/L g
alactose)g ﬁ?} 3t 250 ml X1 ¥ 42 Zef 2~ =0 A 30 °C, 200 rpm <] =71 2= 36
A NSIE, 2 AU A AT HE S BT 7R 80 ey
Row, Zefol = ;9o e AT
1A = ]‘JrE]r”J 3}9}%01,7&259‘5 ol-g dE7F =dE wFol M=
2 7

ko

o

& r{r =
4
4

=z
“F

ot
-

4

oY, o

H
_\ﬁ—ﬁﬂm.@"ﬂ
1T oY 32

R
m%t:
AU SR DY
o ol
rlzm&—“i
lNWIO

00
8
N
ft
kel
et
ot
i

k‘l

K

ARG

kv

_1111
;m_rr

Ml e ol

oo

i3

gelstsl E}(E 4a) ot 67\]7JEH 3| ¥ yield7} oF 3 mg/gh=Z 7Y = 7] 1
E]r%% AT 4b). o] B 5t 2315 B8] A EQQ = o] H2r =qdd
HAAHE e g o5 Z2E9EQ 2 S ARSe] 3 AW E AL
4 9182 Bl

[3%7
e =7
pEKEx2 C. glutamicum-E. coli shuttle vector, P,lacl,Kan®

,pBL1lori

PEKEX2::hisG*::zwf::gnd pEKEX2, carrying hisG* (C-terminal area of hisG wa
s deleted), zwf and gnd genes originating from C. glu

tamicum

PEKEX2::hisG*::zwf::gnd::p |pEKEX2::hisG*::zwf::gnd, carrying prs gene origina

rs ting from C. glutamicum

pEKEX2::hisG*::zwf::gnd::pr |pEKEX2::hisG*::zwf::gnd::prs, carrying hisD gene

s::hisD originating from C. glutamicum

pMT-tac C. glutamicum-E. coli shuttle vector, PIM,ArnpR,CrnR
,pCGlori
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[107]

[108]

[109]

[110]

pMT-tac::purH::adk: :ndk pMT-tac, carrying purH, adk, ndk genes originating

from C. glutamicum

pMT-tac::purH::adk::ndk::  |pMT-tac::purH::adk::ndk, carrying gal2, galK, gal
gal2KTM T and galM (gal2 is originating from Saccharomyces
cerevisiae, galT and galM are originating from E. col

i K-12, and galK is originating from C. glutamicum)

[3£8]
= 57
TDPH6G2 TDP harboring pEKEX2::hisG*::zwf::gnd::prs::hisD,
pMT-tac::purH::adk::ndk::gal2KTM
[3£9]

Lol |A7IMA(5-37)

Gal2_F CCAAGCTTGCATGCCTGCAATGGCAGTTGAGGAGAACAA

Gal2_R TGGCCATGTATATCTCCTTGTCGACTTATTCTAGCATGGCCT
TGTACC

GalK_F |ATAGTCGACAAGGAGATATACATGGCCATTTGGCAGCCAA

GalK_R |ATAGGATCCCTAGCCCTGTTCCGCGAC

GalT_F CCCGGGTACCGAGCTCGAATTAAGGAGATATACATGACGCAA
TTTAATCCCGT

GalT_ R |GTAAAACGACGGCCAGTGAATTCTTACACTCCGGATTCGCGA

GalM_F |ACGTCGCGGAACAGGGCTAGAAGGAGATATACATGCTGA
ACGAAACTCCCGC

GalM_R |TCTCATCCGCCAAAACAGGCGGCCGCTTACTCAGCAATAAAC
TGATATTCCGT

<AA A 6> BHEQZ 0] T EUE IF9 BHEL= o] & HH W=

ZVerE Q@ Z o] &5 %EH%‘ #1 &l Fermentations 53] 28 &E Q% o] 8 50o] &
e 759 HA MYz E& T3kt 471 5= BHISG (20 g/L glucose 3
7 g/L brain heart infusion, 91 g/L. C¢H,O¢, 20 g/L. CsH,Og, 25 ng/L kanamycin %= ! 10 W
g/L chloramphenicol) 2L A Wl %] o]l A 30°C = 24| I+ & QF 0l @&+ F | pre-culture me
dium (3 g/L peptone, 1.2 g/L. potassium dihydrogen phosphate, 2 g/L sodium citrate, 3
g/L yeast extract, 20 g/L glucose, 1 mg/L biotin, 1 mg/L cobalamine, 1 mg/L pantothe
nate, 1 mg/L thiamine HCL, 1x trace element, pH 7)1l 4] 30°C, 200 rpm 2. = 24| 7+
&< wjFshel T, o] %, 2L.2] CN40 medium (4.54 g/L peptone, 8.0 g/l ammonium s



21
WO 2025/079998 PCT/KR2024/015364

ulfate, 2.0 g/L potassium dihydrogen phosphate, 20 g/L. corn syrup, 2 g/L sodium citrat
e, 8 g/L yeast extract, 40 g/L. galactose, 2 g/LL MgSO,, 10 mg/L biotin, 2 mg/L cobalam
ine, 2 mg/L. pantothenate, 10 mg/L thiamine HCL, 1x trace element) ol 41 30 °C, 200-6
00 rpm &= 45A] 3t & QF vl I T vl &k Al airt= 2L/min, pHT 7.08.2 24 5
o, DO 20 oF 2 W E ZEA] rpmE 208 F7FAI A ZHE 20001 A 600rpm--
FHHE v FH A

[111] 1 A3, & 59 YERd uke} o] BHISG Wl Al 2 pre-culture medium®©l] 4] W] &F
o EFE ONG0 M| Ko HEE F 2401 7b0] TSRS W) ZEQ = o] %
o] 100% = =¥ & Folste] H A ZateE 9 % o| & wudFE AL 4He9 )

[112] &, 5 6o ehd vhe} o] ZEE S =5 100% 42511, o 0.4 g/Le] 8]
HE e QNS Belste] A A= o] § WGz AT,

[113]  ol/dol A & vhef o), &g of 44| 2| 1 A A o & Al sk A A2 = 9
o, 2 o] AMGE old stz TP AR AR ARG A Wl v

LT 27187, 4 58 Fefol, Snsl o
= 5]

ol

[} ] j .
V*Oﬂ*ﬂ 7]€5P *‘/\1 Oﬂ%% HE oA oAl H 1 Aol gg H o] ofd Ao
& ol aobut ek, ¥ o] Wl B4 @ A ARk F4hs 59
A7-91 W9lol o|5pol vhehRo} A, SEEREEE
RE NGO ERE EEEE RE
of 3£§H¥ = A o= &4 5 ofof g
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(478 1]

(747 2]

[ 3]

[P 7~ 4]

(%45 5)

(35 6)

[ 7]

[ 8]

[47% 9]

AT

ATP phosphoribosyltransferase S % 3= % A}, Glucose-6-phosphate 1-
dehydrogenase & 3 3= /% A}, 6-phosphogluconate dehydrogenase &
9 3Fi= - % A}, Ribose-phosphate pyrophosphokinase & % 5F+= - % A},
Histidinol dehydrogenase & 3% 3F+= - % A}, Nucleoside diphosphate kinase
& I Y 35F= -4 Ak, Adenylate kinase E 3 8= #- #} 2 Bifunctional p
urine biosynthesis protein PurHE F 6l -4 A7} 2k | &2 A 3t
AdlEte g & & 75
Aol JofA,
}7| ATP phosphoribosyltransferase & 4_%1 Shi= A A

VIMER FAEE S 5 0= sk, d A A et ]

2

2 N X

ﬂl@d o] A,

7] Glucose-6-phosphate 1-dehydrogenase & T 8= A A= A AW E
20] AVIMLE BA Y= Als SR o=, A A g vvbeH o =
& 5
7] 6-phosphogluconate dehydrogenase & 5 8= F A A= A AW E 3
o AVIMLR BAHE AL EH R a1, P2 A3 mede g+
&g
Al1gtel oA,

/7] Ribose-phosphate pyrophosphokinase S ¢ 3l= F A A= A dHE
49 IV7IMEZ FAH = A SH 02 o=, S A vlHtel =
&g

Aol JofA,

Pz Al AW se] 917]4

%} 7| Histidinol dehydrogenase & 3 =
AR s & A

Oaﬂiﬁj\]gb_ﬂ Z]O;EEL_ }L‘
A1l $lel A,

}7] Nucleoside diphosphate kinase & 9 5F= F A A= A EHE 62 &
ZIMEE FAEE S SR o=, dAAg I g R & o

051 ol

13}ol] $Jof A,

4}7] Adenylate kinase & 5 8} %{X}% MAHZ 79 VIME = &
AE = A& 5o ® o=, JAxS ude g w & o5
A1) sloiA,

%} 7| Bifunctional purine biosynthesis protein PurHE 3.5 6}
AHZ 8o VML E FA M= AL EF 2R of=, §2d 2

Hel e & =5
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g 10] A1l $loi A,

/\1—7] 6321x4§L]. :/E]Lﬂma]g]% ﬁ_l: ‘ELTL tkt $
! hisD
oterE A 1A 3 2 W B Q1 H36 promoter® 1L A| ¥ 31, pgi -

enbank ID: 69621401)2] 7| Al o] ATGo A GTGE X 3+¥ A
12k 51¢] v =l

67.1)2] tkt promoter %

?-_3}1:— 2‘5321x

e 11 A10F el 2holA,

}7] H36 promoteri= A€ H S 99] 7|4 d =2 &
Bl=, A A3 Iy Hbe 8] =

A7 12] Al glolA,
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-7 ZHGenbank ID:BAB989
7 AH(Genbank ID:BAB99495.1)2] hlSD prom
TAAHG

O A~ =z
= & T

A =z
= .

A7 FAAS g vt gl w & g AE Q=214 A = (pentose ph

osphate pathway), 3] Z~E|

A2+ 74 2 (histidine synthetic pathway) X AT

P #| A 73 2 (ATP regeneration pathway)7} 73} 71 <1, &2 A 3k 72 Y|4}

)
A 18kl

& & 27
o1 A,

[7d 78 13]

7] A A3 FelvehE 2l % & - galactose transporterS %

af

+ A A}, galactose-1-phophate uridylytransferase S 9 3h= 7 A A 2 A

ldose-1-epimerase & T 8= F A X} 7F =
TR O S ) = R A s B e

T

14]  Al138kel] 9o A,

%} 7| galactose transporter&

[%

[e]

7

ol (Saccharomyces cerevisiae)

el 2l & o=

[gT& 151 A13Fe] 1A,

%} 7| galactose-1-phophate uridylytransferase S =

293}

Q1% 31, galactokinase &
gk e dute gl 5 & 7

]:].:_

‘1__00

Q3= A4 A 2 Aldose-

l-epimerase & 9 5l 7 A A= &<t (Escherichia coli) e 91 A& &

2 oig}: & A %

Fdr@d16]  A13F el 2lofA,

27 ARG I ete el R

e uptake system)7} =% ¥
A1sk WA A6 5 o=
9o, B ~EH LS
A1e 141%] All6d 5 o =
m Fah=
AALEF= v
=T, el
A8 Zev|dhe 2] &

(7478 17]

[7d -8 18]

(7478 19]

AE E3aha,

Ak Aedlate = & T

2
o
ol
it
o~
fra
=R
o
Q
S
w2

ot
A=A RE]
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- i gl Coognd rs hisG* ;
G6P e $PGL v BFG e RSP ?’“‘PRPP ,,»»s ~~~~~ » PRATP IeE PRAMP
N R ORL, : y
G Py i REP { : : hist
Xu-5-F, ) : ATP = AMP -+ Adenine

im 6P ; - )
of T _ W adk/adk 4 $ProFAR
: ‘ it AP srp  FRA :

% F-1.6-81 ; il ' RN IMP —+ n0gine
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1 Cgka 81.5 kDa
2 jdsA3 61.4 kDa
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