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e 2az Hg A 0.D.600nmE 156-1612 7| =3t R-P66 i 98 A
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TR 1-9-3, AT ANEE T BIAIUE e 16
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92 312 A AA B 7] AAA AFF TFEL e 97
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18 3-3-2. W £k pH, DO, air 2 agitation Speed - 44
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19 3-3-4. A2 B0 98 A FFF B o] AT e 45
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a9 3-3-10. F7F2 ¥g @ HA2E goAe] R-P66 1B. AAE o 49
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1% 3-3-32. Nano disperserg ©]-&3F 23 gt 23] E R-PE6 LB. 3]G oo 61
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H 2 =le 7[se e

2, 98 BoplA Q¥ BAE A ARe ArtrnE

o duk A Ao F8 AAAE= Novozymes, Genencor (DuPont), BASF, DSM %o] glo

oA AA & A oF 70%ZE Novozymeset Genecor 52 54 710l ZHsta e

0  Novozymes®] At &4+ Animal Health&Nutrition, Agriculture, Bioenergy, Fine
Chemicals, Food&Beverages, Household care, Human Health, Leather&Textiles,
Professional Cleaning, Pulp&paper, Water&Waste, Adavanced Protein Solutions, Carbon
Capture % Aquaculture 9ol AFE5 = tdd a4 AFoly, 5 244S Aok gy

Fo] oA Novozymest HF&A AES A33HE 2-1-1)

o Novozymes2] a2 5 3] 52 WHEE Bacillus 5219 subtilisin®. = Hi 4 -+

aa
°F 50Cel™, dA7HA Z&std AT A= @i Eares gl

O Novozymest AA W AlH&dAe} A 2 AAS g Aol dish duwladFe|gsrel WA
o

AAst= BS 53 E HAsta glon, dd g

o

2 O3 BEA A 7ES Heea 9

o Novozymes? 7F4 419 HEA= A HEA7F 78 Evity®2 €443 boron—freeo] 4,



BEA 24 AR 9 A

© Novozymes?] #x4 7|#e FT3] A2

S # subtilising! Savinase®#} Polarzyme®e] ", Polarzyme”

MAE AE

o @A AQE v

Ro

Polarzyme™ =

Polarzyme®& 40C<] H 1

BN

Bl gsoA 7H4 Hold A4
Savinase® tH] 10 2 20Tl 20 ~ 30% 2 10%<] A AM A Foln,

24 T syE AAAA=

S 7= 10 3 20TolA 20 3 60%°] g dS B

™, A A Novozymess 200549 ZAE U Polarzyme®e] @ HujE a1% &S (%

2-1-1)

¥ 2-1-1 NozozymesAte] protease T A%
=
Protease 4% A4 ;l;i; 53
Ronozyme®ProAct Animal Animal Endoprotease
. Health& in O
ProAct360 Nutrition n n Broad specificity
o Serine endoprotease; pH 7-10 or pH
Sustine~210, 211, 220, 230 Fine 8-10; 30-50°C e
— ) Protease — . or 39 0C -
Sustine 240 chemicals Exopeptidase; pH 6-8; 45-60T
Sustine®250 Metallo endopeptidase; pH 7; 40-50C
Alcalase®” pH 6.5-10; 60-75C
Flavourzyme‘@ pH 4-8; 30-65T
Neutrase® pH 6-9; 30-65T
Protana®Prime Animal pH 3-7, 20-55C
Novo-Pro®D ) pH 7-11; 55-75C
Savinase® protein pH 7-11; 55-75C
Protamex” Food&: pH 6-9; 30-65C
Protana®UBoost pH 45-10; 40-65C
Novozym®11028 Beverages pH 45-11; 35-75C
Neutrase®conc BG pH 6-9; 30-65T
Flavourzyme®conc BG pH 4-8; 30-65T
Protamex® Dai pH 6-9; 30-65T
Alcalase®conc BG, Pure iy pH 6.5-10; 60-75C
Formea®CTL, TL, Prime -
Galaya®Smooth -
Liquanase®EVity Boron-free
Progress “Excel, Key Boron # 7}
Progress@)UnolOO Hosuehold | Laundry Boron-free
Progress®Unol101 Boron # 7}
Savinase®Evity® Boron-free
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20183 H-E Novozymesi= ‘Climate water and Climate action'S 93+ A4 34 /S
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F A (enzyme)= EE AoldE 71419 AESH ZvjAoly, “Green Chemical’ &2 4t

o Wstol] we} TS Abgel A ARRE AL tH(Naveed et al, 2021). 2179 &5 HAAA
B & W=t ok 7
e AAl Clghe trekdk =7ke] AAl A om JtEEE 1 Y SAEAZS sder] 93
ek F bR &4 AP ohdd A Y-S B itk 71E Sy a4 S
3} Z(protease) ™= AFY & TAEN 7P Ho] AR

A tH(Kumar and Sharma, 2016; Nigam, 2013; Rekik et al., 2019). ©rulz o] Elo]=
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¥+ protease S84 %2 AU ¥3d AA A A9 oF 40%, A& Ao
°F 60%E M3t Ath(Muthulakshmi et al., 2011; Rao et al, 1998; Sharma et al., 2019;
Wahab et al., 2017). Proteaset= ¥H¥td oz 8 T~ 90 kDa®] FA#o]m (Maitig et al., 2018;
Souza et al, 2015), &4 AR, &4 active site, &4 &4 pH = 712 ¥ES- typeol wef
233 & 9th(Naveed et al, 2021; Rao et al., 1998).

e, ve 2 e 22 U

rob

2ololE f-7)AlE= EF proteaseE A AFgkth(Naveed
et al., 2021). A& 9 # 4HZ proteaser Papain, Bromelain, Keratinase % Ficin®] %l
t}(Naveed et al.,, 2021; Sawant and Nagendran, 2014). Papain< 3}3}oF Auf latexol 4] <&
T Qo ZY proteinase?}t peptidase?] isozymeo|™, WS pH HSI(pH 5.0 ~ 9.0 540

AL, FAFE S 9 @A 45 2k 3tk Bromelaine IQIHE9] 9 3,

N
N

%0
o

9 A A AL 4 9= cysteine protease® QALY AAS FAsE Aow 4HA

Ho
g

(Chanalia et al., 2011). 9% 2&2% <okm 2 wuk Rgjo] A}R3}= Keratinase &
tenderization®] A}-&3}+= Ficin(protease mixture)S A 4+skt}

5= 9 protease= trypsin, rennin, chymotrypsin, enterokinase, elastase, thrombin,
pepsin 5 ©°] U TtH(Naveed et al., 2021). Trypsin<e oA WAHEE= A3} 79 serine protease
2 AT A Ax, g5 EFHo =2 AlgH U (Rao et al, 1998). Chymotrypsine 4, ¢t

& Hokoll AMRE = a7k &AolW, pepsine AHdAlA A (pH 6.0 o] delA WAd)S zE
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= aspartic protease® A% APl AFEEH I 9 tH(Veloorvalappil et al., 2013). Rennin
pepsin B A7REsfo] 93l rannet AT AA EAF o= HFE = protease®E frAFE A
of AR&¥ AL QT

vl A& F2 9 protease subtilisin, subtilase, proteinase K, thermolysin, collagenase &
o] dth(Naveed et al, 2021). 2= & el protease 1 life-time, Av] &3k, Fd=}

2zl ol @ SO AbdA Agkel glojM AlkAelm Rz, Ab4de] proteasei= h-E W

0
il

Fadlel &4 53] AE 9 FH] protease®|th. & A, protease= w3FO], Al E TR T2 U
g A EEHo] vdd Aol A&Ea vk wFo] 9] protease= W 7

29 37 b, W2 71 WY HH-o] 2o, Genetically Regard As Safe(GRAS) <!
o7 A3 Ao gy o] g% dti(Benluvankar et al., 2015; Sharma, 2019). Protease A3

o
O

Jz

e

TFo|2 = Aspergillus, Cephalosporium, Fusarium, Rhizopus 2 Penicillium spp. & ©l
A tH(Charles et al., 2008; Novelli et al., 2016; Oyeleke et al, 2010; Sharma, 2019). A|3F<]
protease UlH dZE|doln =2 FHu &4 2 AiEo =R Q3 7k, A%, Mg, 43
SOAA AbF I A2 vhekRE Aol A de] o] ¥l Tk A AlAHoR THE & Ll A
i 3 protease= Bacillus spp.2 subtilisin®]®, 4wty o g Ak}iol Mt #F protease
50 7 70°C % pH 8 T 12 =AM =2 &S HAt(Santos et al, 2018, Romsomsa et al.,

2010; Veloorvalappil et al., 2013).

(1) Exopeptidase
Eal=1

ol

Exopeptidaset= ¥ 2 2] polypeptide chain®] @t F-Lo| 4w peptide 23S #+
N- 2 C- It zgo] w2} amiopeptidase(EC 3.4.11 % EC 3.4.14) ¥ carboxypeptidase(EC
34.16-34.18)2 TFEFEtHRao et al, 1998). Aminopeptidaset polypeptide chain®] N-Zehit

Bl 1, 2 == 3 9 ofnxAS <A o] 7pEEEle] single amino acid, dipeptide T

’

rr

12

tripeptideS =3}, dipeptidyl peptidase, tripeptidyl peptidase® Al&3} & 4 gt} dwk=
© 2 aminopeptidaset™= Alvt#} Fito] Xshel thefFst v A Eo A Wo] BHEY, gl HE

Wi A A8t (Watson, 1976). Carboxypeptidaset= polypeptide chain®] C-ZwHS 212

Olr
2

o single amino acid %% dipeptide® %W =73t} Carboxypeptidase™= active siteo] w2}
serine(EC 3.4.16), metallo(EC 3.4.17) % cysteine(EC 3.4.18) typel. & TFH %1 o] Qo]
peptidyl dipeptidase(EC 3.4.15)¢} dipeptidase(EC 3.4.13)+ carboxypeptidase® X 3&+FF ¥t}
(Rao et al., 1998).

(2) Endopeptidase
Endopeptidase(EC 3.4.21-3.4.34)+= 7129 N- = C-gdo=zZHE H 9 X2 peptide 2
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S Vet E4 R, F8] oln| At = carboxy groupdl old] &4 o] A H=
tHRao et al., 1998; Sawant and Nagendran, 2014; Siroya, 2020). Endopeptidase= active site
of we} serine(EC 3.4.21), cysteine(EC 3.4.22), aspartic(EC 3.4.23) % metallo protease(EC
34.24)= A&zt

(7}) Serine protease

AA7tA LdH A protease?] 1/32 serine protease®|™, T2 serine protease:
endopeptidase®] < 3ttH(Page and Di Cera, 2008; Thakur et al., 2018). Serine proteasei=
aspartic acid, histidine ¥ serine®] catalytic triadE 743%™, 7| 225 E acyl-84 THAE
HAste] 714S 7R3 Serine proteaset YWrHow FA 2 A7y pHolAM FA S
et HZA o =74E& pH 7.0 ~ 11.00]t}. Serine protease®] 7} &= 19 15 S alkaline
serine protease® 7] Z 9] tyrosine, phenylalanine %3+ leucine 919 peptide bondE 7}
3 stt}. Bacillus, Arthrobacter, Sterptomyces 2 Flavobacterium spp. s°l 4 alkaline serine
protease”} AAtE = Aoz deA Ut}

(1}) Cysteine protease

Cysteine?} histidine®] catalytic dyad®] active site®= T/ ¥ cysteine protease= & A}
=9 A3 AE EFolA HAEY, 54 HH Z4 230 pH 60 T 80 B 50 T 70Tt}
(Muhammad, 2011). ¥¥+# © &  cysteine proteases SAA7F S wf A 3tw ], 231A o
o&] A FAo] JA|lFtt. Cysteine proteaser= papain-like, trypsin-like(arginine ©}w] =4k

ZF7] Q14]), glutamic acid 5014 &4 % 7|8 242 FHHH(Rao et al, 1998).

(t}) Aspartic protease

-5 2] aspartic protease= pH 3.0 ~ 4.0914 Hd A4S YeElH, ¢F 30 T 34 kDa]
eSS zZh=tH(Rao et al, 1998). Aspartic protease:= 3F #}9o] asparate® TAHE T
catalytic siteE &3] Fuldt&S T, 55, AE E vAZdA TR vAE {9
aspartic protease= Aspergillus, Penicillium, Rhizopus 2 Neurospora spp.2] pepsin-like &

29} Endothia 2 Mucor spp.9] rennin-like &4 2 s 4 otk

(2}) Metalloprotease
Metalloprotease= 27}2] 5<% o]2S 2
A PR A Y Fos Aow A AtH(Ellaiah et al, 2002). Metalloproteases %42
E

dAYg oz A, pH 5.0 T 9.004 HA e 24 BelY EDTA 22 =5 2 <l

el

aw &u, B3 ol 2 BHe Fh B4 o

ol

k'
%

|

2L

2



e

[e]
s

95 2+ metalloproteases= collagenase, W] &34 =&, thermolsin 5°] Ath

o3l 2
v} A+t -2 alkaline serine protease (subtilisin)
Serine protease= 670¢] FdWow IFstd ¢ 9Jom o F U F FHS

(chymo)trypin-like®} subtilisin-like(subtiliase)©] tH(Ronald et al., 1997). Subtiliase= Bacillus

|=]
g dR o

ot

spp. & subtilisin, thermophile¥} halophile V] A% 2] thermitase 2 %3,
-S54 M9l proteinase K family® Y& 4 At} Bacillus spp. 81l subtilisine + HA|
2 I serine protease L& % alkaline serine proteaseES WX 3dtHRao et al, 1998).
Subtilisin Carlsberg+ Bacillus licheniformiso A 2% o™ subtilisin NOVO<} BPN' &
Bacillus amyloliquefaciensll A 27 F At} Subtilisine 60°C, pH 10.014 HZ2] A 54
o] 9lom Ser22], His64 ¥ Asp32Z T4 % catalytic triadE &3 FHHS 712 5olA
PARIRNINE 3

559 alkalophilic "] &S alkaline proteaseS AAF3e] Bacillus spp. &= 22 A

ftlo

i (Pseudomonas, Xanthomonas, Vibio, Kurthia, Sterptomyces % Psiloterteredo spp.), 23t

=

=

(Aspergillus, Dendryphilella 2 Scolebasidium spp.) % 2 X(Candida, Yarrowia 2
Aureobasidium spp.)t© alkaline proteaseE AAtst= Ao ® d# A tH(Kumar and Takagi,
1999). Atdel #AolA, HE 9 Bz HAstE alkaline protease At &5 FA6haL,
AAANS Add dXo] alkaline protease(t ¥ Bacillus spp. +2)5ko] theksk 2-do] 2 &

HAow, o] FAES AHHQ] A4 IS o] Fa Ut

¥ 3-1-1 483}t alkaline protease(Kumar and Takagi, 1999).

Organism AEH A A}
Bacillus licheniformis Alcalase Novozymes
Alkalophilic Bacillus sp. Savinase, Esperase Novozymes
Alkalophilic Bacillus sp. Maxacal, Maxatase Gist-brocades
Alkalophilic Bacillus sp. Opticlean, Optimase | Slovay Enzymes GmbH
Alkalophilic Bacillus sp. Proleather Amano Pharmaceuticals
Aspergillus sp. Protease P Amano Pharmaceuticals
Protein engineered variant of Savinase Durazym Novozymes
Protein engineered variant of
. . Maxapem Slovay Enzymes GmbH
Alkalophilic Bacillus sp.
Protease from Bacillus lentus
, ) Purafect Genencor
(Expressed in Bacillus sp.)
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2. Protease®] W34+

2021 A AA ®A4 A 1249 2=, 20309704 A 6.42% 2 o] o=,

2022 A AA SUMARHEL A 209 D, 0330744 AR 7.8%2] Ho] o
H2, Protease 9Al Sol4, 714 Sol4, AR Fo Edoz AA A, 2 A
9 R&D, 7HE 7hE, AE A, &F M2 A= AE AX 2 9x g HEonyEe &

3¢, P ], e Ak # et o A3t v o B2 A ZokelA ARgE L
=
[¢)

AeH, 4

Munawar et al., 2014; Muthulakshmi et al., 2011; Wahab et al., 2017).

7}. Subtilisin

(1) AA 2k

1963 Bacillus luchenitormis®] subtilisin Carlsberg7} A|A] AF¢lo] =<}
o] wro] o] FojH}. dA, AY FA9 30%+ proteaseo]™, AWy we
A proteaser= FEZAQ A st LA F SR o 7] dvH(Naveed et
AA L 202213 MA A Al oF 15439 ¥ 2 odEy, AFT 63% AYTE
2020 °F 24209 ¥ tRE Y4 AR oFHET.

Laundry Detergent Market
Market forecast to grow at a CAGR of 6.3%

USD 242.94 Billion

USD 154.34 Billion

2022 2029

a8 3-1-1. A AA AEAA Y Fa?

1) Enzyme Market, Precedence Research, 2022
2) Protease Market, Future Market Insights, 2023
3) Laundry Detergent Market, Research and Markets, 2021
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AA ALES = a45 g o4 A8S 9 22 584
protease= AlAS] EWA Wy @ AHIAA|NOR A A7 oHE EF AAZS Y AR

HH(Khan, 2013; Thakur et al, 2018). @A A|&A A8%+= AA|E protease UIHF-E-2>

A2 prRdsE Aow

M

Bacillus spp. &1 ¢] serine protease®|t}. Subtilisin 2 alkaline serine proteasex <72}, &

of B 7e AA =R Q] 2AE ug A5 AAS D 5 A AT V1E Sl

=

o

Zka gtk HEA] A" AAldE B Sol2Ad AWGdA 2 MA H7b &EE(AEEA
R AYle]lEA] 5)o] bl Aar, ool wel =2 pH B H2 2% AlY xxo] &
7] wjitol subtilisino] o] ARE-H ST}

AAE oAy A 4719k oz Aok 2 3409 Fol ek Ao Asor e 2TojA
S 72t protease &80 vFEA A o AR 3L dtH(Rao et al, 1998). L3t =S =
o] i protease ¥ 3t multi-enzyme(lipase %=+ amylase 52 F7F H7bo] A7t AA A&
Fsolua Aok 22 2% AgdA Al W stetEd 9e FE8AS Hol7] wiEd,
oA 59 d=F AA FZE&o] W ve X Age F&AS BASY Y8 ALA
protease 837} R 3A N AA7FA] A4 protease?] F83F AldlE= gltH(Bjerre et al.,
2013). 4 A Alol= F2 amylase % lipase’} AFEE ot 25 2]7] MZFH7Ie] BE E7}

2 protease A& HIE7} =o}X| a1 9l

i
>
N

(2) 9=717] AMAA

o777l AHE =3 7IAIA mkE AAlE ol &5t olEd S AAstE HAHORE Ao
ol E A9 MAES AAGE BE &5 BB H dAlel AAsor goH). o5 7]7] Al
212 Presoaking/precleaning @} automatic cleaning®] Aol &3alw, olm7]7] Az & Hif,
manual cleaning 2 disinfection®] IS A 5717 AAFEEH L 9l

gm7)7] AARAE FAAMA, oA e ofdAdud AFA 2 2Ah HIF ABACE U
24 AAAE dd, Ad 5o duwdo] FAAER] FU1= AAd HAUH, thE MG A ] H]
o st =Ae] Axlol Stk 20199 A AA o577l AIAA Al of 189 dEglow,
79%° AR AFER Qdste] 202500 A FRE 269 SRR .

w4 B o Ak A Wwe S FaeE 4, A9t A S 2 2020 el
gk COVID-192 Qlaf AAl Al AGES dds Hods 3oz 439, 20149 =4
T 2 YA HAS 685% YW 79.6% = &4 MAAE AFEsta 9o wla CDC Guide
Line, ¢ 2o, a3 3] 2 A gl A4 g3 52 &4 AZA AHES dast

I A t}H(Jeong et al., 2014).

4) O|27|T AR 71T U 2E A KA, BARARDA] H2020-295%
5) Medical device cleaning market, Markets and Markets, 2018
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Medical Device Cleaning Market. By Region (USD Billion)

2.6
—
1.8 .
2018-e 2020 2021 2022 2023 2024 2025-p

m North Amenca ®Eurmpe Asia Pacific ® Latin America ®Middle East & Africa

a9 3-1-2. A AA 987171 AARA A FRd

g4 MAA = single(subtilisin), dual(subtilsin®} amylase) %=+ multi(subtilising

11)(e3
H

[\]
o\

o]49 &) enzymed Wlo] A AHEA A, buffer, HEA, A ZgEA, AEZA 2
224 Sor FARET WAIA 7 9 accerssory, eV, A7), W) 7]
2 71T 2 EAFEMTIT S AA ARREI e 24 AAAE oF 50%]
A= A A7 AA fF biofilm B 7ts &2 Hit A MG @Adelrt. dA <
58 &4 AAA AF AEZEE 3M A9 Rapid Multi-Enzyme Cleaner(RMEC) 2}
Johnson&Johnson A}F2] Cidezyme S°] ATt + AF EF T4 pHY AlFolH, AsAH7]&

jules

i

A&

RMEC+= subtilisin, amylase, cellulase % lipase &% &42 745 o Cidezymes

5% ©o]3Fe] subtilisin®] #7}E o] At}

(3) A&
= APRAIES 2020 42499 2E o, AW 46%°] HFER AT o 4
Ha o). &5 AR A45E TRt 4R wWiAE ARS dEAS Eole d AH
o= AR
2016 =uje] gstAld MRS SIS 40 T 250 mg/L olske] F Aok e
g0 Agata vk FEH dis fdl, T5 AR &Ea AREo] 7
23S SVAIIE A2 e A HGupia et al, 2022).

53], & AR protease= otvwAt ZHEA B, AR B A &ske A, A &EA, #

’

AN

>

o
o

-

A7 59 A o]HE Host= Ao w e F tH(Cowieson and Roos, 2016).

6) Animal Feed Market, Polaris, 2021
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Animal Feed Market Size, By Region, 2016 - 2028
(USD Billion)

I I aza'm I I I I I

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

® North America wEurope M Asia Pacific  ®mLatin America ® MiddleEast & Africa

a8 3-1-3. A AA B2 AlE A FrY

F EAES HEYd R HSAHew

Bacillus licheniformis®} ©] Mol Al Aiks &= A=
dEo] A AME AMS §4 v B lichenitormisE T2 3] AAE AL 9 tH(Cowieson and
Roos, 2016; Pariza and Johnson, 2001). a2l A B. licheniformis®] subtilising T35 AM&3F
TE AR A AEE d@A7A QA W, A2 EU 4 N1831/20039] 2 Akt g A3
(EFSA, 2012)E &5 subtilisin®] @5 AFE AF7F B3 & A (Cupia en tal, 2022). o]
T MEW, subtilisin® MXESA, FA=S, Al A54 R ok Ay FAE&S d
o717 o, A AF L Aty 43 AES NHAA AT weEbA, subtilisine AFE

A AEO FE TR FAE AL 9k

1}, Proteinase K

COVID-19 sHu9ew FAIG(FFE T AJE4)3 dI1H(FddE 5 FAHE) 9
A tE7F Asste] 2022 A AMA EARRISe] Al R 2329 e dlon, 54%9] <
B AFER st 2027d A AA ARG A 3029 Do =gd Ao oFH
g, oo wat A AAIY proteinase K A7 oF 3%9] A% AFERE o] o=,
F 98 A= QIAGEN, Merck, ThermoFisher @ G-BIOSCIENCE %o] 1T,

Proteinase K& 23 Engyodonntium album +#]2] protease®, kerating 7}%3l )]
HiE gholy, &7 proteinase K family &4+ A4, &8 2 I3-8A Aldtola] wA Y

A tHEbeling et al.,, 1974; Larsen et al., 2005). Peptidase S8 family©ll %3} proteinase K

R

B2 289 kDaol™, DNA % RNA F=o] ®o] A9t} Proteinase K= SDS, urea,

Lo

guanidine, Z#oJEA #Z2 Tl WA oA A, DNase¢t RNaseE &&4 o= E&

7) Molecular Diagnotics Market, Markets and Markets, 2022
8) Proteinase K Market, Mordor Intelligence, 2022
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Aah 73, WA Feel =416 o

g oA, COVID-19 EAA @ sample collection, viral transport medium® %22 virus -,

i
ol
rr

SRR

o

o s 2% 58] Fad LA

fe

virus lysis @ RT-PCRY ©AIZ R3E 1 Qo™ virus lysis TAYNAl proteinase K7} AF-&
¥ 12 QtH(Eshin et al., 2020).

3. & 2% 8%} inclusion body
e A Az 98 2 AL BEY] Aol dv i YA Ao R oAt

olg] AAE = Wl AL Abd8 § A(9, renin, amylase, protease 2 cellulase)$ X &8 w9

A (o, filgrastim, insulin, A% T2+ 9 interferon) 5°] A TH(Eiteman and Altman, 2006).
PAre] 1% vk (High Cell Density Culture) 7] < th&irol| o] whuld A o 5

2 ZZAAAHChoi et al., 2006; Jeong and Lee, 1999). &+ nH%E wjde v & T84 =

7h oF 3 Az e 2Ed AP A, ds A, A4 HE

ojdol At} et DHAA AFA ] Ho @ AiS ejre FELh T4, feeding, =

&, pH % DO 5= AsjoF gt

o
AR} o4& W X3, methionine A4S W3k homocysteine®] 4 %A sto).
o AY S5 2d o ofAEA AS Folv WHoRE D glucose®] mannose &
fructose2¢] A, @ vyeast extract, methionine T+ glycines vi#|o] HZ, @ glucosed
glycerol A, @ glucose pulse =% % & W&t Ul acetate ¥4 pathwayel sk 774
Wy Sol Ak

)t disulfide bondS ¥38He A W A3} post-translation©] Z 3k thalza A 2to
A gslA] 2t (Choi et al, 2016). T3+, ool il Aibol A w2 AQxg dud F§A4
= 29 33 inclusion body(IB., B9 A)e ez gz Ailo] o] Fojx]= 74
. Wt cytosoldll A @l A 2 foldinge] = H 5
W/ /refolding A S AAF sk @do] vk didto] @iz [B.22] A4ko|

e A2 gAe &olA, w5 Axel tid vsA, Ax el s g ol

B
i

o
N
N
3o,
s

rlr
L
=
Y,
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Atk IB.= WAA o8 7FE3t B A Al AA ] Sl F e refolding W H 0w &4 Wl e

A 3L E t}(Singh and Panda, 2005). 9w © &2 refoldingol] 93+ IB.25FE 9 &4 dwde] <=
&2 oF 15 7 25%°|™, 1B.9 refolding thZditol Aol Axst dwld Agilo A B2 H]8S
F7F 878 Aow deA duk(Datar et al, 1993). H 9 ATolA LB. 3¢S 93 AX
o] o 2 Sl 23 IB.9 mild 7H& 3ol we} refolding &2 S7Fste 3lo] U
At (Eggenreich et al.,, 2020; Ramanan et al., 2009; Upadhyay et al., 2015).

4. Aim

A R-P669] A4 SA(A=2A4, 7145014, &2-3t8t4 54, ¥E % BARE 5)% @

25 =
of =i AAC 53 58, T, FH 2 va)o] S ATH(Park et al, 2018a; Park et
al.,, 2018b; Han et al., 2016). =3k |23 7o @y, thdsta A A4E = R-P66 1.B.9

refolding, &4 55 2 HEA g4 P Qo).

—

A FxH EAEZE A 59, 712 pocket size @ disulfide bond 5)ell thak 57}

)

Fermentation

Fermentation 0.0.600nm=27 £ 40 -> IPTG induction
l Wet cell = 90~100 g/L

3 1.B. extraction

|.B. extraction 1. 1g wet cell + 5mL lysis buffer (20mM boic acid + 0.5% Triton X-100)
2. Cell lysis (HPH, 13,000 psi x 23])

3. Washing (20mM boic acid + 1% Triton X-100) : lysis bufferet &
21

4. Washing x 22|(20mM boic acid + 1% Triton X-100) : lysis buffer2}
S¢ &1

5. Washing x 1%/(20mM boic acid) : lysis bufferet & £1]

i Unfolding

Unfoldlng 1. 1g I.B. + 20mL unfolding buffer (3M urea + 10mM 2-ME + 20mM
glycine)

2. 1hr, RT. & Y& E2|

. Refolding
RefOIdlng Refolding buffer: 20mM glycine + 1M NaCl + 20mM CaCl, + 0.05%
Tween 20 + 2mM cysteine + 0.2mM cystine + 2=H| (1% G+5% PG

5)
- urea M7 (5kDa) -> refolding buffer

3 Concentration
Concentration 1.3-5KDa fiter

2. CaCl, 87t (P66 : Ca2* H|2 A ER)
3. EEN Et (2EH M EQ)

a9 3-1-4. o]l =y E R-P66 AR

HoAGo A= R-P66S A S 98] & LB, 3%, unfolding/refolding, &4 &=

HOEEA ] e a8 ek FAS saAela, Ak R-P66 Al AA, =8 AA H
ol



A 2 A d7d

1. R-P66 A4 7, &4 A3}

)
ot
P
m U
o,
A\
o,

7} R-P66 A4F w5

Pseudoalteromonas arctica PAMC 21717 3 protease®] A A /7 A#}o| A prosequence2}
catalytic domain®ro.2 T4 ¥ R-P66 F2AE /3 pET28a WE 7l 4% E. coli BL21
(DE3)E &&3te A4 duwdEsfas R-P66S ALttt R-P66el At Axd E
coli 'Fa, o zRy B4 R-P66 IB. 3+ 2 &48 R-P66L=9 H3o=z 43515
t}. w3 tac promoter$t 2 7ol dALE R-P66 FHAAES AMYE 2 wWEHES A FEe] E

coli BL21 (DE3)°l A< sit}.

P

U, g4 gAds)

Nz E coli Ha W ArS A3} 7]|(Nano disperser, Microfluidizer %+ High
Pressure Homogenizer) = 343} tH(12,000 psi, 2 3]). A% 34 2 A41E2(10,000xg, 30
e S 42 R-P66 IB. 28 584 98 AH L= A Hste] R-P66 LB.& 3533
o} R-P66 1B. Ald-2 v o] sttt 1% Triton X-100 % 20 mM boric acid(pH
802 TAE AH A 20 mM boric acid(pH 8.0) Ax Aoz 2 3 2L 1 3 A2 (10,000xg,
30 ®). 39 1 g9 R-P66 LB.& 20 mL unfolding buffer(pH 80; 3 M urea, 10 mM
mercaptoethanol, 20 mM glycine)dll H7}8ta 3 A7t B¢k A2 A 7183tat9ch HAdE o
N Ns thFS refolding A S setdth oo TaFH Tao @43t 3A
FestE HHoR AR WAEAeH, ol HE AR Al 3 AUy e B

Axke] Al 2 A 2. R-P66 BAkS f1F HEFE Ve AT

rlo

AAEl R-P662] @A RS &4 =AHS Y8, 1 ug &4, 0.65% azocasein % 50 mM
Tris-HCI(pH 8.0)=% T4% 1.1 mLe W-§HES AxstActh v&AS 30T, 30 & sk M

3 509 mLe 110 mM trichloroacetic acidE #7}sle] &4 E843 2L 2= casein A

& HECHE, 30 BEAth AAEN12000xg A, 3 B)F B Qe AFde B
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mLe A A= 025 mL Folin&Ciocalteu’s phenol 2 125 mL9 500 mM sodium
carbonate® Z3tsle] phenol 71& 33k ofn|x=2ke] WMAS w9 tH(AS, 30 #). 660nm
THEE SATY F, L-tyrosine & 4o 7 xste] a4 @45 AFssidnt. Adstd

AR E A FA 1 unitS = x4 1 mg @Eo] 1 2 <k 1 nmole®] aromatic

7} Wy
R-P66 A5 st E. coil BL21 (DE3)E 200 mLe LB AAulx o] HE 2 v
SATHEIC, 1 D). MFNS 5 L jar BRI FESD P f744 2R 2A0NA wjFal

Atk ZA 3 T wiF TR AR ZE O-Q)9<} olol wet AlZstE wjA 2Ado=

F xR (ufFu A DN0Z FAE g wAE v 2% 36T, ¥ pH 6.8 T 7.09]
FAF =S 245 th. o G, agitation speed, air 2 O, 55 =4
glucose & FAHsIF o, 7] &g wx U To] BF AEHWE Feeding vIAE 54 &

= HA7rskl

>
=
o
o
1o
ol
&
ki
(@)
(@)
:
B
o
Pﬂ
=5
=)
9,
ol
i’
_orlg
rg
oS
—
o)
Ll
i
N
)
_0|L
s
7
g
(@)}
(@)}

g Al x] @O)hE AR dbg wixE wg 2% 36T, ¥ pH 6.8 T 7.09]
A =2 2430t 9%, agitation speed, air @ O, 55 43 pH, DO % ®jA U
glucose &< F4stg o, 7] &g v W Go] BF AREH Feeding HIAE 54 &

= A7ketgeh. A el FBE 600nm #ol HEgkel =dsld IPTGE #H7kshe] R-P66

9) 712 =ok92 JIA) ARSI UE D-O £4)
10) 7% =5t9.2 7] keHEhgeiAl: O £
11) 712 w5t9.2 718 deHehuia: @ x4)
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Hi A (v kel <] @122 AR T E wiAE vl 2% 36T, ® pH 6.8 T 7.00]

2 H7bstAoh Al A F8% 600nm gtol Higtel Tdstd IPTGE #H7hste] R-P66

HHS FE9Th Feeding wlA9] A%, pH v DO7F A<%std, ¥a&E FTR3IaL

vl R-P66 A4heS 913t 83 2
R-P66 S 91sk 83 waw 30, 500 2 5000 L HaridA st Az o
FitS LB A Ao &2 Al wjdste] 7] dE w9 b3
TH37C). TS 27 2F wixd HET 5 o &=
1 agitation speed ¥ air FTYHS A3 DO WIS el mjdS AT %27
BE wfA o Fo] B &M W Feeding WIAE 94 SEE Fiste] {714 HEE W
}th 0.D.600nm 5091 =23t 05 mM IPTGE #718tal R-P66S A4tatdl o, R-P66<]
A2 AE= SDS-PAGE #4418 S3 g3kt

0

Ol

a9 3-2-1. st A st A9 Feeding ¥ Seed Tank$} 5000 L & 7]

12) 71% =ste= 714 dLEISEAlL @ =74)
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g S 429,000 rpm, 20 )3k R-P66 1LB.7F A4k A x=3 it AxEE 34
sttt 3w AE 1 glwet)¥ 5 mL lysis buffer(pH 8.0; 20 mM boric acid, 0.5% Triton
X-1000& &3 % 500 7 1,000 bar =< Nano disperserdl A &3S SHAI T 1 =
T3t 7} )& (Nano disperser 7 §lo] BH¥)S LB 1) wjx]e] =
oe 2 S Sl gE AXE g F=E s

vjokol AAIR T W lysis buffer A7Fe] AE FH A Az A glo] wF Ao 05%

rlr
[\
tot
offt
[
r%‘ﬂ
011

rot
@
>y
(-
Mo
1%
o
ol
gl_g‘

Triton X-100S 7} =+ mAH7Fs & 1,000 bar 4= ¢ Nano disperserol| /] &g oS 1 =
=23 SAHY. AE g Axs LB 1A mjx =% CFUR st AlE 3
oS AAEE](9,000 rpm, 20 )3t wet R-P66 1.B.(°]3s} R-P66 1LB.)ES 3|43} %t}

-io

o AlE v Sl AA

kg ole] 20 mM boric acid(pH 8.0)% 05% Triton X-100S H7}sle] Ax I %
R-P66 1B. 3= 339t 900 bar®] Nano dispererE ©]-83te] 1 7 5 39 AMXE 9=
APt om, AAE9,000 rpm, 20 &) F A2 R-P66 LB.E 2 3¢ Triton X-100
washing(5 mL/g cell weight; pH 8.0; 20 mM boric acid, 1% Triton X-100)3 1 3] ¢] buffer
washing(5 mL/g cell weight; pH 8.0; 20 mM boric acid)dte] R-P66 1B.9] AAS 331
t} AA¥ R-P66 LB.o] &< #7}sle] SDS-PAGE #4& 835+

th ILB. 35 43}
(1) M3 32 chamber B}

1A 3}7] Nano disperser®] Z- ¥ Y-type chamberi= 53 £4S 723 = AX 14
a7l 1&g F-Foltk. 7 type®l chamberel o3 R-P66 LB. 3|5 AfolE& ZAAQst7] 913 Al
B4 = F33ATt. ZF typed chamber’} Z2¥ Nano disperser® ©]-&3Fo] 7500 ~ 20,000
psi 4o g Wwgales 1~ 2 3 gisdr}. Triton X-100 washing@} buffer washing< 7 %l
R-P66 1B.ol tig SDS-PAGE #4& a3t

(2) LB. 34

AR (9,000 rpm, 20 ) LE A Eel lysis buffers 7 F-fof 7 2] 3]
ke wtg s 950 bar &2l Nano disperserdl X 2 3 FHAZTH AE fAE 2 39
Triton X-100 washing@} 1 3]¢] buffer washing 3+ % 3]43}AY 54 washing §lo] 3|4

Al
i

(o,
M
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st T 34¥ R-P66 1LB.&] FAIE 5435t 1B, U @& 3+gF2 SDS-PAGE #4102 &
Q15 o,

o
ol

2k AP 8 HEe wEdo g Ry IB. 35

30 2 500 L WE7A wjs Az tpAd LE e 05% Triton X-100% H7b Ex
nH7tsle] AE By E ST AE g AFEE 7]7]E=  High Pressure
Homogenizer(Avestin Emulsiflex) 1 2™, 1250 barx2 pass@® 34j3t 12 o 2 HE R-P66

N

IB.E 339 (Tubular =+ Disk centrifuge). 3|53 R-P66 LB.Z o]&3te] A3
R-P66 A4S 913k 1B. unfolding® LB. refoldingS 3331

4. &4 R-P66 A4

7}. Unfolding
(1) Urea % %2 unfolding & W 1LB. 3=

1 g R-P66 1B 0~ 6 M urea’} ¥¥% 20 mL9 unfolding & -113)0] =91 F (A2 3

’

AlZh), AAE21(9,000 rpm, 20 )3 FF A M=o gk SDS-PAGE 4 2 39
oA skeks =Asgtk 1 g R-P66 IB.E 4 7 6 M urea’t £&8¥ 20 ~ 40 mL9
unfolding &jell =ola ATz 53 FS Ao duid IdFS A A

(2) Unfolding &84 #38
1 g R-P66 ILB.& #7Fgt 20 mL9 unfolding & 9-2149-S homogenizer= 7+ & 3}(A+,
3 AIZHE % 20 mLe F7} unfolding &g #H7}3ste] unfodlinge 233 oA, 1

AlZE). 928 E T3 €2 unfolding &5 @wid 54 3 SDS-PAGE #4< 3

(3) Buffer ¥

°F 15 g9 R-P66 IB.& 52139 02 g9 1% R-P66 1B.ol 145 mL<¢] unfolding
S-olo] M7}t Unfolding £ W bufferi= Tris-HCl, boric-NaOH, glycine-NaOH %=
NaHCO;%1 2., unfolding 8¢l 4] 7}83}% unfolded R-P66°] wh¥d && =743} 3)

13) 71& w3122 7]A) QtsHunfolding 89i-1
14) 71& w582 7]A] dH(unfolding 8-°8-2
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(4) Unfolding & <42] urea A7

1 g R-P66 IB.& 20 mL2] unfolding & oA 7}&3tsk S 3 A|7H), ¥A&2(9,000
rpm, 20 )3+ unfolded R-P66 LB. A&S 20 mM glycine(pH 80)2% 04 ~ 3 M urea”’}
HEE gAEATE 7 84 dS 30 kDa cut-off membrane. 2 =38t 27| Fuz A3k
o g A =AH3 refoldingS 3SR TH 04 M urea®] unfolded R-P662 30 kDa cut-off
membrane® 2 4 ¥ FE3 F 4 £ -20TCNA RS unfolded R-P662] oFAA S whal
13kt

40

4 5% FHor 3

Jﬂ

. Refolding

(1) AFd8¢ 23 IB. refolding

30 L 2 500 L a7jelA wigd 2 1B, %] ¢45% R-P66 LB.e {7124 #a
(0.D.600= 100 ~ 120 induction)®] R-P66 1LB.E refoldings} % th. Refoldingol A}-8 3 3
°] R-P66 LB. &, 500 L & 719 R-P66 LB.E tubular =+ Disk 94 & 7|2 3]+
AE AFESAT 30 L 2 500 L g 7] R-P66 LB.+= washingsS T 331% Z%om, 2
} 238 H2E?Q R-P66 LB.i= Triton X-100 washing ¥ buffer washingS 433+

7t 1 ¢ R-P66 ILB.Z 20 mL9 unfolding & oA 71833 (A2, 3 A7), dAE
2]1(9,000 rpm, 20 )% unfolded R-P66 IB. 434S 400 mLe] refolding & <415of 7}
2 oafd4T, 3 A)etgY. o] %o Ade ==& 30 L 2a7|e] R-P66 LB.((F IB)S AME
sto] & eksl

N ©

=
o

i

(2) Refolding & #+4&% % 24

Unfolded R-P66° %715+ refolding §4¢] F4E&E Fxo WM refolding €& W&
gkol13l 7] 93 unfolded R-P66S ThE3H 5 %9 glycine, NaCl Tween 20 2 CaCl,= T+A4¥
refolding &4l 1:20 refolding(unfolded R-P66:refolding & %=1:20)3}1t}. Refolding &<
AEo FEE g o] AFESTH 20 =& 200 mM glycine; 0 == 1 M NaCl, 0.05 &=
= 05% Tween 20; 20, 100, 200, 500 %= 1,000 mM CaCl.. R-P66 &/dst= 4T, 3 & W
ow gundtdoen, 243} refolded R-P66(c13F R-P66)9] Tuld 3l &45 =433

(3) Refolding buffer 41 €
5% e 3E+ IB.E 3 M urea ¥ 10 mM mercpatoehtanol 37+ 77 th& buffer?]

unfolding & oA 7}83}3FAt}h. Unfoldingol % 7}3F buffer(pH 8.0)3= 20 mMe] Tris—-HC],

15) 712 w3522 7]X] otsK(refolding 8 x4)
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glycine, boric acid T NaHCOs; 2™, unfolded R-P662 unfolding & 43 728 20 mM
bufferES %7}t refolding & Yol A &A1 31319t} 1:20 refolding®] R-P66 A4 3t= 4T, 3 o
gow eusiglon, R-Pe6o] duid 2 SAdS A

4 F9 unfolding 2 refolding®l]l A}F&3F buffer 29 sodium formate, sodium
phosphate, sodium acetate, sodium hydrogen carbonate, sodium sulfate, trisodium citrate,

ammonium citrate ¥+ ammonium calcium citrate(ammonium citrate+Ca3 citrate)&

refolding buffer= A}-&3}¢] 1:20 refoldingS 5 3 3} 1 t}.

(4) HEA FH EAE9 auto-lysis WA Je&

5% ¥+ LB.E unfolding &4 71833t 92 unfolded R-P66% refolding & <Y
oAl 114 T 1:20 refolding3dt %, & -39 refolding €9, &4 H3I2 50%
9] 0 7 48%<] sucrose® H7Fto] 244 3¢
2 ©

d 2 24 WsE AU

e

H

glycerol+50% propylene glycol =+ &Y HI
& 4T A WASAY. F 83 Ago=z o

=

(5) Refolding @D

2 2 35 g9 ¥+ IB.E 40 == 70 mL9 unfolding &9 7}&33 &
St Urea AlA= YA E28 30 kDa cut-off membranes AF-83F% 2™, urea A Aol
AF&3E buffers 20 mM glycine(pH 8.0) ¥+ refolding & o]3ltt. ZF urea FXolA
refoldingS %183t urea A4 % &5 unfolded R-P66<] 35& 2 &4

FU3A A x3 16 mLe unfolded R-P66 &4 2] ureas Y& 8 30 kDa cut-off
3

o
B\
o
ol
o
b

O

membranes A}-83Fo] urea A AR LW, 30 kDa ©]3te wuwlFge kDa cut-off
membrane®. 2 108] H=3F9 3, 3 M 2 04 M urea® unfolded R-P662] refoldings %
sttt Refolding A, R-P66¢ HEA $REZAS 0, 50 =+ 100%7F H%=5 H7FsEA
=3

2 g9 £+ IB.E 919 WA o] 7183 E ureas Al7ste] 0.4 M urea unfolded
R-P66 &S AlZstdvh. Urea A7 ol AH83 30 kDa filteri= 30 kDa cut-off®] TFF
CassetteR o™, 1:0 =+ 1:19 refoldings 93+ #HF 9 CaCl, == x4ttt ohdst
CaCl, %42 R-P66 refoldingdl] w2 wul ko] Helel a4 A4S =H3A

(6) Refolding @

12 g9 ¥+ IB.E& 240 mLe unfolding £ A 7}&3}sk & 30 kDa cut-offe] TFF
Cassette®l /] 30 kDa o]ate] @S Al At 240 mLe] unfolded R-P66(x1 unfolded
R-P66) refolding®l A}F&3tAY 30 kDa TFF Cassette® = 4 #] #3(x4 unfolded
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R-P66)3ttF. x1 unfolded R-P66S 1:1 ~ 1:4 refolding® 2 A3} A4, x1 unfolded
R-P66°] CaClE #H7}ste refolding(1l:0 refolding)S F%=3tAth. T3k, x1 unfolded
R-P66°] CaCl,E® #H7}3F ¥ sucrose, NaHCO3, NaCl % Tween 20 55 #7139
refoldingS A3t 99 2 %+ 1B.9) TFF membranes ©] &3k urea #|AHE 23]
F7F AAlsk A

5. R-P66 &=

7}. Ammonium sulfate % &

A2 A AT 4. 243 R-P66 A4E (6) Refolding @9 1:0 =+ 1x4:0 refolding 2

2 353 R-P66S AE3e] ammonium sulfate A, AR 3 kDa cut-off
membrane &% L+ TZ24ZFE FI I Y. Ammonium sulfate A& 10 mLe R-P66<

ez 30, 50, 60 = 70% ¥3t=7F =% ammonium sulfates FH7Fste] A
th 4TCel A ammonium sulfate® =< ¥, 9472(10,000 x g, 30 )& IHd=34 F=F

e Byt HAES 5 mLe 20 mM NaHCOs;Z A} 718 3}slo] dbwld 2 g4

ek

Z

-
offt
i
A
N
©
(@)
=Y
=y
3
(@]
S
o
N
j=)
D

R-P66S HTAAZsA Y A EYE 3 kDa cut-off membranes ©] &30 ‘53¢ t}.
SAAZHE R-P66L 7ldte]l Ao BuE A$slal, cut-off membrane %S 7.5H|
AYach EAAZ £= 5% Ao R-PE6T 53E R-PE6S -80TAH BEEw

FAAZ GRAW BE T 4T A = F, wuly 359l

[}

SE,
ot

@)
a2 g

m i
I\
ol

7}. Minitab
HEA g4 % 3-2-19 22
3]9] Box-Behnken designg %3l

1319 A A8, 139 Plackett Burman % 4
FPsg. REAH TH O 2F

Burman designol ¢ R-P66 #F= FA 7o EBHAES

il

of W3t Plackett

F, FAEA

o
&
ot

Box-Behnken designg &3] #H4< 22 =S dF3FAT
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3 3-2-1 R-P66 HEA)

1S Q)3 Minitab design

REA &4 Minitab

Factor |  Low | Center | High \ 13 EF
210815 S AW (37T, 5-12 9), Run=26, R*=92.29%
Sucrose 13.7% 20.6% 34.25%
Betaine 7% 10.5% 14%
Glycerol 3% 59 7% )
Propylene glycol 3% 5% 1%

221208 Plackett Burman (30T, 8 ¢), Run=24, R2=98.30%
Sucrose 10 mM 50 mM 90 mM
Glucose 5 mM 25 mM 45 mM
Glycerol 0.5% 2.5% 45%
Propylene glycol 0.5% 2.5% 45%
Ammonium Ca citrate 2.5 mM 125 mM 22.5 mM B
APGO0810/1214 0.5% 2.5% 4.5%
Betaine 15 mM 75 mM 135 mM
CaCl, 5 mM 25 mM 45 mM
Cysteine 1.25 mM 6.25 mM 11.25 mM
Caytine 0.05 mM 0.25 mM 0.45 mM
221208 Box-Behnken (30°C, 7 9), Run=42, R?=59.20%
Glucsoe 20 mM 60 mM 100 mM
40 mM sucrose, 2% glycerol, 60
Propylene glycol 2% 6% 1095 ) _
- - mM betaine, 20 mM CaCl,, 15 mM
Ammonium Ca citrate 10 mM 30 mM 50 mM , ,
APG0810/1214 29 6% 10% cystene, 0. mM cystine
221221 Box-Behnken (30T, 7 9), Run=50, R*=61.15%
Propylene glycol 2.5%+ 7.5%+ 12.5%+
Betaine 90 mM 195 mM 300 mM
Glycerol 2.5%+ 7%+ 11.5%+ )
10 mM glycine
APGO0810/1214 2.5% 7% 11.5%
Ammonium Ca citrate 10 mM 175 mM 25 mM
Sucrose 50 mM 90 mM 130 mM

232104 Box-Behnke

n (30T, 7-21 ¢), Run=52, R*=96.48%

Propylene glycol 1096 12.5% 15%
Betaine 15 mM 60 mM 105 mM
(NH4)2SOq4 35 mM 105 mM 175 mM
APGO0810/1214 8% 12% 15%
Ammonium Ca citrate 175 mM 32.5 mM 475 mM
Sucrose 10 mM 50 mM 50 mM

50 mM CaCl,, 7%
glycerol, 10 mM NaHCOs3

230111 Box-Behnke

n (30, 7-28 ), Run=50, R*=45.14%

Propylene glycol 5% 10% 15%
Betaine 15 mM 60 mM 105 mM
Glycine 10 mM 20 mM 30 mM
APGO0810/1214 4% 8% 12%
Ammonium Ca citrate 10 mM 20 mM 30 mM
Sucrose 30 mM 50 mM 70 mM

50 mM CaCl,, 7%
glycerol, 20 mM NaHCOs3
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U BHEA H2AE
Minitab®] H.EA4]9] H
S T3] 30T, 28 € wotke] R-P662 A W3S F4 3.

L9 Fo HEA F

E
BN
A
2
A
iin
A=)
il
Hm
=
fr
=5
w
o
o
o
i

L

i 3-2-2 R-P66 BHEA FHE 4

TEST | Propylene . APGO8 | Ammonium )
NO. glycol Glycerol | Glucose | Sucrose | Betaine 10/1214 citrate CaCl, Glycine | NaHCO;
1 16% 8% 100mM | 40mM 60mM 10% 10mM 50mM oM 20mM
2 1850% 12% oM S50mM | 90mM | 11.50% 25mM 50mM oM 20mM
3 13.50% 13% M 50mM | 95mM 7% 25mM 50mM oM 20mM
4 18.50% 8.50% M S0mM | 195mM % 17.5mM 50mM M 20mM
5 10% 7% oM 50mM | 57mM 8% 17.5mM 50mM oM 20mM
6 15% % M 0mM | 15mM 12% 10mM 50mM 30mM 20mM
7 15% % oM 0mM | 105mM 4% 10mM 50mM 30mM 20mM
8 5% % M 50mM 60mM 12% 30mM 50mM 20mM 20mM
9 10% % O0M 30mM 15mM 8% 30mM 50mM 20mM 20mM

7. R-P66°] 4t &

il
)

7o o5, i EE 88 AlFHA

offF, FW Ee g8 AFHomAe  R-P66S e  rEE 98,
Blood/Milk/Ink(Swissatest EMPA 116) ¥ Egg yolk(CFT C-S-09) LS9 X E Aoz A
2 ANPS Agst et v FA2 NovozymesAhe Savinase® 16L(50 mg/mL; <50%
glycerol @ <50% propylene glycol 34)S AF-&39 3L, multi-enzymeS 0.2% Lipex® %
0.2% Stainzyme® H7}= FAste] 9wl AR EA D5 = multi-enzyme® & 4 Z9

e
AmE AASATH(Table 3-2-3). d=ofFAAATY =z AT AP KS M

2709:2006 8.1(120 rpm, 10 & A2 ¥ 3 # 2 3] 7)o WyHo=z 3 Lo 25£1TC ol A
Aol therd S50 T 12000 % AW en, 7} ey T 35 wEAPow
SAE AH AT SAE WAL 245 WALES Ty go Anstn AHLL
7} ok

AR ©0)=[(AG F WAE- AT A AR (L A=A G A 9 E)]x100

b |

H
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=3
w
o
o
kol
[
12
BN
oX,

2491 B4 2 249 3 549 4
80 mg R-P66 80 mg Savinase® 16L 80 mg R-P66 80 mg Savinase® 16L
0.8 mL Lipex®, 0.8 mL Stainzyme® -
60 mL Glycerol, 60 mL Propylene glycol
20 mL 1 M Buffer (pH 8.0)
Total: 400 mL
9 9 ¥: Blood/Milk/Ink, Egg yolk, Blood (25C)

1:200, 1:100, 1:50 1:100, 1:50 1:200, 1:100, 1:50 1:100, 1:50

g Ea e

(1) DNA +=

E. coli DH5aE LB Al Aol X wj%(B37C, 4 A1zHF F, iNtRON AFe] G-spin™
Genomic Extraction Kit®} Bioneer AF¢] AccuPrep® Genomic DNA Extraction KitE A&
st E. coli gDNAE FE39 0. ZF Kite] proteinase K(o]3 PK)el &S x=4dstAn,
PKE wAld R-P66 Algoz gt 2xdAa FEH gDNAE agarose 719 %3}
nanodrop®. & 213 th. Mouse liver tissue 2 w2 A117] %29 DNA F&2&
Biofactories 5 min Tissue DNA Extraction KitE A}-&3slo] st o, Kit U PKe <
S 243AY, PKE tAIs R-P66 A& 2 tFst 2242 R-P66°] 23 gDNA

52 Brshg,

(2) RNA =&

Mouse mammalian cell 2 £. coli DH5a¢] RNA F%& Trizol A& "jwd =W,
QiagenAt2] RNA Extraction Kit, TaKaRaA}2] Viral RNA Extraction Kit ¥ BioneerA} 2]
AccuPrep® Viral RNA Extraction KitE Al-g3te] sttt thaFkst wpH oA PK £

R-P66= H7lstAY H7l=Es Z=4dste] 53 RNAE agarose 17|52 FQleta

(3) &AI
o= Rt i e
qRT-PCR 23 & EU=Z dAded=d, 3% A g2 dubd <2l housekeeping gene$l
GAPDH= &tglen, 55 93 Zetolr= vgat o] FAsAth
Forward(Tm=6357C): 5-GCCTCAAGATCATCAGCAATGGCT-3
Reverse(Tm=65.11C): 5-TGTGGTCATGAGTCCTTCCACGAT-3

i
ol

Mouse mammalian cell®] total RNAZES TrizolS ©]&3to F
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BioLabs Luna® Universal One-Step RT-qPCR Kitoll 1 ug® mouse total RNA9} =
oM & FH7bsta gk AAZE FFEn ARSI ethanol, PK =+ R-P66S #H7F

stol 2% MatE Felahgvh
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A 3E A+ 2

1. R-P66 A& 9k dta

7hof7

@

ol

(1) ¥E "H2E

F7hA wrg @ 2HE WA E o] &3 R-P66 &F E. coil BL21 (DE3)el tig &g s
TP A Y. Airs 3.0 LPM(¢F 1 VVM)e =2 14 3% ¢ 7 A17F w3 (0.D.600nm
Ao Zx7] EE A Jeo] Y ARHY Y xg o] AEstAt 7 AR wE
Feeding Wi A F4(2F 42 mL/h)o2 <F 14 AF vikol A O0.D.600nm = 422 o AHS
o, wix W g ZA(TE T8 A °F 39 g/L AR FTES AAETIE Y

sttt

16

i
=

i
o

=
=)

Feeding

\ 4
0 5 10 15 20 25 30 0 5 10 15 20
400 RPM Culture time (h) Culture time (h)

Sugar in media (g/L)

| 800 RPM

Feeding
5 4 ¥ »
0 OF

S N

25 30

a9 3-3-1 7 2R O HAE 2R

dnbd o=z tfit HE A glucosers LE&O e A Aol AR wjx] U ¢

A & o]Ae] glucose #2412 acetic acidZ2] H3S F=3te] pH W3F AH A 2 o

)

A g Adfe] ¥<lo] "t o]& F&s= Wt T = thiamine-HCl H7F=E, ©]

i,
rlo

=
e & Ak Zask Ao w A Yt Feeding #IA W 115 % glucoseo] th3sh =

S et o] go] Y& =E x7] @aE wlA 9} Feeding ¥l 2] thiamine-HCIE 100 mg/L
H

14
]
o
o
Jo
X
ol

9 19l o, agitation speed(150 ~ 800 rpm) <t
air(1-5 LPM)+& DO$F d-sste] 4dstdrh( e 3-3-2 3 3-3-3).
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= = : ==
23 o] AASAY. & AR wWE Feeding ¥lA FY(eF 25 mL/h)o.2 ¢F 255 Al7F
— = o) )=
H Fell Al 0D600nm = 1222 Hd AFS Blom, wA U F diF&2 gt oA
o2 ALLH Qo)
PH DO
76
160
75
74 140
55 120
100
357.2 =
71 o 8o
v _A 2 s
&2y " peyd 40
6.8 -
6.7
0 200 400 600 800 1000 1200 1400 1600 1800 a
’ ; 0 200 400 600 800 1000 1200 1400 1600 1800
Culture time (min) culture time {min)
Air
. Agitation speed
900
5 800 T
4 700
o 600
=3 s 500
o
2 & 400
300
1 200
- 100
0 200 400 600 800 1000 1200 1400 1600 1800 0
Culture time {min) 0 200 400 600 800 1000 1200 1400 1600 1800
Culture time (min)
a9 3-3-2. & Fotke] pH, DO, air ¥ agitation speed
140
120
'gmo 21
g =
2 80 =1
= ©
9 =
= 60 c
g 5
g 40 3
2 Feeding
0 - . - - - L.
5 10 15 20 25 30
Cluture time (h) Culture time (h)
140 1
120 o -
100 | e
e £ o
= é 80 O
2 g: 60 Q y =1.9838x - 0.3831
e o o R?=0.9769
40 4 e
&
20 ot
Py
: - . . , o9 T . T T T )
5 10 15 20 25 30 0 10 20 30 40 50 60 70
Culture time (h) DCW (g/L)

iy
2

1% 3-3-3. Thiamine-HCI &

W& A zxz3t E coli®l A3



H] 2 Thiamine-HCl &% %42 1%%9 glucose’} 3% Feeding 1A ¢, A=
=S &

fdate]l A 2 glucose ol &ES 4T F AAATH Feeding WA o] FYd&F == F9
252 =9 4 9t} Feeding W9 S F9 £%9 glucose °] 84S ZAE 4 glo

o
il

o
X
mE

T d
, a8 A% g wfo] 7ted Aow HAdHT) wElA, Feeding #IA o] FHH S
7Fe} glucose WiAE &3] 317] 98, 0.1 g/L thiamine-HCI 3}l A AA4AE Fsty w3 &
FHSFATHLE 3-3-4). 2 39 TE AP BEF 7] TF A W glucose’t A= AlA
ol Feeding "Mi#|& FYt 201, Feeding W#e] F¢ £k= pHe DOO| Wsto] mpe} oS
HAstA o 211123 9 211125 batch®] feeding %<2 022 ~ 05 mL/min 2 03 ~ 2.3
mL/min®] ¢l 2™ F batch 25 °F 605 mL2 Feeding ®*7} YAt} 211123 batch=
0.1 g/L thiamine-HCIlel ¢]3] O.D.600nm = 6022 95 o] &3t A4S FA A9 11 ~ 12
AlZE B FRE acetic acidZF wiA el #elw pHe H439] shEskdth 211125 batchs
211123 batchell H]3] W& Feeding WA =89S 38t 11 Al7te] Ha71A] =& A %
5 Ho #2 A Yol 0.D.600nm = 8o =3ttt Ak, 211123 batche} w7 =2
A A F acetic acid7} WA Well %ol Zol F1F Ut A=, Thiamine-HCl ¥ 4t
F9 =AM E Feeding v1A 9] F £5= F43 71, glucose 9] thE g o] F7}

¥ ojoF Feeding iAol FUF S7F R 1UE Hg wjgo] 7had Aor Fdn

A=)

fol

1

E =y
= = 40
2 £
s £ 30 4
= —0—211123 < —0—211123
E —e—211125 & 20 —e—211125
8 @
10 A
T T T T 1 0 T T T T T ]
0 5 10 15 20 25 30 ] 5 10 15 20 25 30
Culture time (h) Culture time (h)
2.5 1
o
T 7]
£
=
E 15
o
o
2 —0—211123
2 1o D
£ —e—211125
o
3
& o5 I ]
0@ T T T T ]
0 5 10 15 20 25 30
Culture time (h)
5L 1 o] & 5
a7 3-3-4. A Fael ogk A2 E colifl B
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(3) Yeast Extract %7}

Yeast Extract:= o] @ thAlo A acetic acid A4S A, Axg dazd A

2

of =5 <+t 100 mg/L thiamine-HCl®] $H+¥ wiA & AF&¢k 211109 % 211116 batch &
3= Feeding WA 8] H7bell A Fe] 2ol AW A Fdrh(2y 3-3-5). 211109 batch= °F
17 Azke] ik Fet oF 240 mLel Feeding =17} 7k=¢] 0.D.600nm = 1062 A543l
™ o] Al Feeding WA 2] F+9YS HWF3 05 mM IPTGS} 96 g yeast extractE % 7}35}¢]
R-P66 A4HS =38k th 211116 batche ¢F 140 mLe] Feeding wi#| H7F= oF 17 A17H¢]
kol 4 O.D.600nm = 47% thdato] AN om o] AlHo| Feeding ¥l A S Feeding Bl A
B[40 g/L yeast extract, 300 g/L glucose, 1 g/LL MgSO,-7H-0, 1.5 g/L. (NH,).HPO,]= ¥ 7
&ttt 500 mL Feeding "i# B +Y¥ 05 mM IPTG %72 211116 batche] v A%
0.D.600nm = 9022 ZHAHEATE. F batch EF7= A A3g Feeding WA 2] 9 3tell A v =]
W & AR7E 1o, IPTG7E H kel o g A x3 R-P66 AAike]l Q1= =] &kt

120 0.5 mM IPTG & 18
- 3§ 9.6 g Yeast Extract 14
E 212 1
S 80 =
2 m 10
03 o
g 60 £ 8-
= 0.5 mM IPTG =
£ - 6
= 40 4 9 o
e N g’ 4
S 5 Feeding Ui | B 2
< 2
Feeding ”
0 . . . . . = ) 0
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35
Culture time (h) Culture time (h)
—0—211109 —e—211116 —0—211109 —e—211116

19 3-3-5. Yeast extract &7°l o3 A= E coli BH

(4) R-P66 A1ks 913k aE HA st

Yeast extractE® %7] @& a2} Feeding WA Zztel 10 g/L 2 40 g/L #H7tste] &3
WA E Az o, 7] W wx 9 MgSO~7TH0Z 35 g/LE, Feeding 1A 9] glucoseZ=
564 g/L= ZAAHHAF AFE#: 251 g/ glucose, 24 g/ yeast extract, 7 g/L
MgSO,~7TH,0). 1% 3-3-63 2 2 3o 5gd ¥a E5+ 50 LPM air®t 05 LMP O,
A atell A AFEASH, 0D.600nm = 90 ~ 10691 AF AlFel 05 mM IPTGE A7k At
°F 30 A|ZFe] Wwa 2 AxF dFT-S 0.D.600nm=275 ~ 2812 AF3H R-P66 LB.& A1Hs)
RTH2® 3-3-7). TR TR AZFA TE wiA W G2 25 ARRESISH, Feeding WA =
1,050 T 1,057 mL #37F FHHA o] & S, feeding FUF S7kek WA | B o] &E F
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0.5 mM IPTG

Growth (0.D.600nm)
i
8

\1 211208 211228
100 A
<—05mMIPTG Antifoam B K| A= A| FEEDING &
50 FEEDING & DO 20~30 55~60
Feeding ~ FEEDING §%& 0.65 mL/min 0.7 mL/min
0 T T T T T T =
0 5 10 15 20 25 30 35 | Glucose 21.98g/h 23.67g/h
Culture time (h) YE. 156 g/h 168g/h
—0—211208 —e—211228
_Q_ ) Al dr&E o] *% S
9 3-3-6. K7 2R D9 HH 3}
211208 batch 211228 batch
Induction time (h) Induction time (h)
kpa M 05 05 25 45 6.5 85 105 12.5 145 16.5 M-10 -7 -55-32 -2 -1 0 2 4 6 8 12 14 16 18
k 5 T ol By SO LR i o ™ - -

250- .

e

-

>
o
J
r o
o
L
32
o
Jo
N
-~

F7H e OF T3 A i nEE g 2 dud A

F =S o= A WA, glucose ¥ yeast extract F7FEF WA o= 7t
I FERAC F 339 g€y E HAEE 400 T 800 rpm agitation speed, 3.0 ~
45 LPM air 2 00 ~ 05 LPM O 4 A BHATHLH 3-3-8). oF 6 A3+ Az=sh it

HaE 27 BE A W F2 2R AREW Arto]l A%e]a(0.D.600nm = 12 T 15),
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Feeding ®l#] F=o wet AGE(FHY AEE = 18 7 25 wh)o] 7ttt (™ 3-3-9).
g A(0.D.600nm = °F 80) Al H7Fs 0.53 7 0.8 mM IPTGOl 9t 2|z whuld YAk
7178 &)k iAW B2 oF 1.7 g/L otz AU, IPTG H7Fel whe i dd
ol 5 elst ¢ AATHITHE 3-3-10). E& F=27HA ¢ 1 L9 Feeding "M A7 F4 A
om A AFE 0.D600nm = 105 ~ 1089 ==& utt wE& FE71A 142 g/L glucose, 18
g/L yeast extract ¥ 1.5 g/L MgSO,~7THO7} AF-&5 o, /714 g Do A3 diH] 564,
741 2 44.1%9] glucose, yeast extract @ MgSO,~7H,O A& 9] wgrl 4853,

o\

9
8
100 05
7
80 S04 6
= = 5
X’ =
£ o
S 60 £ 03 z,
8 £
40 S 02 3
2
20 01
1
0 0 0
0 300 600 900 1200 1500 1800 2100 0 300 600 900 1200 1500 1800 2100 0 300 600 900 1200 1500 180 2100
Culture time (min) Culture time (min) Culture time (min)
900 5
800 45
—_ 4
E 700
£ 600 %5
3 s 3
§ s00 z
& 225
< 400 e«
s 32
7 300 15
£ 200 ¥
100 05
0 0
0 300 600 900 1200 1500 1800 2100 0 300 600 900 1200 1500 1800 2100
Culture time (min) Culture time (min)

19 3-3-8. 771 HE @9 "H2E waolAe pH, O, DO, air 2 agitation speed 3}

0.8 mM IPTG

1w %5 Feeding Induction
£
S &
3 N
a T 0.53 mM IPTG
o 0
= 0.8 mM IPTG
)
2
o

2

Feeding
»
o[t T T
0 5 10 15 20 2 0 5 10 15 2 25 30
Culture time (h) Culture time (h) Culture time (h)
—-220511 —0—220517A —O—2205178 —8-220511 —0—220517A —3-2205178 —8-220511 —0—220517A —O2205.78

a9 3-3-9. /b R @ HAE ERelAe Axzd oA AR
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220511 220517A 220517B

Inductlon time (h) Induction time (h) Induction time (h)

a9 3-3-10. #7HA 2E @ "H2E 3o e R-P66 1LB. Ak

kDa 0 3 6 9 12 0 3 6 9 12
250 -
150 -
100 -

75-

M
—_—
— e = =i =
— —
—

w
~

~N
w

N
o

-
w

TR ifs\\xz

(2) MgSO47TH,0 =4

Feeding 1A ¢ 2 IPTG 7} 329 AAEo| #Ahste AL 14357 Y3, Feeding
i =] 9] MgSO,~7TH,0E Z 23tk T3 feeding® S continuous(220525A batch) HEi=
30% DO STAT(220525B batch)o.& F&3}o] A3t 400 ~ 800 rpm agitation speed,
3.0 7 45 LPM air ¥ 0.0 7 0.5 LPM O.9lA Z &3t continuous ¥ DO STAT feeding =7
oA wfA] W glucoser= °F 0.3 g/L °]3tsiem 3] DO STAT feedingol 4 8i#] W glucose
&2 01 g/ vlvtew fFAEHATHY 3-3-11 % 3-3-12). 3FA %, DO STAT feeding(15.5
A1ZF O.D.600nm = 95)2 continuous feeding¥ W] 23}e] =% Feeding WA FHo =2 Axg
2 A EH%= T3 continuous feeding(135 AlZF, O.D.600nm = 99)¢] AF-HT}F =}
Continuous ¥ DO STAT feedingol A< 067 mM IPTG 7} & Ho] % £x= 23 2 19
whaom, Zt feeding 2719 A A 0.D.600nmS 230 2 200°] 21t} Continuous feeding
o2 251 g/L glucose, 11 g/L yeast extract ¥ 5 g/L MgSO,~7H:07} AFEE A o™, DO
STAT feeding= 212 g/L glucose, 9 g/L yeast extract % 4 g/L MgSO,~7H07} AF-& 5 At}
Feeding ¥ < &23 + @wa= f714 @3 @ H2E batch tiH] 20 ~ 23 vf =2 A%

2 215193, R-P66 LB, A4 3 F7h8 A FARATHIY 3-3-13),
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pH

75
74
73 s
x T2 £
o
7.; Q
69 [ Re . e
6.8
0 300 600 900 1200 1500 1800 2100 0 300 600 300 1200 1500 1800 2100
Culture time (min) Culture time (min)
——220525A —— 2205258 ——— 2205254 —— 2205258
AIR
OXYGEN
0.6
5] f z
i % 04
T2 £ 03
<q ®o2 r
0 o 01
0 300 600 900 1200 1500 1800 2100 =
Culture time i) 0 300 600 900 1200 1500 1800 2100
ulture time (min
Culture time {min)
——220525A —— 2205258
——220525A —— 2205258
RPM FEEDING
1000 2000
800 | Z 1500
600 : =
2 Jﬂﬂ 2 1000
@ 400 I ]
200 | 2 B
0 0
0 300 600 900 1200 1500 1800 2100 0 300 600 900 1200 1500 1800 2100
Culture time (min) Culture time (min)
——220525A —— 2205258 ——220525A —— 2205258

o9 3-3-11.
MgSO4~7TH.O 24 #7124 @& @e°A419 pH, Os DO, air, feeding speed % agitation speed
H 3}

250 1
g
— 200 4
E :
L (=]
Q Q
B 150 °
g 0.67 mM IPTG o
g Q
£ 100 1 :
e
4 £
0 5 0.67 mM IPTG H
FEEDING . =
0 : : : : —
0 5 10 15 0 5 30 35
Culture time (h) Culture time (h)
——2205254  —O— 2205258 (DOSTAT) —8— 2205254 —O— 2205258 (DO STAT)

19 3-3-12. MgS0O, T+ feeding 52 243 A% E coli WHE
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Induction time (h)

220525A 220525B
0 3 ™M 9 12 15 M 9 12 15

il
v

1% 3-3-13. MgSO, =+ feeding =& X243 Haoale] R-P66 LB. A4t

B IR
il llll

’

'

-

(3) Feeding speed =%

pH STAT X+ DO STATO| 3% Feeding Ml#] =942 @& A7te] S0y ddS 2t
a9tk olE FE3E7] 98l, feeding speedE FHIATH 1Y 3-3-14 % 3-3-15). HWE
Feeding WA %2 Az &2l glucose o]&o AJg+S F7] wjitol, Feeding ¥IA Wi
veast extract ¥ 43 ATh 1 mL/min ©]49] feeding speed= W&ol A& Yoz om,
Feeding "I #] W yeast extracte] <Fol] we} A Awr7l AAE = AS A3t 30 g/l
yeast extract® FTY3HHA 1369 &3 AZF e O0.D.600nm = 124= AAsHAw 25 g/Le]
veast extract FY 3 vFR7FA 2 inductione] A (ks 23)7 DA st TH 1Y 3-3-16). ©]
= AW air, O, ¥ agitation speed ZANME A DOE FAT 4 glojA dAHE g

9] glucose HIAl W Aol 9% zow yrhErh

7.02 120 900
7 s ‘

E 700
6.98 E j
696 80 5 o0
= 2
T 694 £ o0 g 50
2 \M 2 400
692 | S
L 0 \r % 300
69 " %200
6.38 100
686 0 0
0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800

Culture time (min) Culture time (min) Culture time (min)

——25g/LY.E. ——30g/LY.E ——25g/LY.E ——30g/LYE ——25g/LY.E. ——30g/LY.E.

Air (LPM)
o b N ow A 0 &
Oxygen (LMP)
s o
g 8

200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800
Culture time (min) Culture time (min)

°

——25g/LYE. ——308/LYE ——25g/LYE. ——30g/LYE

19 3-3-14. Feeding speed =4 5ol A2 pH, O, DO, air ¥ agitation speed %3}
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160 - 1.24 mM IPTG 35

\

~
e

~
S}

IPTG

[N
@

Growth rate (u/h)

0.5 mM IPTG

Growth (0.D.600nm)
%
S

5
-

FEEDING

o w
o @

[ 5 10 15 20 25 30 5 10 15 20 25 30

Culture time (h) Culture time (h)
—0—25g/LY.E. —@—30g/LY.E —0—25g/LYE. —@—30g/LY.E

14 4 12
=12 4 10 ¢
£ =
5 19 E
E ©
= 08 A b=l
= @
2 5 g€
2 £ IPTG
= © 4
£ o4 ] 1 \
o a
o
=02 2

0 g r r r r : : r S o 4
) 200 400 600 800 1000 1200 1400 1600 1800 0 5 10 15 20 25 30
Culture time (min) Culture time (h)
—O—25g/LYE. —8—30g/LY.E —0—25g/LVE —8—30g/LY.E

% 3-3-15. Feeding speed 24 WgoM e Ax=3 E coli B

30 g/LY.E.
Induction time (h)

kba M 0 3 6 9 12

250 - W=
150 - W=

100 - v
75 - .

50
37-.

25 - -

20 - S

15 -

1048

13 3-3-16.

Feeding speed =4l 23] 30 g/L yeast extract’} #|l &% x4 2 R-P66 LB. A4t

(4) R-P66 A 9% wE A3

Feeding £xZ2 F7}417]17] 98l, veast extract®] ¥%2 A1 40 LMP air, 1.0 LPM

=

O, % 800 rpm agitation speedollA] &3 HEg= HU feeding % 1.4 mL/minol A=
glucose =242 AR dti(1d 3-3-17 % 3-3-18). O.D.600nm = 65 % 12894 3§ 3l
IPTG induction®. 2 FH o] A% O0.D.600nm = 213 % 2425 7] E3+= nd = wjF wa A3}

_l

o
By
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]_

glucose, 10 ~

SRS =Y

o] Foj# t}. IPTG induction ¢ o} A%
Ak 2 3o g F9F Feeding WA=

13 g/L yeast extract

12~

2 °F 29 whleH, DO+ 20 ~ 50%E A8t
15 L7F &x0=e] HF4e= 180 ~ 241 g/L

2 37 T 45 g/ MgSO,~7TH07F AF-&-5 1tk R-P66<]

Slste] 24 BE AH5HE SR AATH )
Shelsto] 24 g FH A 5= 19 3-3-19
PH DO
8 140
78 i 120
76 f 100
N S o
.7 = l l a 40
68 | 20 I
66 0 L
0 300 600 900 1200 1500 1800 0 300 600 900 1200 1500 1800
Culture time (min) Culture time (min)
——220629A —— 2206298 ——220629A —— 2206298
AIR FEEDING
5 l 2000
4 : e l = 1500
- L g 7
i % % 1000 l — -
<. 2 500 1 =
0 0 1
0 300 600 900 1200 1500 1800 0 300 600 900 1200 1500 1800
Culture time (min) Culture time (min)
——220629A 2206298 ——220629A 2206298
RPM OXYGEN
1000 14
L o [ —
800 : —_ 7 Y =N =
H r
s 60 ‘ o8 F ﬂ
z F [
2 a0 — 506
Z 04 '
20 © 02 £ |
0 o — |
[} 300 600 900 1200 1500 1800 300 600 900 1200 1500 1800
Culture time (min) Culture time (min)
——220629A —— 2206298 ——220629A —— 2206298
1% 3-3-17.
5 S 7FAl H1k5 () : 5 m o
sk F714 dE @A e pH, O, DO, air, feeding speed % agitation speed
10 h-induction
400 (0.D.=242) =
10 h-induction }
250 (0.D.=213) 10
’g =
é 200 % 8
3 3
3 150 g6
e c
£ 0.5mM IPTG Fi
© 100 (0.D.=65) 2
5 0.97 mM IPTG @
(0.D.=128)
50 2
FEEDING
0 AL
0 5 10 15 20 25 30 ] 5 10 15 20 25 30
Culture time (h) Culture time (h)
—0—220629A —O— 2206298 —8—220629A —O— 2206298
GROWTH RATE FEEDING SPEED
35 16
30 14 l
Z12
= 25 £
o
o 20 =
©® 3 os
£ it &
s
O 10 I S oa
5 02
o T 0
0 5 10 15 20 25 30 [ 300 600 900 1200 1500 1800
Culture time (h) Culture time (min)
—8—220629A —O— 2206298 —8—220629A —O—2206298
_9_ > 515 o PR =1 S  F g
a9 3-3-18. HA g 714 HE @A ANz g A



Induction time (h)

220629A 2206298
0 2 4 6 8 10 12 14 0 ™M 8 10 12

i

kDa

2% 3-3-19. A3 7F7HA EE @A e R-P66 LB, A4t

A L I R

(1) 28 "HE
7k g O 2 @ 28 HASE 8 A FFe] Zasit A FEel s u
o BEgE Y3 Axgg fHo i3t 771 HEE S8kt 3.0 LPM air ¥ pH 69 ~

o

705 A3 e A A4 glo] agitation speed(HtH 800 rpm) Hh
(19 3-3-20). ¢F 5 7 6 Ao wE=E %7 w8 wjx W glucose’t EF
(O.D.600nm = 17 ~ 23), Feeding WA & continuous feeding®. 2 FYsFAHH 3-3-21). &
3 319 B H2E RFoA BE v ] §& 2F ARHITH 0.D.600nm = 60914 05 T
1.0 mM IPTGE #H7Fstd (29 3-3-219 211006 % 211019 batch), H o A% 0.D.600nm =
10601 o™, of AHelA IPTG 7t s5kol o3 fol= gldeh. 211006 B 211019 batch X
o} o]2 A]17]19 05 mM IPTG induction(O.D.600nm = 49)& <33+ 220209 batche] Ztl 23
2 0D600nm = 125% induction Al7]el W& Az hFte]l A AolE st
220209 batch®] induction ¥ Hul AFEL °F 12 wh= late induction(211006 % 211019
batch = 5 7 7 vwh) Ht =& AHLES EAJt. R-P66 A4k=e T3 0.D.600nm = 49
induction®l A} T2 2 3]¢] late induction®] 79Xt} Hold A& SDS-PAGE #4122 &<l
st TH(1 ¥ 3-3-22).

b 2dE BEE FAs
£

d (rpm)

Agitation speet

55888838688
-
pH

1 1 50 1
ulture time (10 min) Culture time (10 min) Culture time (10 min)

18 3-3-20. 714 2HE @ HAE wE e pH, air 2 agitation speed
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5

0.5 mM IPTG

1.0 mM IPTG
0.5 mM IPTG

Sugar in media (g/L)

Growth (0.D.600nm)
o N & o ®

FEEDING

0 5 10 15 20 25 30 35 5 10 15 20 25 30 35
Culture time (h) Culture time (h) Culture time (h)

w
bl
o

—0—211006 —0—211019 ——220209 —0—211006 —O—211019 —@—220209 —0—211006 —O—211019 —@—220209

29 3-3-21 F7HA EE © HAE 2RolMe] Az i A 2 vk A%

Al Ao A el IPTG induction

(211006) Induction time (h) (220209) Induction time (h)
lz(ng M 15 18 0 25 45 7.5 95 115 135145155
2
100 s
75 -—

50 e

37 -

5I

15-( ' , !
10

25 —

a9 3-3-22. 77HA 2R O HAE 2Rl R-P66 1B. AL

20 s

(2) Glucose =4

714 23 O 2 @ 2L ndE wdS Y3, Feeding ¥1A ¢ glucose, MgSO,~7H,O
2 thiamine-HCIS Zz+zF 350 g/L, 2 g/l % 50 mg/L&E WA3Ah 19 3-3-24%F 7o vk g
Z7 30 LPM air 2 pH 69 ~ 7.0, 3 800 rpm agitation @ At w3 dlo| A F=3 3 b
golA, oF 5 Al wido g %7] &g WA W glucoset EF AEFHATHOD.600nm = 10 ~
21, 19 3-3-23). Feeding= continuous(220329 barch) %=+ pH/DO STAT(220413 batch) %
Mo ZagsArt. 075 mL/min #4522 A3P3F continuous feedingol A A2 thH -
95 whe Hdo AFEZ AAFFAAT FE 13 A acetic acid7} #1A] ol =4 FH AL
IPTG 7ol o1& R-P66 AAF mgh o] Fo|xx] &dtt. A=, 220329 batcholl Al F
T34 g/L, 17-26 A13F E)o] HAs AL, gt AFE ST

—~

Az el Feeding WA W 115 % glucose AF82 STAT feeding o = 3
(220413 batch). pH 2 DO STAT feeding< 220329 batch®E.t} =% Feeding #1#] F+4(2F 25
mL/h) o2, Az3 igdde] A Ae)r dAstA EAwk ¢k 41 A7) BE A 7HS QT8
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.
s

Aol

AT 221413 batche] FHd O0.D.600nm = 122(induction ¥ H HHAE = 45
wh)$om, IPTGel o3¢ R-P66 Aihs gelatith
140 12 10
120 9
_ 10 >
E 10 3 z;
8 0.5mM IPTG = ¥ 2
s ™ 1 g, £ s
< 60 : § 3
g 40 go A 8 3
° 2 ol 2 C/D/o\o =
’ ; 10 30 40 50 ’ 0 10 20 30 40 50 0 : 10 20 30 40 50
Culture time (h) Culture time (h) Culture time (h)
—0—220329 —@—220413 —0—220329 —@—220413 —0—220329 —@—220413
29 3-3-23. a23HEF glucosedl A feeding 4o W& A o] AT
140 7.05 900
120 7 80
— 700
10 695 Ejsoo
g% o 3 50
8 w o 5w
685 = 300
0 DO STAT T
20 — 6.8
pH STAT 100
’ 0 500 1000 1500 2000 2500 3000 o7 0 500 1000 1500 2000 2500 3000 ° 0 500 1000 1500 2000 2500 3000
Culture time (min) Culture time (min) Culture time (min)
9 3-3-24. 220413 batch®] DO, pH % agitation speed
(220329) Induction time (h) (220413) Induction time (h)
kDa M 0 3 6 9 12 M 0 3 6 9 12 15 18 21 24 27 30 33
il
100 -
TS-i
50-‘
37-'
25-‘ 1
208 111111 - ' '
13 3-3-25. 118 glucosed A feeding 23k Wg oA o] R-P66 LB A4k
(3) R-P66 Biks 93k wra 4 s}
MAaE AREEA e daEe TRV AR i BEEy, st ALE EavE o
&ot= AS uyEe wg xdolrh 30 T 5000 L wavlE wEy] &Y oF 50% o]/
7] & w7 Bast(d, 500 L a7 FHA 7] TE A = 250 L o). BE
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-~

27 &2 70%E 29k 9] TaEE AR DA 59 A wdite FaAEHA forn=,
ol | A3st7] 914 = Feeding MAE ¥ Ab&alof gtth o]& gRlste= wa HA &
L Z2a7]olA 383A . Feeding WIS 7]& wlx9] 2 v sF Aoz Az AFE(0.7 L)3 2
3lo] F RFE AAE ARESHA] @dow, T g HE, glucose R (NHyHPO4S| ¥
23l AFE trace metaloll A WstE Fr W (220726 2 220914 batch)E @ 3FATE F HE
EoF Ak 9 gle] oF 20% o4l DO7F fA e, 7 Hae] A 0.D.600nm=156-161
(19 3-3-26 ¥ 3-3-27).

9
32

7 i |
695 | I

'#L“-s,—--uwn-imm

T
s
6.85
6.8
6.75 ‘
6.7 0
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Culture time (min) Culture time (min)
——220726 —— 220914 ——220726 220914
900 6
800 — .
E 700
s
= 600 4
3 s ‘
a 500 5,
© 400 T
2 ‘ <
E 300 ‘ 2
2 200
<
1
100
o ]
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Culture time (min) Culture time (min)
——220726 —— 220914 ——220726 —— 220914

19 3-3-26. 220726 % 220914 batch®] pH, DO, air ¥ agitation speed

E 140 -
£ =
S 10 0.5 mM IPTG % s
G} ¥
o 100 5 .
o €
= 80 £
1 “—0.5mM IPTG 3
o 40 @ )
20 FEEDING
0 0+
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Culture time (h) Culture time (h)
——220726 —0O—220914 —8—220726 —0—220914
1200 12
1000 12
= 800 - 10
E El !
2 600 2 8
= 2
3 F
& 400 E
G 4
200
2
9 0
0 500 1000 1500 2000 2500 g
0 5 10 15 20 25 30 35

Culture time (min)

Culture time (h)

220726 —— 220914 —8—220726 —0—220914

% 3-3-27. 220726 3 220914 batch®] Az i A I feeding H=
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220726 % 220914 batch®] induction ¥ FHdl A& 13 E 95 whdlow, (NHy).HPO,
o] & 183 AME trace metal®] Aoldl wWE zpolE FRld 4 ST F g Aole
IPTG induction Al &elA Yerst=d, PTG inductiong O.D.600nm = ¢F 539 F~33t= # 9]
Az dgwe] A% 2 R-P66 Aol Feld AS QA8 vh(220726 batch, 13 3-3-26
9 3-3-27). w@rulz AL =W A 2207126 batchy: ¢F 760 mL¢] Feeding ®i A A}F-8(220926
batch = ¢F 1,000 mL), 25,5 h & A]7H220926 batch = ¢F 30 A|7F), A2 glucose 2 air AF-&
(3.0 LPM; 220914 batch = 50 LPM)®] o] =gl on, R-P66°] AibsF w3k 220914
batch®.t} =9ttt

(220726) Induction time (h) (220914) Induction time (h)
kpa 0 2 4 6 M 8 10 12 14 M 0 2 4 6 8 10 12 14 16
250 - i P . i &l 1l i
150 -
100 -
75

50

37

25

20-

I 828 ) i

19 3-3-28. 220726 B 220914 batch®] R-P66 1.B. A4k

2t R-P66 BihE e st v

R-P66 A4S flgh A&3 das daAEssdyd % 9 A5 29 W 30, 500 2
5000 L ®a7]elA Fastdhi(2d 3-3-29, 3-3-30 ¥ 3-3-31). 30 L &gl FTudS LB
A =] 2] flaskoll Al HD&FsFHom, 500 L 5000 L &a FuldF2 20 2 200 Lo LB A 0|
A HE(36C, 1 VVM air, 100 rpm agitaion)= &3ttt 30, 500 2 5000 L EaeA o)
aire 20, 40 2 1,350 LPMo|lom, Ht agitation speedi= 310, 250 % 100 rpme] At} AkA
5 AFEeA] v oA Adge wEe] ¥ 0.2-0.27 barg FASATH 30 2 500 L
g9 DO+ 40% o4& X3t e, 5000 L Has 20% DO(AZ DO = 0%)=2 &R15 o
30 ® 500 L & Bop 22 Axd didd 844 2 R-P66 A A5 JERATH

3F9 TEE 577 A TEAA 27 dE wH Y] FS BT AR feedingo] 13
(500 % 5000 L ¥&+= Feeding ¥iA| ol antifoam A7PH¥E o™, 05 mM IPTG induction
0.D.600nm = 46 ~ 529 A4 Aldel| My AT IPTG induction ¢ Hdl AFELS 7 7 11
whaem, g 5 A7k A O 32 012 g/L °l8t=2 FAEAT 2a 7] wix 1 L

T oF 180 mL®] Feeding WA & AF&3E 3 &9 483 Wa EFolA 5 L 2aet FASHI
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thaFe] R-P66 AJxte] Hglom, &g A9 AZH25 T 26 AlZh) EgE A8 5 L waet A
3Fth 5 kL =& 9] wet cell (90-100 g/L wi %
(73 g/L wid)o =z dEdr) 5 kL wEe 4%, DO A5 98 Aie 9 &
e o] o] FoAH, R-P66 AAFES AT Adnt FUHE Zow @pddEATh I
gest E AEd P8 5L 2R AP wARR Ade 2R, At T ARE 500 =
5000 L &ra7]el A2 R-P66°] &3t tiaddits 918 dstd 18 % Axd

Hj o] 7hs Aol

1 o}
M
r O
A,
32
lo
o
w
S
unl
e
fo
lo,
=
@
&

rr

ol
A

it

DO (%)

Agitation speed (rpm)

0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800
Culture time (min) Culture time (min) Culture time (min)

—30L 500L ——5kL —30L -500L ——5kL —30L 500L ——5kL
8 045
75 04
035

=,
%

B
@

025 |

Pressure (Bar)
°

015
01
45 0.05

0 200 400 600 800 1000 1200 1400 1600 1800 ) 200 400 600 800 1000 1200 1400 1600 1800
Culture time (min) Culture time (min)

——30L ——500L ——5kL ——30L ——500L ——5kL

a9 3-3-29. 30, 500 # 5000 L & 7] ARE g oA 9] air, agitaion speed, DO, pH ¥ %=

12
Aldﬂ 10
E 120 = )
£ £ 3,
8 10 0.5mM IPTG = &
a " v
5 80 0 6
s 0.5 mMIPTG 1 £ £
= <
§w ™ g g
O 40 o a
v 0.5 mM IPTG 2
0 FEEDING
0 . —_ 0
0 5 10 15 20 25 30 30 0 5 10 15 20 25 30
Culture time (h) Culture time (h) Culture time (h)
——30L —0—500L —E-5kL ——30L —0—500L —B-54 ——30L —0—500L —@-5kl

19 3-3-30. 30, 500 2 5000 L 2&7)oA Az e A
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(30 L) Induction time (h) (500 L) Induction time (h) (5 kL) Induction time (h)
0 88 10511512 ™M 114 63 46 -24 0 103122 131 M - 3.1 6.1 9.1 10.6 11.6 12.6 13.5

- t
Lot - |
ﬁ &>
pos | -
o -
1
‘Y ‘ [
19 3-3-31. 30, 500 ¥ 5000 L w& 7)o A el R-P66 LB. Ak

F 1t N

el BT

Az A Lagz AAEHE R-P6S E3A49 BJADB., inclusion body)o]H,
R-P66 LB.9] F&& falAE A2 dd AXE 7 Zosith HA AE 9 21
Zt7] 918, lysis buffer® F#3F Alxdyt wbg ol s A QF# o] Nano dispererd] 1 £+ 23]
H 00 bar, 1 passolA] 35%¢9] AE7} AEFon =

2 S gl wEt AxE AEEC] AASFATHI00 T 1,000 bar = 10 T 11%). AlE el 9l
oA YgE S Fa% AAd F JAARE T o] wek AE gHe o ERHoE ofF
o] Xttt 500 bar, 2 3] nSFEAY] FHE °F 94%9 A o] IFAEH Ao, 1,000
barx2 passol Al oF 98%<] A xF diFgato] I = ATt

Lysis bufferg /3= Triton X-1009] A3z 32 d3FS glstr] fsl, o =+
0.5% Triton X-100 # 7} FgHS 1,000 bar(14,504 psi)ell Al 338 A tH(Fig 3-3-32 ). Al
Hfrel g o} fFAbstA e T3 Slgrol wel AE i) Fw7F Frhste]l B R = 05%
Triton X-100 H7} g2 1 2 2 3] = 94 7 95% 2L 99 ~ 99.9%°] A z=3 dlato]
g = ATk AEZ 9k Sl A Triton X-1002 2 43S 72 &A%, R-P66 LB. 3]0l A
Fedzl S FAT Triton X-100 "3 7F AZ g3 gafio] W & E27F 2AsA
3, Triton X-100S H7F3F AlE glaiwto 2% R-P66 LB. ZFo] HAAHA=M, o83 =
gl 9AEE 1B, 355 &olatA slFrh Triton X-1002 #7He AX s 4%
ShH, ofolR Mo R-P66 IB.7F A1, cell debrist &5 Yol &A= R-P66 LB. A A
7} 7hs skl

oftl M
&
>,
£
2!
0
N
w
w
&)
»
>
I
Jo
_IO
rlo
a1

s
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Nano disperser (1,000 bar x 2) CFG
Bar PSI Broth Broth+Triton X-100 Broth Broth+Triton X-100

0 0 r w i -
|

500 | 17259 Broth (1,000 Bar) 1 ‘

600 8,703

Cell+Lysis buffer

-
o
=]

=

]

=1

700 10,878

g

o
=1

=~
S

Cell survival rate (%)
@
3

Cell survival rate (%)
@
3

20 20 5~6%
0 0 =] FraEr
0 200 400 600 800 1,000 1,200 0 1 2
Pressure (Bar) Pressure cycle
—O—1Pass —@—2Pass OBroth (ditect) @ Broth+0.5% Triton

1% 3-3-32. Nano disperserg ©]-&3t #A|x=3 & 942 2 R-P66 LB. 3|

o AlE dh sl 24

g o] 20 mM boric acid(pH 8.0)¥ 05% Triton X-100& H7Fgk A2 Ihafel A 3}
Sl d 2AaE4 Wsts AT (Fig. 3-3-33). AR SHolA, 1 3] gz Foixl
o HA kel o7 ik SF $) 2 3 o] FHE Al ow, 2 3] o] dfiH
AE B Ede] SUbskith 2 39 Ax d= FAsE R-P66 LB 2 3 3] o] Ax
Sz G AAsTE dojston, 3 3 ol dHNH 5 LB.o] FA FAas]
o FAAe R, 300 mLe] HEAS 1 7 2 3] 3 375 3] 3% F washingS® 343
R-P66 LB.o] FA+ 7} 286+1.0(100%) % 17.6+2.5(61.6%) golAtt. olefg xfol= 3 3] o4
A 2RE EAE = QA ofF Aew ddEH=u, ArAstd g2 2 3 2] Triton
X-100 washing Aol TedsiA] & JHA(R-P66 &2)S F43to] 34 &4& TAAA
th. SDS-PAGEIA &< R-P66 1B. 3|58 £ 2 3] AE shf7k A4 9] shaf 3152 A
< HojFth

1PASS 2 PASS 3 PASS 4 PASS 5PASS

Nano disperser pass
M1 2 3 4 5

Nano

disperser kDa
_ [l ] 4
%gg_ _“"‘m"—|-- 4 ]
100 - ] |
75 -

I.B.
washing

a9 3-3-33. Al d Slel wE =4 A3k B 35 R-P66 1B.
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ok LB. 34 A3}

(1) A2 32 chamber EFS)

A 3}7] Nano disperser =+ Microfluidizer= Z- %+ Y-type chamber’} &=z o] <l
o™, F chamber= AF§ GG Al Aoz} o). dWrA o= Z-chamber= A3 33|, particle
size reduction % deagglomeration ol AFEFW, Y-chamberi= nanoemulsion, lipid
nanoparticle, encapsulation 2 polymer particled] AF&¥®t} 05% Triton X-100°0] H7d 2
gHS Z- 2 Y-type chamber® 32jste] 42 1 g R-P66 1B. W @22 1146105 #
1129402 mgo = A= 3+ & =o|7F AT 2 3] AxE FH =2 1A A A chamber

typedt 34 92 R-P66 IB. =0 432 54 &= AS stk (Fig. 3-3-34).

otk

2 Pass (psi)

Z-type Y-type
| |

f V0 I

12,000 7,500 20,000
7,500 20,000 12,000 M
kDa
-250
-100
-75

-50

BRI

- .37

-25
-20

% 3-3-34. Chamber typed} 32 telo] w2 R-P66 1B, +&

(2) IB. g

R-P66 1.B. &4l A4 chamber typed} A& 42 Hthi= Triton X-100 H7F 2 2 39
o BF7E Fad A FAsdnh 2 Fof AE G TE&X R-P66 1B. 35 WS
2787 98, AE FfFdat dgee] g ME g E FPskal R-P66 LB. washing®] 2

245 Adsdti (™ 3-3-35). $VIEALE, Al FadelA AlARE R-P66 LB, 34

Triton X-100 washing®} buffer washingo] Z 5% ow, g do|x A]2sk R-P66 1.B. & 5o
A& washing® #3384 R-P66 LB.o] 3|55 t}h HZ, washinge Ajzloes dx =o

R-P66 LB. 3|5 7FsatA stAw, & Hoy Eg ol v Bl no washing
o % R-P66 LB.E 3lFalof o= Aox A 355 3 R-P66 AL SHolA &

o
2



2 & washing $1l© AF82 washing I A HAE = vz R-P66 LB, =4S WA=
Aog Foxda 34 R-P66 1B.o A washing® no washingoll A ) oF 11 ®j9
ZFol & H 9t Washing@ no washing ¢ 34 R-P66 LB.E refoldingst™ & &Adol A <F
75 el Apol7t wAETE FarE, Ao R-P66 LB. 3 W& 05% Triton X-1000] #

b Wele) 2 5] AE 4 % washing 91 859 Aom St

kDa ™M 1 2 3 4

=]
4 "
50 -
:
37- ‘
| . - i

-
-
Lane 1: M Z £5H It} & washing
15 £ Lane 2: MZ 274 Tt} Z no washing
1 ) Lane 3: &% T 5 washing
Lane 4: 25 4} & no washing

19 3-3-35. R-P66 1.B. 3] A 2] washing % g

gh, A g Hge] wgNoFHE LB 3|4

30, 500 3 5000 L &7 Fae Axdd et AdE HE F, 5
g ol g AE(90-100 g/L &HE )= tubular YA EE 2 A 5ot WEs 2#ASAT 30
2 500 L we7] g de 05% Triton X-100 # 7} % High Pressure Homogenizerel 2|3}
At Aol #3833 Nano disperser A|E ¢ w72 AE o] 93
R-P66 1B. To| #leen, AHdEHE &l R-P66 IB.S 35t ArH(1d 3-3-36). 2 3]
o4 2 tubular = disk 9AEE 353 R-P66 IB.= 4 A

AR AR

4o
rhr
112
o
>
ML
i)
w
=
S
S

I, £24% A3 R-P66 1B.(73 g/L vital)= A Ao Ws Bt g dar =
X 2FE R-P66 LB.& R-P66 thek A4 3] A& glch
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High Pressure
Homogenizer Tubular CFG Dlsk CFG.

500 L-Fermenter

30 L-Fermentation: 500 L-Fermentation: R-P66 1.B.
Cell disruption Cell disruption i3 =

Before CFG. CFG.Sup. Broth HPH 1 Pass HPH 2 Pass CFG. Sup.

1% 3-3-36. Ay wrEEH5E R-P66 LB, 3]

w
m&‘l

43 R-P66 A4t

7}. Unfolding

(1) Urea %= % unfolding &% W LB. 3=k
R-P66 IB.Z& 71-&3tat= HZA 9 urea 5% &S 93, 10 mM mercaptoethanole] 338t
2 07 6 M urea®l Al 5% R-P66 LB.= WFg3SIAtH 2 M9 ureat-H unfolded R-P66 1.B.7}
AEdo g 718350 0™ (56%, 100% = 4 M urea), 3 M urea ©]olA o R-P66 LB. 7}
232 g3ttt 3 M ureaol A 91%9¢ R-P66 LB.o] £&%9ow, 3~ 6 M ureacl 93
£4F @A L 6154029 ug/ulL(l g R-P66 1LB.9 ol &= @& = 123 mg)olAtt. R-P66
ILB.& 7I433st= H 49 ureats 3 M ©do g AE AT

Urea concentration

M ppt. sup ppt sup ppt sup ppt sup ppt sup

19 3-3-37. Urea v%°| W& R-P66 1.B.o] 7}-&3}

kDa

73

100

Protein concentration (ug/ul)

o = M ow & v o

T T T T T
1 2 3 4 5 6

o

Urea concentration (M)
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(2) Unfolding &84 #3

6 M9 urea’} 349 unfolding & NS o] &3 5% R-P66 ILB. 7}F&3lol = AR 5
A= FFo] FHAnt o] B84 8o F71 71E3t Ve ofFE &<lsty] @, R-P66
vl 3]4(25%)3] 4 M urea®] unfolding & oA 71883}

-P66 1B. 314 7hE&3stoll = 8 @] 2 2 Wiyt glle

80 1
40
20 4
0

375% 2.50%

I
jait
w
o
%
—
z
Do
=
oo

Relative protein (%)
@
3

R-P66 |.B. in unfolding solution

ol

1% 3-3-38. R-P66 1B. == &d 3 7}& o g

=k

Qs

i

B
=&

o,

85 34387] ¢38l, 3 T 5 M ureatl0 mM mercaptoethanol(2-ME)©¢] 33}
% unfolding 9o = 25 7 5% R-P66 LB.& 7I&3tst & Hd 584 2895 AHAH
(19 3-3-39). Alx" HAEL cell debris® unknown ppt.® &% +=d], 2-ME7F #7144
glol A 315 Ee ureas ASTTE cell debrise 7HE3tE = AS &<1sd. 2-MEE A7t
st 22 3 T 4 M ureaclAl
53-54%(w/'mE ZA3FATE 5 M urea+l0 mM 2-ME ©]-& unfolding®] E-84 & oA oj4-
9] cell debris7} 7}-838F=©] unknown ppt.i= R-P66 1B.2] ¢F 14%(w/wel dTFst= A=
geletAtt. A=, wet R-P66 LB.&= T8 X3 AJEjdA] oF 40% cell debris, oF 14 ~
15% unknown ppt. ¥ ©¢F 45 T 46% R-P66°.% FAH ZHo =z o=ttt Wet R-P66 1.B.&
FAAZEH, oF 72%9] o]l AAE R-P66 LB. powderg 4= T

& 1 g wet R-P66 ILB. Ul =53 R-P66-> ¢F 126 ~ 129 mge &2 Al4tEY o]= 3 76 M
ureadl 93t &= FHo wwAo] 1 g wet R-P66 ILB. & 123 mg¢l ZA(1¥ 3-3-37)3} FA}3H
Ays Bl Cell debrisE A% unknown ppt.o] @MAL 7183 R-P66 LB. oyl 2]
1.5 7 33%° @uidollow SDS-PAGEClAl <18 unknown ppt. ©¥ &2 ¢F 35 ~ 50
kDa®] =719 @l o] ATHR-P66 = 50 kDa ©]7). A4 0%, 3 ~ 6 M®| urea AbERFO =
sttt

A

gole cell debristunknown ppt.= R-P66 I1B.°] ZHA

H

32
O
o)
et
o\
i
ol
on
)

off

= AAE unfolded R-P66S ¢S F U= AL

R
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1 g 1B/20 mL unfolding solution PPT. -> D.W. Washing
(3 M Urea, 20 mM buffer) 3 M Urea

| |

| Homogenizer (3 H, R.T.) |

2-ME: X (o] X (o]

1g18/40 mL unfolding solution Weight/Wet IB: 53% 27% 54%  17% 38% 14%
(3~5 M Urea, 20 mM buffer, £ 10 mM 2-ME)
1 Debris M| 7
Invert mix (1 H, R.T.) M .ZLE/ IB | Urea | 2-ME Bg/mL | _ 35 Protein
\ N ¥ 3
v — ” 1 3M OmM | 1g/A0mL E on
2 | 3M | 10mm | 1g/40mL | £ ,
5
| Centrifugation |~| Precipitant | 3 1AM 1 Om [ de/0ml 2 e
4 | am [ 10mm | 1g/0mL | £ 1
Urea | 2-ME | IBg/mL l 5 | sm | omm | 1g/a0mL | = O‘Z
1 | 3m | omm | 1g/20mL > 6 | sm | 10mm | 1g/a0mL 1 2 3 4 5 6
2 | 3M | omM | 1g/40mL D-W. Washing 1B PPT.
3 | 3M | 10mM | 1g/40mL 1 2 ug protein loading
4 iM omM 1g/40mL ) Unfolding ppt. -> boil
5 M | 10mM | 1g/a0mL Centrifugation Unfolding sol. Unfolding ppt. -> sup.
6 | sM | omM | ig/domL M1 2 3 4 56 12 3 456 M12 3 45 6
= —
7 | sm [ 10mm | 1g/40mL — =
75 kDa - s =
3 - 2 50 kDa - (i = T S == s = >
37 kDa - s -
- -
Urea: 3 M im am am 5M 5M
2-ME: 0 mM 10mMm omm 10 mm omm 10mm - -

18] 3-3-39. R-P66 1L.B.9] cell debris ¥ unknown %92z HXA

(2) Buffer A®
71 AF83Y unfolding 2 refolding buffer(glycine ¥+ boric acid)E A

buffer ¥2< ¢38l, Tris-HCl, boric acid, glycine %+ NaHCOs;E buffer® Ap-&3s}o] 23}
3k R-P66 1B.9] unfoldingg F &Gt 3-3-40). Unfolding & & ZE bufferdl] A
A3t 2, unfolded R-P662] %2 boric acid(100%; 8.84 ug/ul)2} NaHCO;(95%; 8.43
ug/ul) bufferol A =ko ™, Tris-HClI 2 glycine buffero] 4+= unfolded R-P66 &% & &
(86%)°] wtkth. HIE boric acidell Aol @il 8Fo] 7F4 =Xk boric acide] =43, A
2 F2HS 183te] NaHCO; AF&©] unfolding % refoldingol] A §st Aoz AAsAT A
ol A& NaHCO;= AFH7FE R AFEHE T49 NaHCO; E+= oFgh base® 1 & A3

AeRA, s B A7 A H A, A oF R EEAR ARG E AL Q)
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I.B. contents Unfolded protein PPT. after CFG.

120 100% - 1‘; 100% — Tris-HCl Boric-NaOH
100 ER 86% 86% ‘ Bui
s B 72% g 7 R
= B 6
g o £ i
2 a0 28% § , Glyclne -NaOH  NaHCO,
c e
£ el =T
g i e ——Q, ‘V’ﬁ! ﬁ.
& i : ;
0 o &

; l
0
Total F.D. Water Tris-HCI Boric-NaOH Glycine-NaOH NaHCO3
R-P66 I.B. from 30 L fermentation Unfolding buffer

19 3-3-40. R-P66 B4He 1% buffer A

(4) Unfolding & €] urea 717
71¥ 9] unfoding % refolding WS &3 2tk @O 1 g R-P66 LB.ol unfolding &< #
7F @ HAEYE 853 unfolding 5 NS refolding €43 &3 Q@ AL vl 7]1E9
refolding ®'H el HF urea %=+ 0.15 7~ 06 Mo, 1 Mo| Z3}3}l= urea 5=l A+ urea
of whld WA e 9d refolding®] F&EA =t} Refolding®] TP = A o,
unfolded TFH A <] o] W7l glom, &3 R-P66o =29 W3 w3t x| gf=1}.
Refolding X&)  HAHS=E ureas 1 M ©|8t2 Y= & Jdom, =3 refolding &9 &
Abgste] WAskE 5 B o FA(d, 5)F AL F vk ofF Flsh] @, 4 M
urea® 7}8-3}3 unfolded R-P66< 04 ~ 3 M urea’} H =% FAstvh 1y 3-3-41). F4
% unfolded R-P66< 4 M urea2] unfolded R-P66 tH] 99.6+4.8%<] wuldS {319 o
374 % 047~ 1M urea®l unfolded R-P662 1:20 34 refolding #4S AA 23.6£0.1% %
146£1.1%= &4 R-P66Z AT 3 7 4 M urea®l unfolded R-P66 Et} 04 ~ 1 M
urea®ll Al & &4 o] WSk A Ao YEF B urea %2(0.02 T 0.05 M)E
t}. Urea® v%7} =714 M urea unfolding® 1:4; 0.8 M urea; 11.4%
3 48) $row(04 T 1 M urea unfolding®] 1:20), urea®] @2 WA EX 3 Gl AR a)g s
] auto lysis 54°] S o=z A& & gomz X3 urea §%=(0.14 7 0.6 M; 20% ©]
A 3lFE )0l A9 refolding 27 &Hol R-P66 3|0l 23tk R-P662] 3580 7} =
S refolding 2742 4 M £+ 3 M urea®] unfolded R-P66< 1:10 ~ 20 A sl+= Aoz 3
=

QlE A} A 4 M ureaZRFE 04 M urea 7FA w@ilE wHAA o F

R-P665 A 43 urea &EolA refolding 3ttt R-P662 &= A4S | 23tAA Ao =
< IFER Ga ALl Jheske] 1:20 A ZE 71EY WHEY 523 R-P66 AAE el

o] 2 7ol
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Unfolding 4M unfolding 3M unfolding

7 —

6

5 ‘T & T 8

4

4 40 40

s 20 20

; 0 0

0 20 40 60 80 0 20 40 60 80
0
4 3 1 08 06 04

Residual protein (%,
3
Residual protein (%)
o
o

Refolding time (h) Refolding time (h)

Protein concentration (ug/ul)

Urea concentration (M) —e—1:04 —0—1:10 —&—1:20 —e—104 —A—110 —A—114 —A—120

0.4-1 M Urea Activity
08 M 04 M

e

14 = 1 M 0.6
12 20
10
15
8
6 10
4
> 5
0 0
1 08 06 04

104 110 1114 120 1:220

Total U

Residual protein after refolding (%)

Urea concentation Refolding method

719 3-3-41. Unfolded R-P662] urea #1741 2 refolding

0.4 M urea® #3F% unfolded R-P66S 12 ¥ =90 4C HBOoF oF 40% w@rwzo] &
HAqk o] 5 4 8] F=35}e] 4T 91%) == -80T(94%)oN A HaAstAY, 3 M o2 urea A
HZ ®3(101%) 2 FA 04 M ureaz A3k Agaof Gl 4ol gle AE g2l

i

Unfolding

[y
[}
o

o)

00
o

ey
o

Residual protein (%)
[on}
o

[
=1

[=]

0 2 4 6 8 10 12 14
Incubation time (day)

——3Mun —0—04Mun —E—04AMx4un —LO—0.4Mx4 un-80C

19 3-3-42. Unfolded R-P66 X3 745 W g2l

1 g R-P66 LB. W 120 ~ 130 mge R-P66 &2 unfolding & Ao 7}&313 4 9l
t}. Unfolding ¥ 7+ cell debris ¥ unknown ppt.:= {AEZ AAS 4= glon, AAE g
2 Z 53 unfolded R-P662 =2 BAEE H A Unfolded R-P66 W ureat™ 04 M= %
o] 7bsstH, o]# 3 urea T M 55 Z A refoldings 7FHeshAl slF7] wfitol, A&4

QA7 Faqo] Bastu

.
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. Refolding

OFO

(1) AFd¢ o3& LB. refolding

-

>

AL La= 343 R-P66 LB.Y qualitys stz &, +7F2 2E @(0.D.600nm
= 128 induction, | O0.D.600nm = 242)¢] R-P66 1B.9} H]ud}+= refoldingS 233ttt Al
Z 93 3 washing #AES AXA & unfolding &4 W 5% (w/ne g4 od R-P66
IB.+ refolding® =2 068 U/mLe R-P66(625 mg/L)o= 3= om HMxE I + 1%
Triton X-100 washing % buffer washing= 71 23 @ R-P66 LB.&= 062 U/mLe 52
mg/L E4% AHAT AE 7 Fo] R-P66 1B.9] washinge R-P66 1B. AA= 4
2 R-P66 LB. 3 £249 #-wdo] vl R-P66 LB. unfolding &9 YAEIE 54 cell
debris ¥ 7€} impurity= €A AAF AAH o2 1B. washing gl R-P66 1LB.& A3
refoldingo] A4t =&l FelatArh. SelstARE, Disk Bl A4dZe= 343 R-P66 1B.
unfolding &< oAl @iz gheko] vrope=d], o= AxE | ES] FAIZE 4T K] 9
$ Flow FRETHIY 3-3-43). o] %9 A2 F=2 30 L TF7]¢ R-P66 LB.(EF LB)E
Abg-ate] X8 akgl .

fr

Unfolding

0.5 ug 1.0 ug
M 1 2 3 4 1 2 3 4

Sample | Fermenation Cell disruption CFG Washing
1 3L {7HAME-2| with Triton X-100 (KOPRI) [ High speed (KOPRI) \ i e & B
2 0L with Triton X-100 (KRIBB) Tubular (KRIBB) N
3 500 L without Triton X-100 (KRIBB) [ Tubular (KRIBB) N
4 500 L without Triton X-100 (KRIBB) Disk (KRIBB) N

9 3-3-43. 2FY &g R-P66 LB. unfolding

(2) Refolding &% A& 5= 24

7129 unfolding % refolding A EZo X3tE+= cysteine?} cystine> R-P662]
disulfide bond”} refolding A ZA3 YHNAH FAHAHEE H7tHAdoy, F 542 2o
oxidizing % reducing agent: R-P669] refoldingol]l EW3l 7|55 3% 2okl Oxidizing 2
35 %3, NaClel #H7b=
refolding & <71l 9SS 1, 500 mM ©]49] CaClb< refolding &2 #HAaA7IE A

o] olx A}, TSk 05% o] Tween 202 refoldingS A5, pHE $]3%F buffer A&

rE

reducing agentZ A3+ refolding & LdF FAHEY &=
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o] %% refoldingel B&FS FA Ut 4 71A SR o]yd JEgFe the S F
71918k Ao w2 HAuEth: D NaCl: o] 28 R-P66 Al Al&3te] auto-lysisES A, @ CaCly:
R-P669] foldingel]l ZFHo=z #AAsta g4 EAste] Fa QxfolAvt 3 E3dt calciume
auto-lysisE 7}& 385t refolding &5 #FA&AFH, @ Tween 200 @z Fike] g3z
auto-lysis TS HAsE F oy A= HI7le= R-P66 foldings A 2EHo=

refolding &9 buffer, NaCl, Tween 20 % CaCl;i= R-P66 refoldingl Al &3 Ao 3

F& FE A&, Tween 20 R CaCle= H7F =5 A4 a7t sk
NacCl Glycine Tween 20 CaCl, 350
1 ™ 20mM 0.05% 20mM 300
2 oM 20mM 0.05% 20mM
3 oM 20mM 0.05% 100mM = 250
4 oM 20mM | 0.05% 200mM § 200
5 oM 20mM 0.05% 500mM T>:; 150 W Residual protein
6 oM 20mM 0.05% 1000mM 100 = Relative activity
7 oM 200mM 0.05% 20mM
8 oM 20mM 0.5% 20mM % II I I| I
9 oM 200mM 0.5% 20mM g 10 11
10 oM 200mM 0.5% 500mM Samplle
11 oM 200mM 0.5% 1000mM

1% 3-3-44. R-P66 refolding &<} W H7}&59 refolding 3

(3) Refolding buffer A=

ll

R-P66 AAHS 93t HA o buffers AHsSth Unfolding % refoldings Tris-HCI,
glycine, boric acid T+ NaHCOsol A4 2 &3l59S u refolding & o922 33, 38, 35 2
31%=2 SAHNSH, mg & AL o dAF=E AL E HE Foldd R-P66(100%, 13.5
U/mg) H]aLsle], Tris—HCI, glycine, boric acid B+ NaHCO; AF-& refoldingol A4 106, 78, 98
2 101% = FelE 2t Glycined ofn|x=Ato 2 A AR T A SHASARZE AFREHE T
F 2249 refoldings Aoz BalgAY G40 A4S JAsteE Ao Addn. & &
e 1188tH(100%=Tris-HCl), boric acid AF&°] R-P66 Aitel 7Hd F2skA 9k, boric

acid(181%) #2& =/l gl NaHCOs:E AH&-(128%)3k= Zlo] 7Hd A &3t Ae st
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200
180
160
140
120

100
80
60 = Residual protein (%)
40 @ Relative activity (%U/ma)
20 I I I ETotal U (
0
c)

Z \‘-
00 ; =>

3] N
o R

Value

P66 Sample

19 3-3-45. Refolding AF& buffer A®

NaHCO; AF& unfolding 2 refolding ¢lol%= t%3t refolding bufferE H AE 3T}
NaHCO3 A& unfolded R-P66< 20 mM<e] Z} buffer 7} refolding &4 &4 HAIS 7
Lotttk 7t bufferol A 9] refolding 2 ¥+ o2 Zth sodium phosphate, sodium hydrogen
carbonate % sodium sulfatex refolding &4¢ Ca”#¢ ®wrgo=m Fxo] WA trisodium
citrate, ammonium citrate % ammonium calcium citrate buffero] 4 = refolding®] %385 =
& S(residual protein = 109.8+3.6%). 5% ammnonium calcium citrate(22.25 mM ammonium
citrate+2.2 mM Caj citrate)S Z HI~E huffere} 7 AFE-3F refolding®l 4, sodium formate,
sodium acetate, sodium hydrogen carbonate ¥ sodium sulfate buffer A}-8-2 refolding®] %
g A ow, NaHCO; AHE refolding®] 3|5 ¥l thn] 103.3+11.3%°] 3|4 @ dS 7] 535}
o] refoldingel AF8% 4 A+ buffer2 F73FA Y. TR, sodium hydrogen carbonate<}t
sodium sulfate bufferi= CaCll <3 A TAo] fFrse S 2T Jart vk

Ammnonium calcium citrate® APG 0810% APG 1214 H]o| 4 AW & A et stA ALg35FH,

GenencorAl2] subtilisin®] Purafect®] <Fgo] &4 &= 537 JtH6). Purafect 44 S 4o+
alkanolamineborate(monoethanolamine borate, diethanolamine borate a8 a/Ee

triethanolamine borate)o] REAZA o|n] H7tE o] = A& 3183}, ammonium calcium

citrate, APG 0810 % APG 1214 2o 2+ =& a4 ASAE 74 T gl& 3L

b

FdE Tt AR, ammonium calcium citrated] A R-P662] refolding®] 7}&3}7]

buffer A& refolding® R EA A2 &8 71x7F U& Aoz it

R=

ofl, ©

_

16) Composite stabilizer for stabilizing protease in laundry detergent(CN109762671B), Eukig, =&, 2,
I, Az, H¥E—
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(4) HEA 1 EZE9 auto-lysis HA IF

719l Aqtell A Y3 R-P662] 4 <A TR OEZAL glycerol, propylene glycol,
4-fotmyl phenyl boronic acid, betaine, sucrose 5 °] 1t} Refolding €5 & 24A)3F &<t 4T
o Al W& refolded R-P66°IA HE 0-24%9] sucrose= FAa auto-lysis WA 77} §lA
ARk 25%  glycerol+25% propylene glycol(50% GPG)< auto-lysisE WA A THH
3-4-46). Refolding ¥ R-P66-> 24A17F 4T B3O = 855+7.8% @z 2 898+38% & &4
o] FESF= auto-lysis7F WHASHA W 50% GPG #H7F2 R-P66S 114.2+13.7% oz =

104.4+5.0%°] & 245 FA53A

140

N Protein
120 { | == Total U

100 - ]

80 -

Relativity (%)

60

40 -

20

Refolding 2t = o2 = 24h 2=z = 24h(+50% GPG)
R-P66

9 3-4-46. REA SH E-of| gt R-P669) auto-lysis WA &7}

R-P662] A< auto-lysisE WA = A+ 50% GPGE &4 refolding & 78k,
unfolded @A o] 2 Aol S48 ghz2o H3to] 5H9 refoldinge] &= A ¢kokc).

1% glycerol®} 5% propylene glycolS refolding & 7} AF-&3H refoldinge 7 8§ & %] 7t
auto-lysis AA E3E FIeA S ¢ o A8Ho=2 4 AT auto-lysis A
a7 A+ 50% GPGE refolding WH&-& SAstE Aoz duy =0, o]+ unfolded R-P66
9] foldingS ¢allxs= FH AHAAIN ES 27387 wiEoz o=HAct 1% glycerol+5%
propylene glycol® 50% GPG Atele] HAZ Fxo HEAZE refolding A FH7FsH4,

refolding ol A ¢] auto-lysisE J#|3tH Tl &4 R-P66S FHS = S Aoz FAod
(5) Refolding @
719 refolding W<l 1:20 3AHE R-P669 auto-lysis®: JAsE =& 89

refolding W ol x| ¢k, olel] uwie} Ay R-P66S 5 2 HEAl MH7be] §4 HHo] dao=
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gk ol5 st R-P66 HIE FHAstelw &4 HdEefof s, Ry E Hastsr] ¢
A= ureas A ABOFTE gttt 3 M urea®] unfolded R-P6691A19] urea A A= bufferg ©|

&3lo] FPE o™ spin typee] 30 kDa cut-off membrane= A% 04 ~ 1.5 M uread]
unfolded R-P66- °F 88.6+2.6%° @A 3¢&S HATHIH 3-3-47 7). 3% 04 ~
15 M urea®l unfolded R-P66< 1:20 refoldingatd, urea A7 A =eo uwz} @z =83 &
2ol vk o IFRIFHATHIIH 3-3-47 $74). 04 7 15 M ureal A 2] 1:20 2 1:19]
refolding €& 22118 % 17.7x0.7% 92", 3 M urea°l A2 1:20 refolding Z2¥4E 7|5
(100%)°e.2 0.4 ~ 1.5 M ureacl A9 1:20 & 1:1(=1:01)¢] F &2 90326 % 68.6+0.7%%
o} vk urea %22 unfolded R-P66°] tdk 1:1 refolding refolding &&3 &AolA F
HZ =4S Hegow o= Fig. 3-3-47 $-3F9 1:1Ca(x1)¥ 1:1Ca(x2) < 100(74.0+0.6%
g4) & 200 mM CaCl, F7F H7H758+1.4% & &)= FEH o2 FEHQTE HA R
unfolded R-P662] urea AA 2 A& refolding & 45 AHE3 a4 43S A2kt 96
A= 111 refolding® 04 ~ 1.5 M ureaol A9 1:20 refolding Atolol] A4S &S H-F3)oF
gkt

r

o

Protein 1:20

100
80
.
60 60
® Residual protein
40 40 = Relative activity
20 20
0 0
1.5M 3M 1.5M 04M
1:20
B 1:01
= 1:1+Ca(x1)
DO1:1+Ca(x2)

Unfolded sample Unfolded sample
15M M 0.4M

70
20 g
3 60
m1:20
m1:.01 ; a0
10 )
30
20
5
10
0
1.5M M 0.4M
Unfolded sample Unfolded sample

& = =
%)

o = (=]
ey

]

=]

Relative protein (%)
Value %

Residual protein (%)
=
&

Relative activity (%)
I
&

9 3-3-47. @& urea vX°A 2 refolding

Glycine, NaCl, Tween 20 % CaClLZ F7} #H7}3F refolding &%= AF&3F urea A|AH %

7z} % ureaol Aol 1:20 refolding®} 1:1 refolding2 A= FA3 &= FAS HAH(1H

_73_



3-3-48). H]= 3 M ureacl A 1:20 refolding= %83t standard(7.8 unit, 100% % &Ad)el H] 3|
ureas A A% EE refolding 67 ~ 85%9 F A &47F AAEHAAT 1 2L 04 M urea
o 51 9] 1:203} 1:1 refolding®] Ht &2 689+2.0 % 822+35% 2= refolding 314 &
of me} T4 IFE& Ao|7f HAEE EAE HAEA vk SHEAE, 1 R 04 M urea
29| urea A7 HGoNA AHEF CaCliz 20 B 65 mMeo|lem, ofo me &4 &4 Aol

g g% 5 ANk

Total activity

100

3
£ &
=
G
U g0
W
2 40
K
& 20

0

3M 1:20 1™ 1:20 ™ 1:1 04M 1:20 0.4M 1:1
P66 sample

29 3-3-48. Urea 3|4 &9 24 3 ZF urea 552 unfolded R-P662] refolding &4

3 M urea®] unfolded R-P66° st 1:20 3|4 refolding™ fAFeH &4 FAS HF3 A
5% urea ¥ %= refolding AAHS CaCly, #71 W3tz 7bsstgdct 94 A3y 28 spin

type cut-off membraned ©]&3 urea AAZ F53I 04 M urea®l unfolded R-P66E FHF
75 2 50 mM CaClo] #7Fd 1:1 2 1:0 refolding®l| AF&3FATH( 29 3-3-49). Refolding 374
of 7}%F sucrose stabilizeri= F% o]EH o= refoldingS JAR W, 04 M uread
unfolded R-P662 1:1 % 1:09] refolding®. & 3 M urea®] 1:20 refolding 49 °F 96 ~ 98%
2 90%e &4 Bkt

Relative

120
£ 100
>
Y
®
‘Q 60
S 40
©
5 20 I
o

0

120 120 120 3gk 101 1:00
50%S 100%S 50/5 so‘ys woovs
|5t
Sample

9 3-3-49. 0.4 M urea®l unfolded R-P662] 115 % refolding
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A Ane 2
CaCly H7Fe= urea AA #AGolA ddst 23 F5& Walddct. 942288 membraned +
= AA4E 1o Y =& g#HS F5389] unfolded R-P669] aggregations A7 om, ok
2 urea FE9A CaClye 1135 %9 unfolded R-P669] refoldingS %=3}¢] filter] W] AGAA
23S AT 18 39 unfolded R-P662 7183171 o129 unfolded R-P66 3] <=
EAS doArt olyst Ao HlFAdoR <3, 3 M uread unfolded R-P66°] tf 3k
1:20 refolding®@} Bl 22 urea % % 5 R-P66 AHS A A5 A7) o83
&

st om, A8 systemol] A= unfolded R-P66

(o,

AlR2] 8 cut-off membrane AFE 183 /EE urea AA £N4 Y

HO

t}. &4 slZ2S 98, TFF filter systemS %
9] aggregations WAEA &drvH 2™ 3-3-50). 04 M urea® unfolded R-P66 3]+&&
86%HF o, CaCl, #H7F %7 =555 refolding %71 Wity dAdo=z 1.0 2 1:1
refoldingS 4 ~ 5 AzF 2 3 7 5 AJ7F9] refolding A ZH7HA] 70 T 76%9] FE G A S wE
A FaAIFA o, o]F zhE i d k] A S5+ =y AT 27A 7 refolding 4= @A =
15 7 18%). 105 T+ 135 mM9] CaCl,s #7138k 1:1 refolding2 3 M urea unfolded R-662]
1:20 refolding?} 7Fg AR & &S YEFATH92 T 93%). $H| &A%, refolding 17A]7+9]
Z @A vk 27A17F refolding @4 A& k= wuld ool ulgl thA| g o w2 A FA
o 9o o= 1FE R-P662] auto-lysise] oz FEHt}h 53], 1.0 refolding 1:1
refolding?} refolding 27 A|Zboll Al FAFSH zbE Guldo] Ex|gd e Bsla, FUldo=z ¢

< 7F ok 1:0 2 1:1 refolding 24 ~ 30%

2
o RE wHA AUl @EsF ¥ Ao wu

|

fl

S HFsle] auto-lysisE 1y &

K}
i
@
<

urea unfolded R-662] 1:20
H717) o] Fojxof & o=

= I
T d= =4

Activity

refolding &3 A}, ©]% auto-lysisE WA T

86% Sample| Refolding Urea [

80 1 1:0 0.4M 44mM
1:0 0.4M 75mM
1.0 0.4M 105mM
1:1 0.2M 44mM
0.2M 75mM
121 0.2M 105mM
11 0.2M 135mM

No|u s w|s
-
i

Unfolding  30x 0| 4}
Sample

Sample B 17hRefolding M27h Refolding
100% Total U = Z2 1.8.2] S & 1:20 refolding 3 d refolding (ptn=25%)

120 1:0 Refolding 120 1:1 Refolding

4~5h Refolding

Residual protein (%)
o
3

Residual protein (%)

24~27%
15~17%

0 5 10 15 20 25 30
Refolding time (h) Refolding time (h)

—e—Sample1 —O—Sample? —M—Sample3 —e—sampled —O—Sample5 —M—Sample6 —O—Sample7

a9 3-3-50. TFF filter system< ©] &3+ urea #A|4 % refolding
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(6) Refolding @

1ol A3}el ‘Refolding @S glycine buffers o] &3 Zyggow R-P66 AAHS 93
buffer= NaHCO;= ZAA At} Glycinesd NaHCO3= A3 urea Al AA 2] AAA &l
s 04 M urea®l unfolded R-P66(x1 unfolded R-P66)S 353t 21, x1 unfolded R-P66
< 4} 55 (x4 unfolded R-P66)°] 7}s3d S F7F gdetdth (29 3-3-51). 3 MellA 04
M urea=9] 3 @A F&2 100% o]/dolAA T, x4 unfolded R-P669] 3]+&2 62 ~
70%3tt. 30 kDa ©]3te] @M AL 01 T 05%2 4" Ao R ulFo] 4u] FF9o e 34
&< membrane 2 ZH-H 9] 34 EAZE ot} Bufferets #HAgle]l TFF membrane S =5
&5 A ACF FF refolding HS dAsE AolH, 34+ glass fiber type filter
£3td A" o= FekErh

15

10

— 2d
I‘ | i) ] 5d
0 |

3M unfolding 0.4M unfolding 0.4M x4 unfolding

Protein concentration (ug/ul)

(6]

P66

719 3-3-51. NaHCOso A1 9] urea #A| A &8

x] unfolded R-P662 1:1 ~ 1:49] refolding°l A 16.8£0.6 unit® % A4S EHJt F7F
refolding &9 §lo] CaCl, A7twro 2 W33+ refolding(1:0 refolding)e 9 ~ 180 mM CaCl,
HA7F 2 5 d #go = refoldinge] k=AUt 9 7 549 72 7 180 mM CaCl, H7F -7
16.5£0.2 U/mg(15.2+0.6 total U)e} 18.8+0.5 U/mg(12.1£1.0 total U)¢ &S YEFHTE 1:0
refolding2 #2 9 mM CaCl7} #H7FEojoF 3}, 2F 75 mM CaClel A refolding %7}
AL Fostgrt. w3 1% w9 CaCl, H71= R-P669 auto-lysisZ 7F&3bstgdch 1:0
Refolding& 7]15¢] 1:20 thH] oF 21v] &= R-P66 A o g F8&3 7|«& Addr}. NaCl,

(il

=

Tween 20 % sucrose 5 1.0 refoldingdl F7} H7FEE auto-lysisE WA = glglon,
F%=9 NaHCO;:= refoldingS Wt Aoz gyt 1% =9 unfolded R-P66S AF
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TEST | Propylene ) APGO8 | Ammonium )
NO. dlycol Glycerol | Glucose | Sucrose | Betaine 10/1214 - CaCly Glycine | NaHCOs
1 16% 8% 100mM | 40mM | 60mM 10% 10mM 50mM oM 20mM
2 185% 12% oM 50mM | 90mM | 115% 25mM 50mM oM 20mM
3 135% 13% oM 50mM | 95mM % 25mM 50mM oM 20mM
4 185% 8.50% oM 50mM | 195mM % 17.5mM 50mM oM 20mM
5 10% 7% oM 50mM | 57mM 8% 17.5mM 50mM oM 20mM
6 15% 7% oM 70mM | 15mM 12% 10mM 50mM 30mM 20mM
7 15% 7% oM 70mM | 105mM 4% 10mM 50mM 30mM 20mM
8 5% 7% oM 50mM | 60mM 12% 30mM 50mM 20mM 20mM
9 10% 7% oM 30mM | 15mM 8% 30mM 50mM 20mM 20mM
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100 ug®l R-P66(40TC, 30 i+ H )& o] &ste] MaAs At E. coli gDNA FE3 w7k A =

e A% BTk BEHQ gDNA FZo| 7t
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Lane Enzyme | A260/A230 | A260/A280 (ﬁ;’;‘:b T(Et;)‘
1 No protease 1.48 2.176 592 29.6
2 800 ug PK 1533 2157 932 466
3 | 50 ug R-P66 1.61 2177 860 43
4 | 100ugR-P66 | 1288 2145 738 369

19 3-3-68. Mouse liver tissue®] W3t gDNA F=
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400 ule] wl=rA4F A&317] lysateo] 800 ug®l PK65TC, 45 &+ AHE)E H-E3sto] 1215 ug
gDNAE 5389 ov, 800 ~ 1,600 ugel R-P66(40C, 45 &+ Aol &l FF% gDNAT
49 T~ 52 ugelAt}. ol dMARFEAE HPYEA FS gDNA F=0Q5 ug) s =2 F
Z5olA Nk R-P662] A @ uHlEgt gDNA F&o] X &dv. =3 PKeF Hlushy
R-P66ell &gk gDNA F3&2 37 ~ 65T RE koA HEEA AS s

at

ol

Cone. Total
(ng/ul) (ug)

No protease 0.209 2 50 25

Lane Enzyme A260/A230(A260/A280

800 ug PK 1721 2056 222 1.1

800 ug R-P66 07 2.333 98 49

B lw | | =

1.6 mg R-P&6 0972 2.08 104 52

19 3-3-69. m=qt 42a17] lysate gDNA &

PKe} HliLE = R-PoG] 9% W E84 gDNA 2L Hoo) 9e] /s Aoz @

#Hrh: O R-P66°1 2] histoneo] A|thz Fal A %3, @ R-P6629 A4S A3st= buffer
ZA, dutxr o g DNA 2 RNA 3% Kit= cell resuspension & lysis ©@A A @t 2 B3] &
25 ARESIY, o] dAlY  FAES EDTA, Ad#EAAl, RNase(:E DNase) ¥

guanidine-HCl 2-& Z=gt ould $Ad 4 Fo] vk R-P662 EDTA buffer(Kit | A A Ab
€ X9 resuspension buffer; 134 mM EDTA, 10% Tris-HCl, 5% sodium lauryl ether
sulfate, 10% NaCDoll 9Ja] 30 ¥ oJol 50% oAl &4 TAS A3, Guanidine
buffer(Kit W] 2 A A& F %< resuspension buffer; 2.6 M guanidine-HCl, 20% sorbitan
oleate, 5% Tris—HCDel ¢J3] 1 & ool FAE iR EA3tEAcH(2d 3-3-70). A
7hAl gketEl Al Kito] resuspension buffer 74 E & R-P662] &Alo] #odlx] &= AL
Tris-HCl o]l o™, PKi= EDTA buffer @ Guanidine bufferoll 4] 60 # o] <H43FA o}
gDNA FZ&7359A #o]E& Holi= R-P663 PKi= 47|19 resuspension & lysis bufferel sk
AT HHE AoZ FoEH, R-P662] gDNA F& 949 2185 fdlAE R-Pe6oll A

B5H 0w Faso ),

<

3+ buffer A A+

Ll
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P66 (1ug) PK (1.3ug)

0.D.440nm
o o
w s
0.D.440nm
o o o
W o® o

—o—Tris —o—Tris
) 0.2 —A—EDTA 02 —a—EDTA
01 —e—Guanidine 01 —e—Guanidine

0 20 40 60 80 0 20 40 60 80

Treating time (min) Treating time (min)

EDTA : 134 mM EDTA, 10% Tris-HCl, 5% Sodium lauryl ether sulfate (SLES), 10% NaCl
Guanidine : 2.6 M Guanidine-HCIl, 20% Sorbitan oleate, 5% Tris-HCI

% 3-3-70. Kit 7+ &Hol g R-P663 PKe| S+

PKel &84S 133 66T £ 194 RNA FE52 dite] 2% EorAHAe] ZAE 2t
3 Qi) o] & A3 93, R-P66 48 mammalian =5 Alir AXE RNA F=& 35S
t}. Mouse mammalian A3l Trizol "l'F+¥€ % PK AF-§ HE+= HJAFE RNA Extraction KitE
A3 RNA F%& PK H+ R-P66 A& Fag A3E Uity SolstA %, PKE AHE
gk Viral RNA Extraction Kitell €8t mammalian A= thEe] gDNAZF A&%H A=, ol &
PKel ©]%F DNase w3l ¢ ZA3= 4zteth

Trizol Si2] RNA Extraction KIT (PK O|AFE KIT) =Ll Viral RNA Extraction KIT (PK A}E)

B I T ——

! +« 285 rRNA

--vuwpuvvi
« 185 rRNA

—--———-

g + 558 rRNA
.-

- « 285 rRNA
- - + 285 rRNA

L — 185 rRNA
Ll ~ 185 rRNA

« 55 IRNA « 55 IRNA

e
1
-
-
-
]
-
=

19 3-3-71. Mouse mammalian Al RNA 3%

Mammalian Al 2] RNA F%3} vz 7FA 2 E. coli A% t3F PKeF R-P662] Aol A
°] RNA F=& F=9z Zol& HolA Ut d 3-3-72). 4 gDNA F=ol A9k ol
KitE #7438t gtehEat R-P66°] 74 =¢e d+7F 283tk RNA F=F°] dojA PK=
7Fel™ DNase #3flo] w2 gDNA impurityE AAstsE @@ 2t 9ith. R-P669 +A4
o] AFE gs5stH, ArleldA LEE RNAE FET & U= R-P66Y A4 =5 99

ol 7ted o=z dAtEch

BN

>
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RT, 15 MIN

Proteinase K (ug) R-P66 (ug)
M 0 27555 0 27555 0 27555 0 27555

19 3-3-72. E. coli RNA +%

R-P66<% 283 gDNA & RNA FZoA A4S Adfsts 52 F syl EDTAC)
gk R-P66°] A WA sx=5 Flstdth(2d 3-3-73). R-P66 100 mM EDTA A2 =
Al 80%<] &4 Aol £AHH, £4" FA4L 100 mM CaCly o]dolA oF 50% &4 &
Aol FEFAe) AR FEE FAL dA FA FEow A= 100 mM EDTACNA
R-P66> 243 848 s = AL A8tk 0 7 50 mM EDTA Az 2% &4 HES

A B4 &2o] wAste] 15 mM ©]&te] EDTACIA R 70% o] %4
o EA FAHS FX& 4T A8 ow EDTAC s &4 @4o] £4% R-P66S CaCly
Foz gie AEgss & = glen, R-P66+EDTACNAM 2 &4 &4 FA] AFE Al 50
mM ©]&te] EDTAE AR&3oF atn, 4] & AREE 15 mM ©]3te] EDTA F% 2 A g o]
of gt} FuE 15 mMe EDTA] ¢&f &
3ol 100% 3)&E%+= AL sttt A9 gDNA =+ RNA FF Kite 100 mM ©] 49
EDTAZ A3 resuspension & lysis #}A o] A}&3a ¢lom R-P669 HE&4 F55 A3
o] ¥ F stue EDTAR o= #Addct did wAdA el EDTA 9 v5& x4dste
T4 A7 o] F o)A R-P66<S gDNA T+ RNA %0 2849 5 S Aot

-

¥ R-P66 100 mM CaCl, g wo® &4 &

(1/100) P66

EDTA Treating (4C, 3d)

1% Ca?* Treating
4°C,3dy 5 %0 15-mivi (4°C, 3 d)
# 60 15mM EDTA: 0~500 mM Ca?* ->
o 20 mM 100% &4
20 20mM EDTA: 0~500 mM Ca?* ->
0 0% g’d
120

0 20 40 €0 80 00 120 0 20 40 & & agh
Concentration of EDTA (mM) “‘ EDTA concentration (mM)
v
100 mM EDTA (FAl) -> ca?* 2| (FAl)

120

" 2
g8

Residual activity (%)
o
3

Residual activity (%)

100 mM EDTA (FAl) -> ca2 X 2| (4¢, 3d)
1

08

= g

£ z

Z 40 4°C, 3d Z 06

: 5

: ) .

v 20 3 02

510 il

T, ¢ coe0-0—0—90—@

o 100 200 300 400 500 600

0 100 200 300 400 500 600

Concentration of Cacl2 (mM) Concentration of CaCl2 (mM)

19 3-3-73. EDTAeC] 3 R-P66°] <73

e
>
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transport media®l resuspensiondt ¥~ viral RNA

M

2
i

5

el o COVID-19 #td Ao =w 7td e 33 A5 viral

Mo

% % qRT-PCR &4 Aoz o]Fof
t}. Viral RNA &2 93 dA9 Kite 235 =9 @i d WA 4 (guanidine-HC) 2} PKE XE
gretar 7] wiiteol, RNA AA|l #AE 52 AFHoF 3k, o= FAZI T2 bottleneck & =
A AX 3L dvH(Esbin et al, 2020). vlolej 2 2l Xwko] AEHAHE 98 Direct-to-Test” B

Mol ¥ QlaL, ol g AAY s WEFS dwMd WA ARE glo] AT EA
A7MFS E8AY YA o= vloly~E F&4oR Fste] RNA AA #A =
qRT-PCR #41H o] 7ftolt}. &%l nlo]gf~ ua&= 719 HE+= magnetic bead 52 &
st thgke 71715 28kE AAA @i RNAQ EhdA S7F T RNA 358 a9
GAdS zha gk dM AR gAY S EEE YHE dd HAAAE g0 E sstE g

SR A - wE COVID-19 Aol 4t Fa%%EE 005 7 1% Aotd AU ESR,
0.23% otAARAUESR, 70 T 90% ethanol, 50% isopropanol, 0.05 ~ 05% wlZ3FAsHsE,
05% IEslg2 0.26% FFobHEA = 0.12% TR 22 Eo|thn, o] & HFsle] B A
ol A& ethanols Hiolel~ T2 AAHste] AFE JDdAstATh PKeF R-P66 B+ 70%
ethanolol A <9+ A 3FHA o1} ethanols &4 WS Svl2 AL&31AS w PKe A4S oF 50%
F28kelal, R-P662 70% ol/de) &4d< HErlth(2® 3-3-74). webA, ethanols Hhol 22
HHEE ALY o R-P66S PK XUt} vlo]2]~ envelop protein @ RNA FH whulz E3jo

g Aoz HddEn. PKe gRT-PCR 4] HANAME HIAEE UdE F e 2424
B4 Aol A|lAEooF & AHom HAuHErh o]= PKE reverse transcriptase?t DNA
polymeraseo] w3t 3] Ay #AHA ZHAOE SDS-PAGEAA PKE ¢F 75 kDa¢ F
aRT-PCR &4F A2oA% Fallste sl &% 3dn. RT-PCR 2452 R-P66ol 93

17) 229 AP ASAEY A ASLS AT ARAA, B3y st F U n



No Boiling (All Enzyme = 3 ug)
kba M 1 2 3 4 5 6 7 8 9
51 <7 ~

g

136%

140 250 -
150 -
g 10 ) - 100 -
= 100% 100% 96% 75- —
£ 100
=
8 a0 72% 50-
£ 52% 37
S 60 % 4
B - ™
= 40
-
20 I 25- 3 )
o]

"!
70% EtOH 204 :
Buffer 1h A 2| 70% EtOH 1h A2 tOH.assay
15-

Treating condition

m Proteinase K ® R-P66 10%
Lane 1: Transcriptase (TS) 4°C, 30 min Lane 2: Ex Taq polymerase (Ex Taq) 4°C, 30 min
Lane 3: PK 4°C, 30 min Lane 4: R-P66 4°C, 30 min
Lane 5: R-P66 + 1mM EDTA 4°C, 30 min  Lane 6: TS + PK 30°C, 30 min
Lane 7: Ex Taq + PK 30°C, 30 min Lane 8: TS + R-P66 30°C, 30 min

Lane 9: Ex Taq + R-P66 30°C, 30 min
a9 3-3-74.
Ethanolell ¢]3F PK¢} R-P66°] <74 Wst 2 PKeF R-P669] qRT-PCR &4 &3l

Ethanol, 0.1 ~ 3 ug PK % 01 ~ 3 ug R-P66°] ¥3H Jejo 4 mouse total RNA2]
cDNAE #43 gRT-PCR& #gdte] WAt 719 =d4d3td PKY Ct #& 21.7=
positive control(Sample 1, D.W.)S} FAFSER AL, 2F 20 cyclefE FTZEH+= UHEES HAT
244% PKe ethanol> H7Fel wet Ct ghol S7Fske], qRT-PCR ¥h&oll F48% JaFs v
At R-P66S PK Bt} @& Ct 3t2 ® A9 positive control Ht} ©& =
E} Wit} Ethanol2 30 ~ 329 &2 Ct #g ¥3sle] SZ L Yol reverse transcriptaseb
DNA polymerase E5o] 94&S 71x+= Aow AddArt d45 cDNA agarose gelo] A 3
ug R-P662 7149 E&A o= EF3aL cDNA A o] o] Fojxx] g, ol R-P66°]
33k Caol 23 reverse transcriptased 7|5 AdlZ AHETH Reverse transcriptaset
DNA polymerase: 715 A4S 98 Mg* & &34, R-P662] Ca” ol 23 metal ©]-29]
4744 inhibitiono] WAF = Aoz AEM Ca¥s AHHoz Fohi= LY olEA 4

mM EGTAC] &% 3= &0 5 AT

Sample sample Tzt
1 DW 216
EXOH + DW (30%) 303

2
3 EtOH + DW (50%) 323
3 ELOH (70%) 359
5
6
7

PK 0.1ug + DW. 29.9 D.W. or EtOH
PKO0.2ug + DW. 304

PK 0.6ug + DW 330

PK 3ug + DW -
9 PK 3ug (boiling) + DW. 217 5
10 P66 0.1ug + DW. 283
11 P66 0.2ug + DW. 284
12 P66 0.6ug + DW. 285
13 P66 3ug + DW + 4 mM EGTA 306
14| P66 3ug (boiling) + DW 4 mM EGTA | 31.0

Cycle

Sample 1 Sample2 ——Sample3 Sampled

P66

DeltaRn

Cycle Cycle

Sample 5 —— Sample 6 ~sample 7 sample 8 9 10 1 Sample 12 Sample 13 Sample 14

% 3-3-75. PK =+ R-P66 EA&toll A 2] Two step aqRT-PCR
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cDNA 437 PCRE SAld FastE= Kitel BioLabs Luna® Universal One-Step
RT-gPCR KitE& AH83ted mouse total RNA®] GAPDH genes S%3t3ith ¢cDNA 3§74 3
PCRS EZ@zA o= 88 Axst npa7tA & 3 ugd R-P66 W Ca® ol 93] cDNA 34 ===
PCR AsfdAo] @A AA T 0.1 ~ 0.6 ugel R-P662 positive control¥ A3 21 ~ 22
Ct # o2 target genes #H=3IAT. &4 sty PKwo] positive control® AR 5%
2 Ho A B AlFo] Q3= one-Step qRT-PCRoll PKE &-8317]+= of
ZAo& Helth 01 7 02 ug® R-P66< one-Step qRT-PCRell AM& 73kl R-P66 Wl Ca™
o ©]3l reverse transcriptase®} DNA polymerase &4 A& &A= sjdscid, Ex10dS

9% LF e R-PE6 AHgol 7b5T Ao dua,

N}
lo

=
Lh)

At
o

D.W. or EtOH
Sample Sample caz|l TTETTTEE e e o
1 bW 21416 25 i We~ i
2 EtOH + DW (Final 12.6% EtOH) -
3 EtOH + DW (Final 20.9% EtOH) 2
4 EtOH (Final 29.4% EtOH) - is Nsisi==
5 PKO.lug + DW. 28278 c e i =
6 PK 0.2ug + DW. - s st
= PO, 6ug + DW = 5T T T 1T T /4 T T T | ey e - e
B PK 3ug + DW - o5 = s Fe
9 PK 3ug (boiling) + DW. 21437
10 P66 0.1ug + DW. 21418 0 —
11 P66 0.2ug + DW 21305 0 H 10 15 20 25 30 35 0 45 I i e
12 P66 0.6ug + DW. 22.099 A0 Cyel . Fus . ; =
13 P66 3ug + DW + 0.74 mM MgCly 23860 . T
14 P66 3ug (boiling) + DW + 1.47 mM MgCl | 29950 ——Ssample1l ——Sample2 sample 3 sample 4 S 8 = :
PK P66
25 25 cpiiic = = s2=ds
3 3 s - e
/ 10 1 12
1 15
« 3 /
£ 1 2 1 /
a a =
0s 05
o o __/—\_’——/ 13 14
0 5 10 15 20 25 30 35 40 as 0 5 10 15 20 25 30 E - 40 45
05 05
Cycle Cycle al RNA = 1ug AH2

Total
Total Volume = 34 uL One-Step RT-qPCR
——samples Sample 6 sample 7 Sample8  ——Sample 9 —— Sample 10 ——Sample 11 ——Sample 12 —— Sample 13 ——Sample 14

a9 3-3-76. PK == R-P66 E=A435lel A 2] One step gqRT-PCR
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A AAS A AR g 2 FRE AASE dudRg st A4 A4, 29 2
o @ OR&D, FW ARA, 817 AAA 5 FEe Bopld AEHE. 87 A5 A
o A grel we AAY AAelH BEEE Fones GMARHELS AL vuAR

iz AT e Aol Zrtsta 9t
G Y M9l Pseudoalteromonas arctica 212 A4 @ AR I A R-P66=> =
AAF oA Fas 7]Ee] AFE FI =2 HAAE 2 AAAHY FHS HF3 vlo] 4l

£
ARl Aol ¥ Atk R-P662] &3t 712 ARE FHE7] e & AANM= &
K

R-P66 AAHE 93 3 29 A=z AT HE 201 SHA} 2 9 A AE B E
Z7Aa ggoz 0D600nm = 42 E 1062 AFsE= 7z wE 2d9 AT gyt

O0D.600nm = 281 % 2429 AASA HJZ, 1 F A mAE 2g 2Ad x4

FstH R-P66 it O 571 F dS A= oidr.

R-P66°] AFA3tE 91 BEA 24 A9 433 A A subtilisin 4K H
ojxk NAHY 72 ARE FHIY FF AFE FIPT F Y= TAE FRIFJTE BT
proteinase K #< 17}o] AA & dozo Y +AE vASA Y. R-P66
o] oF 2 F A EAATG AAE EIe g A W9 =@y X & 5= R-P662
A A R el B Vs A AT SR B A4 5ae BE R AL &)

& Aot}

rd
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M 4 &2 Ajet=E2xE =M e 2 7| =
A 14 dA7EE I d7UE
L A7 AEe HAF 51
=4 AFAE T S Aegs FESE s AT Alxd" gy 2 28 A5
T 3= %9 Pseudoalteromonas acrtica PAMC 21727 3 A4 dldRHas
R-P662] -g&3to thak Abd 4]
2. A7 E B 2 &
TE | AT AR s AT AT
O LA MA}IF== al
Besh AR | o A dAe 34 Aag | O 00 BHET AL 300 L
=< "lg AMA} 1] fld
Ael 7 Ea a3 2E AL 2 refolding
o 30 = 37C 28¢ a4 E
Aes AeEh | o ALEr 483 BEA 2 - =
st oA 75% o]
HEA 9 A 7 _ _
F a2 A FA
o 7] E&(diagnostic kit
1APA = .
(2021) for the detection of the
infection of the virus) %
WA Balgh FgE HE o Proteinase K T+ subtilisin
Aega B8 o =& AlHA(cleansing S AT = 9= A EA
= solutions for medical use) A, FHAA e o5&
0l Abe v Belas 2| AHA 2 dusEg oo
& Hs 48 As
o o|F& A A(detergent for
clothes) #7F& ©@wd #
dqarh S8 HS

_96_



i

H
4 s : :
kY S S S
— — S
—
—~— ~, ~~
5%z | & § ¢
y _ = - 0 NS o o
e B 4 o M ® T
== o BT N
TK Gl <! W S e El
= R a o G N
XA o & o N 0 . <
@ Ny X = T Toez
PIL®6| 27X R
= TR g S go o TR
g 20| SNE |8 FETS
J_Uo ~ m UL o ™~ < P o“_o &o
) mO S 3 O_dﬂi W o UE )
=5 = R " o] IR - G Y
O
O O O O O O
03 o
| 8 =
LI = =
o
~_
%)
W 4 U
r o B o [ i
o oW e 3
;) - T ) 53 o 3
| B T aw
= | P < % i
<0 <0 o
C3
E N
T S
ol t
i ke
—_
X
—

_97_



El

el

H 5

=
.ZTI

N

7=

W& At Pseudoalteromonas arctica PAMC 217179 #
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2 7R 9 inclusion body?] EA|9} 28 refoldinge =& AA%e AAA AxF o

Agon R-P66 A
5ot 80% o]AHe] R-P66
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s
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H 6 & A1 et
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>
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Sl refoldingsl #AE W& %9 refolding B2 2 buffer, unfolding®] 224, we
refolding +& %°] o™, o] Alofst= dol Quality by Design =3¢l & 83,

online process analytical technology (PAT)S Z&soF 3= Zo] #|etd

AANA 744 AAA Gl AR FE A4 shtel Savinase®e pH 9.
ol ALES AASA Fonw, pHe 2=®ut oyl Sol AHGA A} 3w A o)A

St 3= 98] methionine, calcium binding site ¥ disulfied bond7} =¥ &4

ot
oi
lo
i
()
o
I
Y

Savinase®?] 25 ~ 5%<9] H]AA subtilisine] X3E AFoz 9 A FhAE
Savinase®L. Savinase®Ultra 2 Savinase®Evity®e] glom, 7+ AAAE= 10 ~ 50%

glycerol®?} 10 ~ 50% propylene glycol 2 1 ~ 10% sodium fomate©] 75 o] e

Savinase®Ultra 2 Savinase®Evity®¥ 1% 7| 9+e] alaninamide’} 7} X & ¥ o] glom,

Savinase®Ultral = 1 mM 4-formylphenyl boronic acid?} 37} 718t 45 <433t

Savinase®& Ayt B HoA 1 W o] 90% o]l &4 Aol 521} detergent U I
HE B30 2 16 7 &<k oF 40%9 a4 &40 &A%, detergent WollA <] 30T BH#AS

2 Savinase® ¥ Savinase®Ultra:= ¢F 70% 2 85%°] 284S 43

1Y Eade AFEG =e HAAS Folshd, 1Y SaA Aztel] AHEE= TiOxs
= o

Abgol FAFEA oW, N FaAdl F2= ARES = boron 4+ 3}

&
il
rlo
Ho
>
ks
rir
~N
oft
Ho
T
ot
o
c
=2
o)
p
S~
o
ofo
-
il
N
it

ol 7FE =2 Al A AE AlAlQl Tide: sodium borate?} FH7FE o] glom,

Novozymes+t boron AF&9¢] #|dtH A3 boron 7} A3 a4hAE v

DNA % viral RNA F&3 #d¥ AlFEL2 proteinase K &4 A5} #Aglo] HAARE

71 2.6-4.8 M guanidine-HCI, 100 mM °]/¢2¢] EDTA % 5% o]d9] ol AHEAdA
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st gler, COVID-19 Xek Apgel 234 &

il

A4l COVID-19 A2 virus AA Y 33 & FA] RT-gPCR o= 45T, o

= dall A A A -free kit == virusE = H R dist= 771E &L A+
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