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Summary

£. coll exprassion system is inexpensive and simple, but it is sometimes difficult to maintain the proper
structure of the protein or to refoid the protein from the inclusion body. Thersfore, in this protocol, we
will use recombinant proleins that are difficull fo exprass in the E. coli expression systern. This profocol
describes 8 method for mass expression of recombinant proteins that are difficull 1o exprass in the E.
colf expression system using human cell lines. The proteins obtained by this method are suilable naol

only for biochermical analysis but also for X-ray crystaliography and cryo-electron microscopy.

Equipment, instruments and reagents

Clean banch: For cell culture {(sach company)

incubator for cell culture (each company)

CO: cylinders {from each company)

15 cm cell culture dish {sach company)

Roiller bottle for cell culture {each company)

Incubator for roller botlle culiure {each company}

Tharmoslatic water bath: Used for waming culture medium lo 37.0°C {each company}
Steriie filter {sach company)

Cells: 2937 cells or 293 lineage cails Mainly for functional analysis and cryo-EM shuctural analysis
293806nTH-) cells Mainly for X-ray crystaliography {please inquire}

DMERM medium: 1.9 L {dish} or 7.5 L {roller battle} {sach company)

Fatal Cow Serum (FOS). 120 mi or 425 mi {(each company)

Sodium bicarbonate (NaHCOg) (7.5%): 100X {(each company}

Norvessential amine acids: used at 100X {(Nakalai, code: (8344-56)
Penicilin-streptomycin: used at 100X {Gibeo, code: 15140-163)

Polyethylensimine "Max™ {PE! MAX): used in 1 mg/ml aqueous solution {pH 7}
{Polyscisnces, code: 24765-1)
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For expression of selenomethionine derivative proteins:

L-gelenomethionine {30 mg/L) in DMEM without L~methionine and L-cysteine and L-cysteine (63 mg/L}
to DMEM without L-methionine and L-cysteins {each company)

10x PBS{-): 1 L min. Dilute 10x PBS{-}: 1 L min.

NaCi 80 g

KCi2g

KH2PO4 2 g

Na2HPO4-TH20 2186 g

Trypsin solution: Dissolve in PBS{-} to a final trypsin concentration of 0.1%. Add EDTA {o make the
final concentration 0.62%.

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

{The authors used a plasmid for protein expression with SV4Q ori, and at the same time, a plasmid for

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

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

- Using a 15 cm dish {Figure 1A} ~ Eventually increase to 33 15 ¢m dishes.

Day 1
Cell passaging (to 3 15 cm dishes)
Days 2-3
Cell cuiture
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: Phatograph of human cell
Cell culture {protein expression) expression system
Day 10 {A) Using & 15 em dish the cells are
cuftured at 37.0°C and 5.0% CO..

4 {B) Cells are cultured In 2 roller bottie |
2. autoclave dish at 37.6°C and 5.0% CO». ‘

1. protein collection

- if using roller bottles (Figure 1B} Eventually, increase to 15 roller bottles.

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

Cell cuiture
Day 4

Cell passaging {onto 15 cm dish)
Day &

Cell culture
Day 6

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

Cell culture
Day 2

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 bottie
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Experimental Dataiis

~ When using a 15 cm dish -
Day 1

Wash 2835GnTI(-) cells in 4 ml of PBS{~} in a 9 cm dish {0 near confluence (celis spread over the
entire surface of adhesion) and remove. After washing, 0.4 mi 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 2 mi of 10%
FCS DMEM to the dish containing the trypsin-ireated calls. Pipet the calls to loosen them. Pour 3 mi of
this call suspension per 15 cm dish and mix uniformily. The final mixture is divided into 3 dishes. Incubate
at 37.0°C, 5% COz in a cell culiure incubator.

Days 2-3
Cell culture. {untif cells are almost confiuent).

Day 4

First, warm 830 ml of 10% FCS DMEM to 37.0°C. Wash three 15 ocm dishes of nearly confluent cells
in PBS (-4 mi) per dish, Wash the cells with 4 mi of PBS(-) per dish, remove the calls, and then pael off
the cells by adding 0.8 ml of trypsin solution to each dish. Add 9 mi of 10% FCS DMEM {o each dish,
and loosen the cells by pipetting. Suspend the cell suspension in 830 mi of 10% FCS DMEM at 37.0°C.
Place cells In & new 15 cm dish. Place 33 new 18 cm dishes, each containing 25 ml of the cell
suspension in a cell culiure incubator at 37.0°C, 5% CO-

Day 5
Cell cuiture

Dayé

Cells are 80-80% confluent and fransfection is performed.

1. 75 mil of 0% FCS BMEM mixed with 1800 pg of plasmid

2. 75 mi of 0% FCS DMEM mixed with 5.4 ml {1 mg/mi) of PEI MAX
Mix 2 with 1 and wait for 20 minutes.
After 20 minutes, add to 900 mi of DMEM adjusted to a final concentration of 2% FCS  (transfection
solution: 1.05 L total). Next, remove alf of the medium from the dish in which the cells are growing. Pour
31 mi 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 exprassion 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 {protsin exprassion)
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Day 19

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

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

Day 1

Wash 90% confluent 2938GnTI(-} cells in 4 ml of PBS(-} in a 9 cm dish. Wash the cells with 4 ml of
PBS(-), remove them, add 0.4 mi of trypsin solution, and detach the celis. During this fime, the celis
were washed ohio three 15-cm disks with 10% FCS. Place 22 mi of 10% FCS DMEM in thres 15-cm
dighes with trypsin-treated celis. Pipet 9 mi of 10% FCS BMEM into the dish of trypsin-treated cells and
foosen the cells by pipetting. Pipet the celt suspension into a 15 cm dish. Pour 3 ml of the cell suspension
into each 15 cm dish and mix uniformiy. The final mixture will be divided into 3 disks. Incubate the cells
in a celt culture incubatar at 37.0°C, 5% COa.

Days 2-3
Cell culture

Day 4

First, warm 380 mi of 18% FCS DMEM to 37.0°C. Wash three 15 om dishes of 80% confluent cells
with 4 ml of PBS(-) per dish and remove cells. After washing and removing the cells, add 0.8 mi of
trypsin solution per dish and peel off the cells. Pipet @ mi of 10% FCS DMEM into each dish of trypsin-
treated cells and loosen the cells by pipetting. Suspend the cedf suspension in 388 mi of 10% FCS
DMEM at 37.0°C. Add 25 mi of DMEM per dish. Pour 15 disks of 25 mi per dish. Incubate in a cell cufture
incubator at 37.0°C, 5% CO-2.

Day §
Cell culture

Day 6

First, warm 3 L of 10% FCS DMEM 1o 37.0°C. Place 15 cm dish 15. One sheet of cells is almost
confluent. Transfer celis to roller botlies (850 cm? } {1 15 cm dish o 1 roller bottie). Wash each dish with
4 mi of PBS{-). Affer washing with 4 mi 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 mil of 10% FCS DMEM. Pipet the cells to
loosen thern. Suspend the cell suspension in 3 L of 10% FCS DMEM warmed o 37.0°C. {(We used three
1 L WAKI glass bottles and mixed 1 L of medium with five 15 cm dish volumes of cell suspansion for
passaging). Pour 15 rofler bottles of 200 mi sach info the medium. Pass COz through a 0.22-um filter

5
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directly into the bottie for about 5 seconds, cover with a lid, and seal the botiles with lids (Figura 2).
Incubate in a roller bottle incubator at 37.0°C. After pouring the cell suspansion into the roller botile,
transfer it immediately to the incubator. If the roiler bottle incubator can be filled with COz {COz s a
measure to minimize the pH change of the medium)}, the cells are transferred fo 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

Work was performed on a clean bench with a
0.22 um filter connected betwesn the tubes and a
Pasteur pipette attachad to the tip of the fitter. The

HOR Sfrie

- | Pasteur pipstte can be repiaced for each
experimant to prevent contamination. N2 is
applied for about 5 seconds at a pressure that
lighly depresses the surface of the culture

medium. mmediately 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 70-80% confluent. A microscope of the type that can fit between
the botlles will allow for more accurate confirmation.)
Prepare and transfect 7.5 botlles at a time, as it is time consuming.
1. 10G mi of 0% FCS DMEM mixed with 1.8 mg of plasmid (240 ug/roller bottie}
2. 100 mi of 0% FCS DMEM mixed with 5.4 mi {1 mg/mi) of PE! MAX (380 pg/rolfer bottle)
Prepare a mixture of 1 and 2, mix 2 info 1, and wait for 20 minutes.

After 20 minutes, add o 1700 ml of DMEM adjusted to a final concentration of 2% FCS {transfection
solution: total 1 mg/mi).(fransfection solution: 1.9 L total). Next, remove all mediur from the roller bottle
in which the cells are growing. Pour 250 ml of {ransfection solution inio each roller bottle. Then, directly
faed CO. through a §.22 pm filter for about § seconds using a Pasteurizer, and seal the botties 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 botties for transfection. After pouring the transfection solution into the roller
bottles, iransfer 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 my/L) are added to DMEM without L-methionine or L-cysteine at this stage. All other procedures are
the same.)}

Days 10-11
Cell cuiture (protein expression)

Seikagaku Corporation Exhibit 2045 - Page 6 of 18
Charles River Laboratories, Inc. v. Seikagaku Corporation

PGR2025-00023



Protein Science Society Archive, 1, €017 (2008)

Day 12

If the protein is expressed as a sacreted protein, collect the supernatant. Since we basically express
proteins in soluble form, we coliect target proteins from the supematant. 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 supematant, the cells are lysed with lysis
buffer. (For intraceliular proteins, we recommend using a dish because of the large cellular damage
caused by culturing in a roller bottle). Then, procaed to purification. The roller bottle used for cell culture
should be autociaved. Sterilize the rolier bottie used for celf 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: 150488).

Massive Expression of Proteins in Roller Bottles

Although new squipment investmeant is required, the use of roller boltles 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 cuiture mediam

The author uses Fujifiilm Wako's D-MEM ({high giucose) {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 fo keep the serum at 2% at the time of protein expression.

NaHCOs and nonessential aming acids are added to ksep the serum fo 2% during protein expression.
To 500 mi of DMEM, we added

§ mti of 100 x penicillin-sfreptomycin

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

5 mi of 7.5% NaM{O3 solution

5 mi of 100X nonessential amino acids

FCS concentrations {10% or 2%}

Polyethyleneiming "MAX" (Polyethylensimine MAX, PEI 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 exfremely
inexpensive reagent called polyethyteneimine "MAX" is used. The use of this reagent is inexpensive and
easy {0 use. This reagent is very inexpensive, and it is easy to perform mass expression of proteins in
cuitured human cells. The authors have developed a new reagent called "MAX", a polyethyleneimine
The authors use PEl MAX {code: 24765-1) manufactured by Polysciences. The amount of PEI MAX is
diluted ahout 1,000 fimes with water, so once purchased, the amount of PEl MAX s oo large o use
even if it takes a lifetime.

Seikagaku Corporation Exhibit 2045 - Page 8 of 18
Charles River Laboratories, Inc. v. Seikagaku Corporation
PGR2025-00023



Protein Science Society Archive, 1, €017 (2008)

Cultured human cells

The advantage of using human cells is that maost of the obtained proteins have the proper structure. in
our E. coli expression system, we form inclusions, solubttize them, and refold them. In the case of human
cells, however, it is possible o avoid the time and effort required for refolding. Such refolding conditions
and time can be omitied. 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 fo E. cofi. In addition, in the case of
glycoprofeins, glycans are often an inhibitor of crystallization. However, a homogeneous high man
{ManSGIcNAc2) glycoprotein can be oblained using HEK283S8 cells defiglent in N-
acstylglusosaminyltransferase | activity {(see Ref. §). The glycan chains can also be removed by EndoH
treatment.
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