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Establishment of CSF expression in arctic
Chlorella sp. via genetic transformation
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Summary

I[. Subject
Establishment of CSF expression in arctic Chlorella sp. via genetic transformation

II. Purpose
By establishing a transformation system for an arctic Chlorella sp., final 10 mg of
an immunization reinforcement protein colony stimuating factor (CSF) will be purified.

IM. Contents

- Transformation of Chlorella ArMO0029B isolated from Arctic sea ice is carried
out through methods of gene gun, PEG, electroporation and Agrobacterium
co—culture.

- Establish transformation methods and construct a high-efficiency expression
vector of CSF protein

- Establish the CSF protein expression system and identify its drug activity

- Design bioreactor for mass expression

As a method for carrying out the above study,

- High efficiency transformation method of two genes of CaMV355-GFP and ArM0029B-CrCFP
reporter genes are established by applying 4 kinds of transformation methods used in
Chiorella vulgaris KMCC-9 established in this laboratory.

- Separation of two light inducible genes and four nitrogen deficiency inducible genes
through RNA-Seq for high efficiency expression in ArMO029B.

- Cloning and expression vector construction of two kinds of promoters expected to be
highly utilizable among the four genes

- Transforming the above promoter—CSF and characterization of the phenotype
. Establishment of three lines through growth rate and protein expression quantification

- CSF activity study: Determination of potency through CSF protein purification and
leukemia cell growth study

- Bioreactor design: bubble-type total 5 liters or more



IV. Results
- Establishment of transformation for arctic Chlorella (ArM0029B).
— Optimization of CSF expression in Chlorella:
Isolation of promoters of two genes induced under nitrogen starvation
condition and construction of CSF expression vector controlled by two promoters.
- Transformation of arctic Chlorella using the CSF expression vectors and
obtainment of transgenic lines.
- CSF were successfully produced under nitrogen starvation condtion in the

transgenic lines.

V. Future plan for application of the result

Our results indicate that Chlorella can be used as a platform for pharmaceutical

production. Three applied patents derived from the results were transferred to a private
company, PhytoMab, with a value of approximately $80,000. PhytoMab, was

established to develop and commercialize the expression system in Chlorella.
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CAZBIndiRg ST ‘ @APbin:jai;gprs‘::;rter
_— |-<:
4 5 L;ﬁi:ﬂg‘)“ ,/,,,ff‘ﬂm NI promoter?
=
a9 11 AAE 200A fFise FAAAESY ¥d H4A4S B3 ZE2HEE 2T
zk= pSK398%7} pSK399<& A 2}st
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spectromoetry & ©] &3t NSAF$ EMPAI A &3t A& Hluste] Hop Evjaid F 3F

2 wEe e,

— Chlorella vulgaris®] Codon usage tables ©]-&3le I= FHAsle CSF FAAE 34

-

5
°o]5 NDII 2Z=ZEESst Ads 2d ¥y pSK401/4029F NDI2 Z=ZRE Sk A4F
pSK403/404 A =},

- AbgH CSF rdzbel Aaol A o] el AR AW p]KS136 WE ] CSF Fdx= S22

o] ;® AbE WMEsl Hwage w W ggol = Wold Ao o =5 IrHCAIL03). 1}
2+ Chlorella vulgaris® = HAsE CSF FHdAE FAAL(IHE 12), 2&<] NDI
T2 RES} oS BYE = @99 signal peptide$}t terminatorg ZEE WE 4% A
o

= .

4] 100 200 300 il St GO0
Relative Poszition of codons
cAl: 0.86

% 12. Chlorella vulgaris®] I= AERWEOE = HAsgsk CSFY HAst=

a_,

pSK401 pSK402 pSK403 pSK404

a9 13 A2AY FE

Z 2T E(NDI1, NDI2)o| 7= HH 3 CSF7F A4 ¥ CSFEd W
pSK401, 402, 403, 404°] WE W3} 747+ A gk A BamHIl/ Hindlll 3.




OFHE A2d"E o83 ArM29Be CSFEEAE

- A2k pSK3987} pSK399E ArM29Beol] A7 H-FH S o]&3slo] FAH3 st oy
o] et A4S Belate. w19 15949 o] AaABEANA 0
RT-PCRZ zAbaglon], 3date] wrado] =7 2713+ gelaryS.

() () NI N2

N1 N2 WT 2-1 2-2 2-3 2-4 2-5 3-1 3-2 3-3 34 3-5

CSF (2 300bp)

hph (Sf 300bp)

-

2% 14, pSK398¥ pSK399¢] =+ F =2}k 29Bel

0 day 2 day 3 day
N1 N2 _ N1 N2 N1 N2
#4 44 #8 #3 #9 #9 #10 #10

e #913 gDNA PCR.




O CSF 32 #3% ArM29B 34% ¥5 ¢ 971

)
- =E AH3L © CSFE FH3HE pSKA03, 40423 E] 247k Hx 3745 FAAeA
on WA G BAL AF g ABF.
N1(pSK403) _N2(pSK404)

WT 1 2 3 1 2 3 4

o

o)

CSF

1% 16. pSK403¥ pSK4045 A7deH e s JEdskd ArM29Be| CSF RT-PCR
- 19 169 CSF #dHx9 ArM29B 32 dshA zhz)

g Alee FEMANA TR & Aa
e FrehA &2 FEMARZ &7 87 ¢ WY & A A AxE Y.
A ools FEAGA SN CSF a4 &lsty] Asto], Chlorella Al oA FE€ ©
Wdg o]§3to] western blot st o™, 1 Ayt 7 170049} o] thzy (NC)9k 22 ]
= FAd@A N CSF @uido]l AEH 5. o Ayt Aady Al 2 ddA AN CSFo
Aol reds HolE

-
- .
- — -
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1: UTEX395-N1
- 2: UTEX395-N2
. 3:ArM29B-N1
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—

5: NC
6: PC (synthesized CSF in £Cof)
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AR e, o 25 19 17449 @01 Y27 (NC)sh &g o] & &
G do]l AEHAS. o] A= AAaAE A FEASTAANA CSF %“éol TrEEes B
r 1

T3k UTEX3950 4] Bt} ArM0029Bell A ¢ @ulz wtdo] i g&24 0= oy,

- ArM0029B-N12 N2 Z}<lo A Ay
I ES AR NA 7L Bt A
8w el A 5008 FEFA S )
= AAH, 7 el 2 3dAdd 7 B 4o CSF7F AEH. 29B-N19 4%, 24458 &
do] HEHA 394 M =A dERE. 12y CSFY 42 vl s
20B-N2 12 Xk 1945E wldo] HEs A 28 F431A S7H=7] Al&ste] 3Y
A A=A e, 283 Ak 2429 A=l &
3 EFAAS vER. = ZHE Y8 A A e =T A3 Ao g H
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2 A3t
29B-N1 29B-N2
M 1d 2d 3d 1d 2d 3d PC
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53 ==
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30 ==
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18 wn

a9 18 AaAFwA oA 35E CvNDIIY CvNDI2 Z2RE ] &) 2&d Fx% CSFE.

Aol whet wfAle o] Jof ARl dojumz G A oM o] wjFrIThE
T4 ZREH FEoRE AR ol& fldl 29B-N2 ZRels A el 1
A ZZF 3,5, 7, IYAI(C3, C5, C7, C11)o] =24} AXE 3Fdte] whalx
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HAAL AN
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2 125 s
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a9 19 Aol A e BTt 9t CSFe| 2 d

i

1o

-HAEZE A R EY CSFE EF dAE 27119 kDa)e] F # A %36 kDa)® A&% %
i ol CSF dWdEzte]l Fukgol o8] FAE oA wjFoz HY AME 4
(https://www.uniprot.org/) 23 12 A< o] & 57012 Al2=H el 7| 7F SAH (27 20A)
o] T 4709l F7]+= o33t Agtel Hojsh(y 20B). 2 47HA Al2HQl )= 1Sk

2
o

oo md

g Ao AEH I JtsAdS ojd AT Haly.

A

10 20 30 40 se
MAGPATQSPM KLMALQLLLW HSALWTVQEA TPLGPASSLP QSFLL EQ
60 70 80 % 100
VRKIQGDGAA LQEKLVSECA TYKLCHPEEL VLLGHSLGIP WAPLSSCPSQ
110 120 138 148 158
ALQLAGCLSQ LHSGLFLYQG LLQALEGISP ELGPTLDTLQ LOVADFATTI
160 170 180 190 200
WQQMEELGMA PALQPTQGAM PAFASAFQRR AGGVLVASHL QSFLEVSYRV

LRHLAQP

[Amine acid modifications

Glycosylation 166 O-linked (GalNAC...) threonine @ By similarity 1

19 20. CSFe] oprmat MR (A) ofv|mal Hdat AJ=H )L d7]e] 914 (B) o &
of Folst= Al&HSQ 7.
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- webA A E oA FeEjo] CSFo kA= e] 35S fjsh WS B3 CSFe 458
ool 2% 9 pH Aejel wep A 72 WSyt dojum o)y g wstd FxE JH dEe
AA &Ho] dojus 5SS 7HAA . gt $AHeR w589 E o]t pHE &%
208 AL 5895 pH 3, 4, 5, 6, 79 7 4ToA 2412 Al & HAEREHS 53
o Ay dRA Rl 352 ofwd pH oAM= BASHA o (1" 21A). HERE o A
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- F7HH o dude] 2 AMEE T AlRE & sucrose ¢ ol27|d, gl =FF
ElRle] H7te] o)t gyE FASIA O oln] FAE o|FAE ")r‘j*iﬂi ﬂiJ\]ﬂﬂﬂE X5}

e (2d 210). webA o3k A= ojv FAdH o]
olew< 7H7IM ol olFAY] 724 LS AvE + U+

A B C

M 1 2 3 4 5 PC M 1 2 3 PC M1 2 3 4 5 6 7 PC
125 125 % 125
93 - 93 o
2; e 72 .- 72
S
7 - * ¢ 57 -
57 42
42 -
2 < -ha - - -
31
L o-- e N 31 ..
31 - [ — ‘ ‘ - 24 -
1
24 - 8 . 132 e -
15 .- 15
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15 - Bh 8

2% 21 WA el A FEE o] FA CSFO @A =] 3|55 9g 2 AL (A) pH 1o w
£ immunoblot 2. (B) €42 * 4T wj%3s Al5<9] immunoblot 23}, (C) sucose®} oF27]
sl SR JA7F A3 1 NC(olw g A2 E kA &2 A2); 2, 50mM Arg + 26mM Glu
at 4C for 1 d; 3, 50 mM Arg + 25mM Glu at RT for 1 d; 4, 0.5 M Sucrose (pH 3.5) at 4T
for 1 d; 5, 0.5 M Sucrose (pH 3.5) at RT for 1 d; 6, 0.75 M Sucrose (pH 3.5) at 4C for 1d;
7, 0.75 M Sucrose (pH 3.5) at RT for 1d; PC, ¥4 % CSF.
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FE 7T FoF TS 5 e Abste] o @A F{ALES 2] 9130 =1s
AAEYS. = olA7AY & %(mixotroph) ZAM)S  Fujd FHA  FHG S
(heterotroph) 2311 huieF A MDoNA st o, 1 A3 hufjF oA AFA2 H
oF 2ol CSF e 23 S84 H/MH)NA dEAe A4S FAstA (28 22A).
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