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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) 

CO2 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 

293SGnTl(-) 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. 

NaCI 80 g 

KCI 2 g 

KH2PO4 2 g 

Na2HPO4-7H2O 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 plasm id 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 

Cell culture (protein expression) 

Day 10 

1. protein collection 

2. autoclave dish 

Figure 1: Photograph of human cell 

expression system 

(A) Using a 15 cm dish the cells are 

cultured at 37.0°C and 5.0% CO2. 

(B) Cells are cultured In a roller bottle 

at 37.0°C and 5.0% CO2. 

- 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 Details 

- When using a 15 cm dish -

Day 1 

Wash 293SGnTl(-) cells in 4 ml of PBS(-) in a 9 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% CO2 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% CO2. 

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 pg of plasmid 

2. 75 ml of 0% FCS DMEM mixed with 5.4 ml (1 mg/ml) of PEI 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 supematant, 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 cm2) 

Day 1 

Wash 90% confluent 293SGnTl(-) 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% CO2. 

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% CO2. 

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 cm2 ) (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 
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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 CO2 can be filled in the roller bottle incubator, it is not necessary to fill the roller bottle 

directly with CO2). 

0.22µm74/1"$'-- 
---

Days 7-8 

Cell culture 

Figure 2: Filling a roller bottle with N2 

Work was performed on a clean bench with a 

0.22 pm filter connected between the tubes and a 

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 

lightly depresses the surface of the culture 

medium. Immediately seal with the lid. 

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 pg/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 CO2 through a 0.22 pm 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). 

Massive Expression of Proteins 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. 

NaHCO3 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% NaHCO3 solution 

5 ml of 100X nonessential amino acids 

FCS concentrations (10% or 2%) 

Polyethyleneimine "MAX" (Polyethyleneimine 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 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 I activity (see Ref. 5). The glycan chains can also be removed by EndoH 

treatment. 
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‘Y. atE 10% FCS DMEM 9 ml T- r > <'V-'0
03IIHNS'AR 37.0°Cto- 2,931t. 380 ml oo 10% FCS DMEM t l± A-524 'V 
a 25 ml T-D, 15 tZt Ks. 37.0°C, 5% CCVAIIIVigNIEH-(.%$.af-

-174,,I -0-60
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3 L 0) 10% FCS DMEM 
37.0°C  15 cm • a 15 
VoAl&IPNfftga>7)IJI> tr_ts,-D
l,\ZO)Ts, —ts HI. (850 cm2) 
/\*ENVgf-t -4-Z (15 cm a 

HI. 1 */\gf -t -4-Zi1L 
VEtSZ) 0 1 t45( 1-t 9 PBS(-) 4 ml -en 
0. 'iv) n .0 tz.-_"*, T f v 

1. .›74a 0.8 ml 

v 10% FCS DMEM 9 ml 
E.`' sy 5-- .›YTililliNg<- 4-O 

03IIIPN; ; ;T 37.0°C1ESIesb it 3 L 
10% FCS DMEM tr_TfA -tZ (1'j 6t 
1 L IWAKI 0)1-5 0)7ks 1-11, 3 *)ER 

1 Lo)inittz.: 15cm .Y'-‘-r 
5 VI,J\o)*IIHNS'ARE-ff-C1Ct I.J -CL\Z) O D- 5-7 i- 200 ml 15 
Vt<'. -c:/\ 0.22 ,um -(11, Litt CO, R' `% —lli -C'TA4 5 f!Ptg 
g)-, LiTTISAV-Z ( 2) 0 z 4 37.0°CO —5-7K 
Z. El — 5 —t HIALIIIHNTWzAki\t-Z-Iktt, 3I-Y375\tr_ig,AM/\LV7V-0 
(CO, or  pH /.1\ < k:01)014NT\ - -7ff  k)i,inn1P,NA 

FI -5 -t 1-11AtEittO CO, ±A'V-.Z1 (4,„ 

M
{{
7-8 El lfl 

2: LI I-ll.^oJ NI,OAM 
3_-70)rmi,E. 0.22 ktrn... 

0)7 rll — 4,7A1g. `V —11,L°/  SRO 
140- 7 

flaNaffeff <M t.3&'ffoYitT N2 
5414eAirk 

111 

M 9 EI 2 
III1].Nff 70-80%7 .J7)lii> HEtss-D -Ct,\Za)-C‘, 
(HMO) ttla. ni 'tt gaAnts.friff*I9 70-90% I-. LI — 

1-)li rCz.:4-ZYDZ -(10)BAMAffttact 
E1411W75\75\Zo)7s, 7.5 S3J`tblEIT, 
1. 0% FCS DMEM 100 ml tz:1-3 1.8 mg Vt1- 1-cto) (240 lug/I=I- -3-

t 1 4') 
2. 0% FCS DMEM 100 ml tr.. PEI MAX 5.4 ml (1 mg/ml) -ff 1t 0) (360 ,u 

g/I=I —7ff HI. 1 4') 
VH7,4,b, 2 1 tz.:11-f, 20 33\4 -"Do 

203}'f , FCS o)V02fte 2% Vc_t.r.Z 5 Vc_i1P1 DMEM 1700 rnI (I-
ag 1.9 L) 0 Yxta-, liliNiAt-D --3 —7ff 

- -0) I-I=1- -5-7ffl-JIA-(= I- -5 >'gtz 250 ml 
0.22 ,um 7 -r)I.- 3E bk. CO, —11,--eitt-0 5 VueigDig-i-, 

37.0°Co)D-5 2 
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15 *O1=1-5-7KHIAEI-5>A7i :i 
7 ›gZ -Z (37.0°C, 0.5 rpm) ^2 

ofkm-c, 
-T--(>0)A-D -cotso DMEM r: L--t1J)< . 7r---•> (30 mg/L) 

(63 mg/L) - - a-AtigA'FAttgrATZ. ) 

M10-11 BR 
( H115FR.) 

M 12 EIR 
3}%.S. l.Z5M, #tc_ VA-Pr tt _EA DU. Riq 

NNEnT4O±At, PBS(-) 
---e3t-Dit.&, 0.02% EDTA )O9O PBS(-) 
- -GARiliNg.:Wfk iqiii\ (4°C, 200 x g, 5 min) liZ46, _EM ]inIttOtc.-ItERIN 

v77'7-4iWg‘  - --Cs '7-4/3\ V- WINNE nNOtZ CI —
z

 5—it l-llioin#A-LEAN0Y)( 
a VRoti: Sft&')-4-Z) 

I9gitik.t1TV5-.O1t-CZ. 
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2ALV 
5--*-( *It tc..MMKORRIE 

IRAttg,< offMf iz31911Niii*0 tc_ a) aftiiYM --c 524 __tggh.
tttsacti&uAtti2N tst,\GY-e-4- K‘ z..-* 4A-Cs -r a tt NUNC 0) 15 cm 

v a (code : 150468) OZ. 

34fi tc ;ilia' YoG\Zr_ ts <Z Y, < litc0 —7K's HL 
JtOZZ: LT1116 — LYffi*Zo Ei —7ff HI. 

CORNING 0-)1 '742 2 L giit 850 crn2 0)t VtIll Liz-0Z (code : 430849) 0 

DMEM ctE±7-( ll,141=1)'60) D-MEM (TATY)1,— ) (L-Y 
›, 7 I I- r'71A -A,- ) (code : 043-30085) 

itER 1./TOZ. -5 >A7 (=L A-5En 
N.ItiR.H4tr_Iin 2% tr_trPfr,.-. 0)-C's NaHCO,-P4roG,;A7:--3_ NJI:lb OZ. 

DMEM 500 ml 
100x :=1. 1).> • Z I-171-7-(i.> 5 ml 
( l 7 > 7 :JI4ZEI10) 2% FCS A DMEM 

7.5% NaHCO3*5-ga 5 ml 
100X 4k NA77 -:s. 5 ml 
FCS (10% -scb 2%) 

"MAX" (Polyethlenimine MAX, PEI MAX) 
—ANL 1-eln/Nol-3 hod .•./ 7i 

• >145.t.Y1VD41.--co WY, L*-tts I- Y75\75\ zo)--o, 
> "MAX" o M'2fVt -D Zo 2.1-1. 4t 

5 1E, PUT. 74'S kigANIANT'or).En110)*IFAV---3:_LiY,±*Z 
-• 5 Zt 6 Polysciences i_S.10) PEI MAX (code : 24765-1) Vt-D 

Z. eg. 1000 ,r,,-;‘z-_*--eAfR b --cf -5o)7•—MIMAtZ L—±Jpip-D ttts.0 tg 
OMY6Z. 

• t-iga 
MI111N 5)( 'J  I- l,tV464-1,ZPiNotftV,}iYagt)Jts-CSV -D zp,--c,6 z 

Ri7 tt lit-E16in*--clVAI4KUMattE.-A tEi7i -727,1E us - -4-1, 1) 7 7r 

• \ -3 -COZY, Li it 1) 7 —JI.T rJ7‘o),K.40,;,-cf-P 
i±ZZ 0 INEY,f6< 

• Y4M-c_75\i),Z 5T5( ') V H Z LAS lAtIg 
thYggiE01311.-AZIltr_tri:Zo L.75\ b, 293SGnTl(-) (N-acetylglucosaminyltran 
sferase I AiltV.xtfi -ttc HEK293S MVO 5 V- A) VH > 

(Man,GIcNAc2) 0)*i.S.n11V4ZZ:.Lei±*, EndoH 01.TT‘r_ Dtp, 
*Zo 
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