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Summary

E. coli expression system is inexpensive and simple, but it is sometimes difficult to maintain the proper
structure of the protein or to refold the protein from the inclusion body. Therefore, in this protocol, we
will use recombinant proteins that are difficult to express in the E. coli expression system. This protocol
describes a method for mass expression of recombinant proteins that are difficult to express in the E.
coli expression system using human cell lines. The proteins obtained by this method are suitable not

only for biochemical analysis but also for X-ray crystallography and cryo-electron microscopy.

Equipment, instruments and reagents

Clean bench: For cell culture (each company)

incubator for cell culture (each company)

CO:z cylinders (from each company)

15 cm cell culture dish (each company)

Roller bottle for cell culture (each company)

Incubator for roller bottle culture (each company)

Thermostatic water bath: Used for warming culture medium to 37.0°C (each company)
Sterile filter (each company)

Cells: 293T cells or 293 lineage cells Mainly for functional analysis and cryo-EM structural analysis
293SGnTI(-) cells Mainly for X-ray crystallography (please inquire)

DMEM medium: 1.9 L (dish) or 7.5 L (roller bottle) (each company)

Fetal Cow Serum (FCS): 120 ml or 425 ml (each company)

Sodium bicarbonate (NaHCO3) (7.5%): 100X (each company)

Non-essential amino acids: used at 100X (Nakalai, code: 06344-56)
Penicillin-streptomycin: used at 100X (Gibco, code: 15140-163)

Polyethyleneimine "Max" (PEI MAX): used in 1 mg/ml aqueous solution (pH 7)
(Polysciences, code: 24765-1)
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For expression of selenomethionine derivative proteins:

L-selenomethionine (30 mg/L) in DMEM without L-methionine and L-cysteine and L-cysteine (63 mg/L)
to DMEM without L-methionine and L-cysteine (each company)

10x PBS(-): 1 L min. Dilute 10x PBS(-): 1 L min.

NaCl 80 g

KCl2g

KH2PO4 2 g

Na2HPO4-7H20 21.6 g

Trypsin solution: Dissolve in PBS(-) to a final trypsin concentration of 0.1%. Add EDTA to make the
final concentration 0.02%.

Plasmid vectors: those that can be expressed in human cultured cells (from various companies)

(The authors used a plasmid for protein expression with SV40 ori, and at the same time, a plasmid for

SV40 large T antigen expression plasmid in equal amounts to increase the yield of the target protein.)

Experimental Procedure
First, prepare a 9 cm dish of 10% FCS DMEM and 293 cell lines.

- Using a 15 cm dish (Figure 1A) — Eventually increase to 33 15 cm dishes.

Day 1

Cell passaging (to 3 15 cm dishes)
Days 2-3

Cell culture
Day 4

Cell passages (to 33 15 cm dishes)
Day 5

Cell culture
Day 6

1. Prepare 0% FCS DMEM.

2. transfection of plasmid

Days 7-9 Figure 1: Photograph of human cell
Cell culture (protein expression) expression system
Day 10 (A) Using a 15 cm dish the cells are

cultured at 37.0°C and 5.0% CO,.

. (B) Cells are cultured In a roller bottle
2. autoclave dish at 37.0°C and 5.0% CO».

1. protein collection

- If using roller bottles (Figure 1B) Eventually, increase to 15 roller bottles.

Day 1
Cell passaging (onto 3 15 cm dish sheets)
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Days 2-3

Cell culture
Day 4

Cell passaging (onto 15 cm dish)
Day 5

Cell culture
Day 6

Cell passages (to 15 roller bottles)
Days 7-8

Cell culture
Day 9

1. Prepare 0% FCS DMEM.

2. transfection of plasmid
Day 10-11

Cell culture. (Protein expression)
Day 12

1. protein collection

2. autoclave the roller bottle
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Experimental Detalls

=When using a 15 cm dish -
Day 1

Wash 293SGnTI(-) cells in 4 ml of PBS(-) in a © cm dish to near confluence (cells spread over the
entire surface of adhesion) and remove. After washing, 0.4 ml of trypsin solution is added and the cells
are peeled off. Meanwhile, pour 22 ml of 10% FCS DMEM into three 15 cm dishes. Add 9 ml of 10%
FCS DMEM to the dish containing the trypsin-treated cells. Pipet the cells to loosen them. Pour 3 ml of
this cell suspension per 15 cm dish and mix uniformly. The final mixture is divided into 3 dishes. Incubate

at 37.0°C, 5% CO: in a cell culture incubator.

Days 2-3

Cell culture. (until cells are almost confluent).

Day 4

First, warm 830 ml of 10% FCS DMEM to 37.0°C. Wash three 15 cm dishes of nearly confluent cells
in PBS (-4 ml) per dish. Wash the cells with 4 ml of PBS(-) per dish, remove the cells, and then peel off
the cells by adding 0.8 ml of trypsin solution to each dish. Add 9 ml of 10% FCS DMEM to each dish,
and loosen the cells by pipetting. Suspend the cell suspension in 830 ml of 10% FCS DMEM at 37.0°C.
Place cells in a new 15 cm dish. Place 33 new 15 cm dishes, each containing 25 ml of the cell
suspension in a cell culture incubator at 37.0°C, 5% COa.

Day 5

Cell culture

Day 6

Cells are 80-90% confluent and transfection is performed.

1. 75 ml of 0% FCS DMEM mixed with 1800 ug of plasmid

2. 75 ml of 0% FCS DMEM mixed with 5.4 ml (1 mg/ml) of PEl MAX
Mix 2 with 1 and wait for 20 minutes.
After 20 minutes, add to 900 ml of DMEM adjusted to a final concentration of 2% FCS (transfection
solution: 1.05 L total). Next, remove all of the medium from the dish in which the cells are growing. Pour
31 ml of transfection solution into each dish. This is then placed in a cell culture incubator at 37.0°C, 5%
CO2
(In the case of expression of selenomethionine derivative proteins, L-selenomethionine (30 mg/L) and
L-cysteine (63 mg/L) are added to DMEM without L-methionine or L-cysteine.
(All other procedures are the same.)

Days 7-9
Cell culture (protein expression)
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Day 10

If expressed as a secreted protein, the supernatant is collected. We basically express proteins in soluble
form, so we collect the target proteins from the supernatant. In the case of intracellular proteins, the
medium is removed, washed with PBS(-), and the cells are peeled off with a cell scraper. The cells are
then suspended in PBS(-) and centrifuged (4°C, 200 x g, 5 min). Remove the supernatant, and dissolve
the cells in cell lysis buffer. (In the case of intracellular proteins, the incubation period during protein
expression should be kept to about 2 days because of the high degree of damage). Then, proceed to
purification. Sterilize the dishes used for cell culture by autoclaving and discard. Autoclave the dishes
used for cell culture and discard.

- When using a roller bottle (surface area 850 cm?)

Day 1

Wash 90% confluent 293SGnTI(-) cells in 4 ml of PBS(-) in a 9 cm dish. Wash the cells with 4 ml of
PBS(-), remove them, add 0.4 ml of trypsin solution, and detach the cells. During this time, the cells
were washed onto three 15-cm disks with 10% FCS. Place 22 ml of 10% FCS DMEM in three 15-cm
dishes with trypsin-treated cells. Pipet 9 ml of 10% FCS DMEM into the dish of trypsin-treated cells and
loosen the cells by pipetting. Pipet the cell suspension into a 15 cm dish. Pour 3 ml of the cell suspension
into each 15 cm dish and mix uniformly. The final mixture will be divided into 3 disks. Incubate the cells
in a cell culture incubator at 37.0°C, 5% COs2.

Days 2-3

Cell culture

Day 4

First, warm 380 ml of 10% FCS DMEM to 37.0°C. Wash three 15 cm dishes of 90% confluent cells
with 4 ml of PBS(-) per dish and remove cells. After washing and removing the cells, add 0.8 ml of
trypsin solution per dish and peel off the cells. Pipet 9 ml of 10% FCS DMEM into each dish of trypsin-
treated cells and loosen the cells by pipetting. Suspend the cell suspension in 380 ml of 10% FCS
DMEM at 37.0°C. Add 25 ml of DMEM per dish. Pour 15 disks of 25 ml per dish. Incubate in a cell culture
incubator at 37.0°C, 5% CO..

Day 5
Cell culture

Day 6

First, warm 3 L of 10% FCS DMEM to 37.0°C. Place 15 cm dish 15. One sheet of cells is almost
confluent. Transfer cells to roller bottles (850 cm? ) (1 15 cm dish to 1 roller bottle). Wash each dish with
4 ml of PBS(-). After washing with 4 ml of PBS(-) per dish and removing the cells, add 0.8 ml of trypsin
solution per dish. In each dish of trypsin-treated cells, inject 9 ml of 10% FCS DMEM. Pipet the cells to
loosen them. Suspend the cell suspension in 3 L of 10% FCS DMEM warmed to 37.0°C. (We used three
1 L IWAKI glass bottles and mixed 1 L of medium with five 15 cm dish volumes of cell suspension for
passaging). Pour 15 roller bottles of 200 ml each into the medium. Pass CO2 through a 0.22-pm filter

5
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directly into the bottle for about 5 seconds, cover with a lid, and seal the bottles with lids (Figure 2).
Incubate in a roller bottle incubator at 37.0°C. After pouring the cell suspension into the roller bottle,
transfer it immediately to the incubator. If the roller bottle incubator can be filled with CO2 (CO2 is a
measure to minimize the pH change of the medium), the cells are transferred to the incubator
immediately. If COz can be filled in the roller bottle incubator, it is not necessary to fill the roller bottle
directly with COz2).

Figure 2: Filling a roller bottle with N2

AT = ER Y b
- Work was performed on a clean bench with a

0.22 pm filter connected between the tubes and a

0.22um7 4 & — Pasteur pipette attached to the tip of the filter. The
% Pasteur pipette can be replaced for each
experiment to prevent contamination. N2 is
applied for about 5 seconds at a pressure that

. A / lightly depresses the surface of the culture

medium. Immediately seal with the lid.

Days 7-8
Cell culture

Day 9
Cells are 70-80% confluent and ready for transfection.

(Cell growth is checked visually until 70-90% confluent. A microscope of the type that can fit between
the bottles will allow for more accurate confirmation.)

Prepare and transfect 7.5 bottles at a time, as it is time consuming.

1. 100 ml of 0% FCS DMEM mixed with 1.8 mg of plasmid (240 ug/roller bottle)
2. 100 ml of 0% FCS DMEM mixed with 5.4 ml (1 mg/ml) of PEI MAX (360 pg/roller bottle)

Prepare a mixture of 1 and 2, mix 2 into 1, and wait for 20 minutes.

After 20 minutes, add to 1700 ml of DMEM adjusted to a final concentration of 2% FCS (transfection
solution: total 1 mg/ml).(transfection solution: 1.9 L total). Next, remove all medium from the roller bottle
in which the cells are growing. Pour 250 ml of transfection solution into each roller bottle. Then, directly
feed CO: through a 0.22 um filter for about 5 seconds using a Pasteurizer, and seal the bottles with lids.
Incubate in a roller bottle incubator at 37.0 °C. This is done in two sets.

Repeat for a total of 15 roller bottles for transfection. After pouring the transfection solution into the roller
bottles, transfer immediately to an incubator (37.0°C, 0.5 rpm).

(For expression of selenomethionine derivative proteins, L-selenomethionine (30 mg/L) and L-cysteine
(63 mg/L) are added to DMEM without L-methionine or L-cysteine at this stage. All other procedures are
the same.)

Days 10-11
Cell culture (protein expression)
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Day 12

If the protein is expressed as a secreted protein, collect the supernatant. Since we basically express
proteins in soluble form, we collect target proteins from the supernatant. In the case of intracellular
proteins, the medium is removed, washed with PBS(-). After washing with PBS(-), the cells are detached
by gently swishing a bottle of PBS(-) containing 0.02% EDTA. The cell suspension is collected by
centrifugation (4°C, 200 x g, 5 min), and after removing the supernatant, the cells are lysed with lysis
buffer. (For intracellular proteins, we recommend using a dish because of the large cellular damage
caused by culturing in a roller bottle). Then, proceed to purification. The roller bottle used for cell culture
should be autoclaved. Sterilize the roller bottle used for cell culture by autoclaving and discard.
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Devices and Tips

Massive Expression of Proteins Using Dishes

Since many laboratories are now equipped with cell culture facilities, this method can be introduced
immediately by using dishes. The method can be introduced immediately without any investment in
new facilities. The dish is NUNC's 15 cm dish (code: 150468).

Masslve Expresslon of Protelns In Roller Bottles

Although new equipment investment is required, the use of roller bottles can be used to increase the
size of the expression system. The use of roller bottles allows for an increase in the area of cell culture
in a limited space. The roller bottle is a CORNING bottle with a content of 2 L and a surface area of
850 cm2 (code: 430849).

Cell culture medium

The author uses Fujifilm Wako's D-MEM (high glucose) (L-glutamine, phenol red, and pyruvate) as
DMEM for cell culture(containing L-glutamine, phenol red, and sodium pyruvate) (code: 043-30085).
The cells were energized prior to transfection. In addition, we wanted to keep the cells in a healthy
state prior to transfection and to keep the serum at 2% at the time of protein expression.

NaHCOs; and nonessential amino acids are added to keep the serum to 2% during protein expression.
To 500 ml of DMEM, we added

5 ml of 100 x penicillin-streptomycin

(not added to the 2% FCS-containing DMEM used during transfection)

5 ml of 7.5% NaHCOQO3 solution

5 ml of 100X nonessential amino acids

FCS concentrations (10% or 2%)

Polyethyleneimine "MAX" (Polyethyleneimine MAX, PEl MAX)

Generally, very expensive transfection reagents are used for transfection of plasmids into human cells.
However, the use of such reagents is very expensive. In this experimental system, an extremely
inexpensive reagent called polyethyleneimine "MAX" is used. The use of this reagent is inexpensive and
easy to use. This reagent is very inexpensive, and it is easy to perform mass expression of proteins in
cultured human cells. The authors have developed a new reagent called "MAX", a polyethyleneimine
The authors use PEI MAX (code: 24765-1) manufactured by Polysciences. The amount of PEI MAX is
diluted about 1,000 times with water, so once purchased, the amount of PEI MAX is too large to use

even if it takes a lifetime.
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Cultured human cells

The advantage of using human cells is that most of the obtained proteins have the proper structure. In
our E. coli expression system, we form inclusions, solubilize them, and refold them. In the case of human
cells, however, it is possible to avoid the time and effort required for refolding. Such refolding conditions
and time can be omitted. However, the disadvantages of this method are that it requires more days for
the process, the yield is lower, and the cost is very high compared to E. coli. In addition, in the case of
glycoproteins, glycans are often an inhibitor of crystallization. However, a homogeneous high man
(Man5GIcNAc2) glycoprotein can be obtained using HEK293S cells deficient in N-
acetylglucosaminyltransferase | activity (see Ref. 5). The glycan chains can also be removed by EndoH

treatment.
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9. 3L O 10% FCS DMEM %
37.0CICEDHZ, 15 ecmTarvy¥alb
WOMBEMNFEF AV IV MR- T
Wa0T, O—7—RKk)L (850 cm?)
N ERARTD (15ecmTrvyya ]
WEO—Z—MRMIL 1 AABRKTZE
[Z#3) » 1D PBS(H) 4 ml Tk
W, BRDBRWERER, 8T v adieb
MU 7YY ER0.8 miEMZEE RN
T, hUTSIMEELEORT . B SRS CEE
v 2alc 10% FCS DMEM % 9 mIJE Lew i’ ) o nusmomn, F2—J0mic 022 um
E. ERYTFA VT THIRZIECT. & (07409 —E2R0WTERICIE/SAY—ILERY R EED
DRSS KA 37.0CICESH 3 L @ HHTW3, SRR EI/RY—LERY NERFEZA
10% FCS DMEM e BB = 12 (3hk (g (E1Y7 SEWBS 5. BERENE MOBEOENTN, &

L . S5MFEREL. I<CILTIYELTERT %,

TLDIWAKIDHZADNNIL 3 X%
BELT, TLoEMIC 15em Ty ¥a
5 Mo OMigEERZ R TRMELTWS) o EO—F—/RMILYD 200mlI T2, 15
BES, 2IN022 um 74059 —%BLF CO,E/XAY—)LTEE 5 MFEEDA
H. 7IEUTCERTE (M 2) , Ih%E 37.0COO0—7—R MLAEBKANTEEY
%, A—7—RMUCHBEBEREZ EFVERIE, BONEEEAEET,

(CO, DFRIE /D pH b Z /NS < T BHDE/E T, O—F—RMNUIEBEBENIC
CONTETEZEHIF. O—F—RMNILRNICERE CO,Z7RET 2 HEIFHEL)

% 7-8 HE
eSS

£ 9HH
RN 70-80% AV 7ILI Y MTH>TWBD T, NSVYR T2 avD#EEET
5 (MlEoEEESIEEHRT, BANRELED, 70-90% 3> 7)ITY b, O—F—
MRNILEBICEED 251 TOBEHBENSHNILL D IERICHERTES) ©
RENINDDT, 75X ITDERELTNSI VRT3 0T %,
1. 0% FCS DMEM 100 mliIC 75 X2 R 1.8 mg #BEHD (240 ug/A—>—
RRIL 1 AE)
2. 0% FCS DMEM 100 ml i PEI MAX 54 ml (1 mg/ml) #EE€7=H6D (360 u
g/A—Z—MRKMIL 1K)
ZHEAEL. 2% 1 |[TRE, 20 9D,

20 P&, FCS ORKEEN 2%ICR B L SICHEZEL DMEM 1700 mliciiz 3 (k
SVURT7IOIavEAR A 19 L) . RIT. HEEAE-> TWBAO—F—RMILHSEE
WEETHKR<S, ZORO—F—RIIICNSYRT7 2923 VERE 250 ml 323 <,
FIAN022 um 74T —%BUT CO,%E/SRY — )L CERE 5 FEEDAM T
ZUTERAT 3, chix 37.0C0o0—5—R N LBSEENTEET %, chzE 2ty
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MgDhiRULT, 51 15 KoO0—F—RMILIChS YR 7293 %75, O—F—R b
WIENS YR T7 2023 VBREEVERIGEPHCESE (37.0°C. 0.5 rpm) A&
#®9,
(BL/AFAZVFEREHEERIRIELZEREF. COBRET L-XFAZY, -V
ATAYDA>TWEW DMEM (IZ L-EL/ XFA =Y (30 mg/L) & L-YRF1 YV
(63 mg/L) EINAEEMEES, ZOMDIEEIRARTH S, )

$£10-11 HH
fHpEs (EAEHRER)

$£ 12 HE

TWEABEUVUTHRREIELEAEFLEEZEN, BAFERANICTREIIC L TRIRSE
TWADOTLEBISBMNERE.2RINYT 20, MIENEHEDSS. EhZERE. PBS(H
T T, 0.02% EDTA AD® PBS(-) Z AN MILEELS > THiEZFENT,
ZOMEBEREED (4C. 200 x g. 5 min) LTES., LBEEEDERVEICHE
BNy 77 —TEANT MBENEHEDES. O—>—RMNILOEERE EMHIEOY X —
IUDNKEVWDTT 4 v aZBAWCHEZREINT D) . TDH., BEA, MIEEEICfE
sfeO—S—MRbMLiEA—r 7L —TIC LD BENIEATVWETS,
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Ike&aV

FTaA4vYaERAWEREOKERE

RERZ OMREICHIBEBEDO O DRBENE > TWDDT, T a4 v a&EZILH
e RRBEIREIDERVWDOTI CICARAEEEATES, T4V ¥aldNUNC®D 15 cm
T4 w¥a (code: 150468) #fF->TW3,

O—5—RMlick3BHEOKEHRER

MICRBRBERENMDEICR > TS B HERRZERE UIcwWeER@O—-5—RhLZE
W2 Z & TRONICANR—ATHEEEEZ AT 5 & NHE S, O—F—RhL
(& CORNING DA E 2 L REE 850cm* Db D= EAL TW2 (code : 430849) ,

0 B 5 22 F I 3t
EEIMIEESICES DMEM FELX 77 ILLAMYXD D-MEM (&4 /L0d—X) (-7
WEZZEy, 72z/—=)ILLy R, EILEVEEFMY T LER) (code: 043-30085) %
FERLTWS, E£fe. PSR 77y aVHllciilEzs TRAREICRE WS &EPEH
BRIBFICMEZ 2%ICHNZ 20T NaHCO, WYIENEBET I /BEHRIML TW3,
DMEM 500 ml XL T,
100xR=ZY Yy « ANLTIRYA VY 5ml
(SR 79 avBBERD 2% FCS &8 DMEM [CiEmZ W)
7.5% NaHCO, K& 5 ml
100X JEMZEF = /B 5 ml
FCS&EEE (10%+ 2%)

RUYIFLYALZY “MAX" (Polyethlenimine MAX, PEI MAX)

—RICE MIBBAND TSR RO VYR T7 7Y aVICGEEICSMB NSV 7 1
72 aVREMEDLNTVWED, ZOLSBHAEEZEDS EERGIAANIINDZDT, &K
KERTRIBES TLMBRRYIFL YA I “MAX” EVWSREEEF>TWD, ThEfE
SZETRMIT, ZLT. BEICE MEEHRTOEREORERFAZITS> I ENEXRD
&3 Ichro T, EESIE Polysciences #£8®M PEI MAX (code : 24765-1) %{#E->TW
%, #1000 BICKTHERUTESDT—EBATIE—EDD > THEVWENLAWEE
DENH %,

b NS

ENAREZEES XYy MIBOSNZ2EABO RIS N EYGEEEFR> TWDETH D
BARIKBERRERTEHAGREZER S ELBICTALL. TnNEV 74— T1 20T
BEVWDIHEEESTWVWED, E MEBEBDBEEZS UIcY 74 —ILT 1 VT DERERETP
BEZEL ZENEERZ, L. RBRICHAEETRICHEEZET 5, IEHIEL.
JRARDFEBICHDDENDITRXY Y hNEH D, £, BYVIVEDES. UIKUILE
EIMERCOBEEERICHR D, LML, 293SGnTI(-) #iBE (N-acetylglucosaminyltran
sferase | EMEZ RIS ¥ HEK293S ffifg. XMk 5 2R) ZzHWNhIL, H—RN\1T >
/=28 (Man,GIcNAc,) DEEAEAEB2 I LM HE. S5IC EndoH MIBIC L D#E
HERET DI EBHEFED,
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