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Proteins often co-exist as multicomponent assemblies, making their

co-expression essential in recombinant production processes. The baculo-

virus expression vector system is commonly used to produce recombinant

multiprotein complexes mostly for structural and functional studies.

Although AI-enhanced tools, such as AlphaFold, have revolutionized pro-

tein structure prediction, solving the phase problem remains the most sig-

nificant challenge in X-ray crystallography for determining entirely novel,

dynamic, or complex protein structures. To address this challenge, the early

incorporation of selenomethionine into native proteins during production

is especially advantageous for facilitating experimental phasing. Here, we

describe a fast, effective, and versatile research protocol that uniquely com-

bines these two challenging features. The principle of this method is based

on using co-infection of several recombinant baculoviruses in so-called

equal multiplicity of infection (MOI) or equi-MOI ratio, while at the same

time, the balanced selenomethionine incorporation takes place to allow for

an accelerated workflow. The delicate balance between individual condi-

tions for producing selenomethionine-incorporated multiprotein complexes

with high efficiency has been developed over several years of studying pro-

tein complexes; therefore, many useful tips and tricks are provided as well.

Moreover, this protocol is straightforward to implement in any wet lab.

The production of a homogeneous protein sample in

sufficient quantities is an essential prerequisite not only

for structural investigations but also represents a

rate-limiting step for many functional studies and drug

design. In the living cell, a large fraction of proteins

co-exists as multicomponent assemblies. As many of
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them cannot be obtained from endogenous sources, the

recombinant expression is required to overcome this

bottleneck. The baculovirus technology was developed

in the eighties [1,2]; however, the breakthroughs came

10 years later [3–8] and since then it serves as a core for

a number of commercial vectors (see Materials section).

The baculovirus expression vector system (BEVS) has

become a widely used tool to produce recombinant

proteins [9–13], especially those requiring complex

post-translational modifications. BEVS is particularly

advantageous for studying protein complexes and inter-

actions. These proteins can be expressed from multiple

baculoviruses (via co-infection), each carrying a single

monocistronic foreign gene, or from a single polycis-

tronic baculovirus containing multiple foreign genes.

Some studies have highlighted rapid gene assembly

methods, such as biGBac, for the efficient expression of

large multisubunit protein complexes by using polycis-

tronic vectors [8]. While the use of multigene vectors is

well-established, the application of monocistronic vec-

tors for producing multiprotein assemblies remains less

explored, despite its significant potential for such pur-

poses. Moreover, incorporating selenomethionine

(SeMet) into native proteins early in the production pro-

cess significantly enhances the system’s utility for struc-

tural studies [14,15]. SeMet is an analog of methionine,

where the sulfur atom is replaced with selenium during

protein synthesis. This substitution is particularly useful

in X-ray crystallography, as selenium atoms provide

unique anomalous scattering properties that facilitate

phase determination through techniques such as

multi-wavelength anomalous dispersion (MAD) or

single-wavelength anomalous dispersion (SAD). While

AI-based tools like AlphaFold [16] have revolutionized

protein structure prediction, the phase problem remains

to be a critical bottleneck in X-ray crystallography, espe-

cially for proteins with unusual or novel folds (e.g., viral

proteins, or proteins from unknown organism); multi-

protein complexes or macromolecular assemblies (e.g.,

ribosomes, viral capsid glycoproteins, or protein-DNA

complexes); proteins with bound ligands (e.g., drugs,

cofactors, phosphorylation, or glycosylation) and

dynamic structures. Therefore, experimental phasing

techniques, such as SAD and MAD, are essential for

resolving the phase problem in the determination of de

novo protein structures. However, achieving efficient

SeMet incorporation in insect cell systems also poses

several challenges [15,17–19]. Optimizing the concentra-

tion of SeMet in the cell culture and ensuring that it is

effectively incorporated during protein synthesis with-

out causing toxicity or misfolding is critical for the suc-

cess of this approach. In this study, we present a fast,

effective, and versatile protocol that uniquely combines

these challenging features. Considering also that initial

infectivity is a reliable indicator of overall protein com-

plex production, as described in detail in [7], we have

established and verified a balanced multiplicity of infec-

tion (MOI) ratio, termed the equi-MOI ratio. This

method involves co-infecting cells with several monocis-

tronic baculoviruses at an equi-MOI ratio while simulta-

neously ensuring balanced SeMet incorporation. This

approach enables an accelerated workflow for the effi-

cient production of protein complexes. The experimen-

tal procedures reported were developed over years of

producing various viral and endogenous protein com-

plexes for our structural studies, including HCMV

UL141 protein in complex with TRAIL death receptor 2

or in complex with HCMV US2 and CD155; and the

HCMV UL144 glycoprotein in complex with immunor-

eceptors BTLA and CD160; among others [20–27]. This
protocol is well-suited for the rapid SeMet-incorporated

multiprotein co-expression of multiprotein complexes

and can be easily implemented in every wet lab.

Materials

Reagents and materials required to successfully perform

this protocol can be purchased from many vendors either

as separate products or as complete kits. Below, we provide

a concise list of all key reagents along with possible alter-

natives that were tested to optimize this protocol.

Competent transfer vectors

Several versatile transfer vectors have been constructed that

permit the insertion of foreign genes between polyhedrin

flanking sequences and allow the co-transfection along with

wild-type viral DNA into insect cells. According to differ-

ent requirements, a wide range of combinations is avail-

able, e.g. with single or multiple promoters for single or

simultaneous expression with various tags, or secretory pro-

tein with signal peptide.

1 pBacPAKTM8 transfer vector (Cat. No. 631402; Takara

Bio, Kusatsu, Japan)

2 pAcGP67ATM baculovirus transfer vector (Cat. No.

TVC2019; Creative BioMart, Shirley, NY, USA)

3 pVL1393TM vector (Cat. No. B1; AB Vector, San Diego,

CA, USA)

4 pOET1.1TM transfer plasmid (Cat. No. 200101; Oxford

Expression Technologies, Oxford, UK)

Baculovirus DNA

The bacmid BAC10:KO1629 developed by [28] is the original

source of baculovirus DNA. It consists of the wild-type

AcMNPV genome in which part of ORF1629 that is essential
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for virus replication has been replaced by a low copy bacte-

rial replicon and resistance markers that are surrounded by

Bsu36I restriction sites used for DNA linearization.

ORF1629 is rescued after recombination with the transfer

vector. Genetically optimized, ready-to-use linearized bacu-

lovirus DNA, often including features such as fluorescent

markers, is commercially available from several suppliers.

1 ProGreenTM viral DNA (Cat. No. A1; AB Vector, San

Diego, CA, USA)

2 BestBacTM linearized baculovirus DNA (Cat. No. 91-001;

Expression System, Davis, CA, USA)

3 BacPAKTM6 viral DNA (Cat. No. 631402; Takara Bio,

Kusatsu, Japan)

4 flashBACTM ULTRA baculovirus DNA (Cat. No.

100300; Oxford Expression Technologies, Oxford, UK)

Lipidic transfection reagents

For the initial transfection, several reagents can be used. In

our hands, the transfection with any of them works with

comparable efficiency.

1 Expres2 TRTM transfection reagent (Cat. No. 91-100;

Expression System, Davis, CA, USA)

2 ProFectinTM reagent (Cat. No. T10; AB Vector, San

Diego, CA, USA)

3 CellFectin IITM reagent (Cat. No. KTR1027; Creative

BioMart, Shirley, NY, USA)

4 BacFectinTM (Cat. No. 631402; Takara Bio, Kusatsu, Japan)

5 baculoFECTIN IITM transfection reagent (Cat. No.

300105; Oxford Expression Technologies, Oxford, UK)

Special chemicals

1 L(+)-Selenomethionine > 99%, C5H11NO2Se, Mw 196.12

(Cat. No. 259960010, CAS No. 3211-76-5; Acros

Organics, Geel, Belgium)

2 Cytiva HyCloneTM dialyzed Fetal Bovine Serum (FBS)

(Cat. No. SH30088.03; Cytiva, Marlborough, MA, USA)

3 Baculovirus Titering Kit (Cat. No. 97-101; Expression

System, USA) or BacPAK p35 ELISA Titering Kit (Cat.

No. 631477; Takara Bio, Kusatsu, Japan)

Insect cells

1 Sf9 cells from Spodoptera frugiperda (Cat. No. 94-001F;

Expression System, Davis, CA, USA)

2 Sf21 cells from Spodoptera frugiperda (Cat. No. 11497013;

Thermo Fisher Scientific, Waltham, MA, USA)

3 Tni cells from Trichoplusia ni (Cat. No. 94-002F; Expres-

sion System, Davis, CA, USA)

4 High FiveTM (Hi5) cells from Trichoplusia ni (BTI-TN-5B1-

4, Cat. No. B85502; Invitrogen, Carlsbad, CA, USA)

Antibiotics

1 Penicillin–Streptomycin (Cat. No. 17-603E; Lonza, Basel,

Switzerland)

2 Gentamicin Sulfate (Cat. No. 17-518L; Lonza, Basel,

Switzerland)

Media for insect cells and their compatibility

The selection of media is recommended based on its com-

patibility with other critical reagents, such as the transfer

vector and viral DNA. Among the four tested media, the

first three demonstrated full compatibility with all the listed

vectors, viral DNAs, and other reagents, whereas the last

medium exhibited reduced compatibility but remained suit-

able for use with reagents from the same manufacturer.

1 Insect-XPRESSTM protein-free with L-glutamine (Cat.

No. 12-730Q; Lonza, Basel, Switzerland)

2 ESF 921DTM Delta series methionine deficient (Cat. No.

96-200; Expression Systems, Davis, CA, USA)

3 Sf-900 II SFMTM (Cat. No. MED1211; Creative Bio-

Mart, Shirley, NY, USA)

4 Transfection MediumTM complement (Cat. No. 95020-

100; Expression System, Davis, CA, USA)

Methods

Intracellular homologous recombination

Homologous recombination takes place in intracellular

compartments, and it is a commonly used method to insert

the gene of interest into baculovirus DNA in BEVS. The

most common expression systems (see Materials section)

apply the so-called rescue strategy to solve this problem.

Vectors such as Bac-to-BacTM (Invitrogen, Carlsbad, CA,

USA) are based on the other recombination technology in

E. coli, but this is not intended in this protocol. The viral

DNA is engineered with a lethal deletion, and it is

pre-linearized at three Bsu36I restriction enzyme recogni-

tion sites. A part of the essential ORF1629 is cut off by the

enzyme; thus, the linear viral DNA can neither self-link

nor survive in a non-recombined form. Only when the viral

DNA is co-transfected into the insect cell and homolo-

gously recombined with the transfer plasmid which con-

tains the segment of the gene of interest can the

recombinant virus DNA survive in the host insect cell.

Preparation of recombinant transfer vector

(Step 1)

The mature ectodomain of the gene of interest, along with

selected functional tags, is typically PCR-amplified from

the source DNA and then cloned downstream of the
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secretion signal sequence in a specific baculovirus transfer

vector. Recombinant plasmids are subsequently amplified

in standard bacterial strains and maintained under

sterile conditions. Conventional cloning methods can be

applied to generate recombinant transfer plasmids

(Fig. 1/Step 1).

Generation of recombinant baculoviruses (Step 2)

1 Seed 0.8 9 106 insect cells from a confluent suspension

culture into a 6-well tissue culture plate. Add

protein-free medium in each well to a total volume of

3 mL. In a typical experiment, include one well that con-

tains only cells, one that contains only medium, and a

positive fluorescent transfection control. For each, seed

two wells. Allow cells to incubate for 15 min at 27 °C.
2 For each construct, prepare transfection complexes by

diluting 0.5 lg of linearized viral DNA and 2 lg of

transfer plasmid containing the gene of interest (centri-

fuged at high speed) in 250 lL insect cell protein-free

medium. Dilute 20 lL of transfection reagent in 250 lL
of medium in a separate tube.

3 Add the diluted transfection reagent to the DNA solu-

tion (respect the order of addition), vortex for 20 s, and

incubate at room temperature (RT) for 20 min, protected

from light.

4 Add 0.5 mL of medium to the transfectant-DNA sus-

pension and use it to replace the supernatant from

seeded cells. Apply dropwise to the cells. Rock back

and forth the plate horizontally every 20–30 min. Incu-

bate for 4 h at RT protected from light. Replace the

supernatant with 3 mL of fresh protein-free medium,

including antibiotics. Incubate for a maximum of

5 days at 27 °C.
5 Pellet cells (10 min at 1000 g) and carefully collect the

supernatant and store at 4 °C protected from light. This

is the passage 0 (P0) of recombinant virus. The P0 stock

can be used directly to test expression of the desired pro-

teins by using western blot or could be concomitantly

amplified for production (Fig. 1/Step 2). See also para-

graph ‘Tips & Tricks’.

Virus amplification (Step 3–4)

1 Seed 2 9 106 insect cells from a confluent suspension

culture into a T-25 tissue culture flask. Add protein-free

medium to a total volume of 5 mL. Infect at MOI of 0.5

or below with a small volume (roughly ~500 lL) of P0

virus and incubate for 5 days at 27 °C. The volume of

virus depends on the titer of your virus stock and thus

on transfection efficiency.

Fig. 1. The simplified scheme showing the protocol for optimized baculovirus-mediated expression in insect cells. The procedures shown

here are as follows: preparation of recombinant transfer vector (Step 1), generation of recombinant baculoviruses (Step 2), virus

amplification to obtain low titer virus stock (Step 3), or high titer virus stock (Step 4).
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2 Transfer the suspension into a fresh 15 mL tube and spin

for 10 min at 1000 g. Collect the supernatant into a fresh

tube and supplement with 10% FBS if a serum-free

medium was used and store at 4 °C protected from light.

This is the (P1) low titer virus stock reaching approxi-

mately ~103–106 pfu�mL�1 (Fig. 1/Step 3). Keep the pel-

let resuspended in small amount of fresh medium for

further analysis. If large volume of virus is required,

amplify P1 to obtain P2 (and eventually P3). See also

paragraph ‘Tips & Tricks’.

3 For amplification, seed 3 9 106 insect cells from a con-

fluent suspension stock culture into a T-75 tissue culture

flask. Add medium to a total volume of 15 mL. Infect at

an MOI of 1 (or below) with P1 virus (roughly ~1.5 mL)

and incubate for 5 days at 27 °C. The volume of virus

depends on the titer of your virus stock and thus on

transfection efficiency.

4 Transfer the suspension into a fresh 50 mL tube and spin

for 10 min at 1000 g. Collect the supernatant into a fresh

tube and supplement with 5% FBS if a serum-free

medium was used and store at 4 °C protected from light.

This is the (P2) high titer virus stock (HTVS) reaching

approximately ~107–109 pfu�mL�1 (Fig. 1/Step 4).

5 If more virus is needed for protein production, repeat

the HTVS preparation with higher amplitude in parallel

flasks. For example, infect 1 9 107 cells with P2 virus at

MOI of 1 (roughly ~100 lL of P2) in 50 mL of media in

T-175 flask. HTVS are used for infection of cells at opti-

mal multiplicity of infection resulting in maximum pro-

tein production. See also paragraph ‘Tips & Tricks’.

Determination of viral titer

The virus titer could be exactly measured by classical pla-

que assay, flow cytometry, or qPCR; however, for its esti-

mation, the endpoint dilution assay (EPDA) could be used

instead. Alternatively, the baculovirus titering kit (see

Materials section) could be used for viral titer estimation.

EPDA only requires careful observation and handling while

measuring the amount of virus required to infect cultured

cells, with focus on the highest dilution at which the virus

still causes an observable effect. To perform the EPDA,

follow these steps:

1 Seed 1 9 103 insect cells from a confluent suspension

culture into a 6-well tissue culture plate. Add

protein-free medium to each well to a total volume of

2 mL. Include one well that contains only cells, as an

uninfected control. For each virus dilution, seed two

wells. Allow the cells to incubate for 15 min at 27 °C.
2 Prepare the 10-fold serial dilutions of the virus in the

culture medium, or the cells could be directly inoculated

with 100, 10, and 1 lL aliquots of the collected superna-

tant containing virus (i.e., P0-P2). Incubate cells for

3 days at 27 °C.

3 Cells are visually inspected for signs of infection

(Fig. 2A) however, it may be difficult to identify

infected cells as signs of infection are not always visu-

ally apparent, particularly if the transfection efficiency

is low. The visual comparison between dilutions is used

to ascertain how successful was infection. If the trans-

fection supernatant shows a 10-fold decrease in the

number of infected cells between dilutions, you should

amplify the virus once or twice more. See also para-

graph ‘Tips & Tricks’.

Native multiprotein expression (Step 5a)

1 Prepare one 2 L Erlenmeyer flask (or several, if needed)

containing 1000 mL of cell suspension at a density of

2 9 106 cells�mL�1 in the exponential growth phase. Use

standard protein-free media.

2 Infect the cell culture at MOI 3–10 with a heterologous

virus that was freshly pooled from several P2 viruses,

each at ~ MOI 3, to maintain an equi-MOI ratio

(roughly ~40 mL each). The volume of virus depends on

the titer of your virus stock and thus on transfection effi-

ciency. Incubate the cell culture at 27 °C with low agita-

tion (max. 150 rpm) for 3.5 days (approx. 84 h).

3 Transfer the suspension into several centrifugal tubes

and spin for 10 min at 1000 g. Collect the supernatant

containing secreted proteins into a fresh 50 mL tubes

and spin for an additional 30 min at high speed

(20 000 g) 4 °C to remove any residual cell debris. If

protein is not aimed to be secreted into media (depends

on protein properties and vector usage), collect the cell

pellet and proceed with cell lysis and isolation.

4 Harvested proteins secreted into the culture media

should immediately undergo initial purification (Fig. 2B)

or concentration steps and should not be stored at this

stage to preserve their integrity and functionality

(Fig. 3/Step 5a). See also paragraph ‘Tips & Tricks’.

Selenomethionine multiprotein expression

(Step 5b)

1 Repeat procedure 1–2 of Step 5a but incubate only for

16 h (min. 8–36 h).

2 To achieve depletion of methionine from intracellular

pools, gently spin down the suspension for 15 min at

300 g. Discard the supernatant and gently resuspend the

cells in an equal volume of methionine-free medium sup-

plemented with antibiotics. Incubate the suspension with

low agitation at 27 °C for 4 h (min. 4–12 h).

3 Gently spin down the suspension again for 15 min at

300 g. Discard the supernatant and gently resuspend the

cells in an equal volume of methionine-free medium sup-

plemented with antibiotics.
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Fig. 2. (A) Representative microscopy images showing differences between non-infected cell culture (top panel) and baculovirus-infected

cells (two bottom panels). Red arrows in the middle panel indicate visible signs of successful baculovirus (BV) infection. In the bottom

panel, the overlay of GFP-expressing cells (green fluorescent protein, GFP) against the background further confirms successful baculovirus

transfection in the cell culture expressing recombinant protein complex. (B) Efficient production of the three-protein complex (as indicated in

the figure) was achieved through co-expression in BV-Sf9 cells. Protein expression levels were relatively high (~6.1 mg of purified protein

complex) given the culture volume (1000 mL). Size-exclusion chromatography (SEC) confirmed the formation of the three-protein complex,

with chromatograms of the SeMet-incorporated (bold line) and native protein complex (dotted line) shown side by side. Molecular size

standards (with indicated molecular weights in kDa) are provided for reference in the top panel. Gel electrophoresis (SDS-PAGE) analysis of

the purified protein complex confirms that each component migrates at its expected molecular weight. (C) Mass spectrometry analysis was

performed to determine the intact masses of the SeMet-substituted (bottom panel) and native protein complexes (top panel). The differently

charged peaks for both protein complexes are shown, with m/z values of 69 531.4 and 139 062.2 for the native complex, and 69 999.8 and

140 000.8 for the SeMet-incorporated complex. The observed mass shift from 139 062.2 Da to 140 000.8 Da upon SeMet incorporation (a

difference of 938.6 Da) corresponds to an incorporation efficiency exceeding 96%. (D) The selenium-labeled protein complex was

successfully crystallized and Se K-edge fluorescence scans conducted at the synchrotron confirmed Se incorporation. The real (f0) and

imaginary (f00) components of anomalous scattering are plotted as a function of incident photon energy. (E) The Se anomalous difference

Fourier map, calculated between 6.1 and 2.4 �A resolution and contoured at 5r, is shown in blue. Nineteen out of twenty SeMet residues

were identified in the map, with the SeMet at position 1 located in a disordered region of the protein. For all presented plots, we observed

high reproducibility across at least three independent biological experiments (n = 3–5). A representative replicate (n = 1) is shown, as

indicated next to the curve.

Fig. 3. The simplified scheme showing the protocol for rapid baculovirus-mediated equi-MOI (equal multiplicity of infection) multiprotein co-

expression in insect cells integrating selenomethionine for native structural studies. The procedures shown here are as follows: native

multiprotein expression (Step 5a) and selenomethionine (SeMet) multiprotein expression (Step 5b).
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4 Add 50 mg/L of selenomethionine (SeMet). The critical

point of SeMet addition is within the first 16–20 h fol-

lowing viral infection, as the protein expression begins at

that time. Expression of the protein complex was contin-

ued for 48–96 h post-infection. Total time of expression

is ideally 3.5 days at 27 °C with low agitation (max.

150 rpm).

5 Transfer the suspension into several centrifugal tubes

and spin for 10 min at 1000 g. Collect the supernatant

containing secreted proteins into a fresh 50 mL tubes

and spin for an additional 30 min at high speed

(20 000 g) 4 °C to remove any residual cell debris. If

protein is not aimed to be secreted into media (depends

on protein properties and vector usage), collect the cell

pellet and proceed with cell lysis and isolation.

6 Harvested proteins secreted into the culture media

should immediately undergo initial purification (Fig. 2B)

or concentration steps and should not be stored at this

stage to preserve their integrity and functionality

(Fig. 3/Step 5b). See also paragraph ‘Tips & Tricks’.

Storing viruses

Virus stock (especially P2) can be safely stored for years,

but it should be protected from light and kept at 4 °C.
An alternative option is to store frozen aliquots of

baculovirus-infected insect cells with a final density

of 1 9 107 cells�mL�1 that can be stored in liquid nitrogen

for an indefinite time. The integrity of the recombinant

virus can be checked by various methods, including PCR.

Tips & Tricks

1 For some protein complexes, the stoichiometry (the

ratio of different subunits) may not be 1:1. Adjust-

ments to the equi-MOI ratio (in Step 5a/5b) might

be necessary to reflect the natural stoichiometry of

the complex.

2 After 48 h post-infection (Step 2), the most, if not

all, of the cells should show substantial swelling,

and proliferation arrest should be observed. The

culture should be harvested when cells have been

infected for several days, ideally 24 h after cells

have stopped dividing, or when cells in the posi-

tive control express the fluorescent protein. This

control typically involves the co-transfection of

cells with a plasmid encoding a fluorescent protein

(e.g., GFP or mCherry) alongside the plasmid of

interest. The fluorescent protein acts as a marker,

enabling visualization of successfully transfected

cells under a fluorescence microscope. This allows

for the direct evaluation of transfection efficiency

(Fig. 2A).

3 Rough estimation of virus volume (in Step 3–4).
For amplification, the MOI should be 0.1–0.5. Ide-
ally, the titer of the P0 stock should be determined

experimentally. However, assuming a cell concen-

tration of 0.4 9 106 cells�mL�1 and a titer of the

P0 stock of 2 9 106 pfu�mL�1, then an MOI of

0.1–0.5 would correspond to 2–10% (virus

volume/culture volume percentage). For example,

add between 100 and 500 lL of virus stock to a

5 mL culture in a T-25 flask.

4 If the volume of virus (in Step 2–3) added to the

culture was adequate, cells should look healthy and

should have doubled after 24 h post-infection. At

this time, infected cells should be releasing budded

virus into the medium to infect other cells. If too

much virus was added, signs of infection are visi-

ble: cells swell (size can increase up to 20–30%),

stop dividing, and appear uniformly rounded with

enlarged nuclei. Restart with less virus.

5 P1 virus is sufficient for initial protein expression

studies. If large volumes of virus are required for

large-scale protein expression, amplify P1 to obtain

P2 (and eventually P3). Remember, a 48 h post-

infection usually yields a 2-log amplification.

6 While performing EPDA, the cell viability can be

evaluated with Trypan blue. Nonviable cells will

take up blue color. Healthy cultures should contain

more than 97% of unstained viable cells. An auto-

mated counter can be used to provide cell size dis-

tribution, which is an indicator of cell infection.

7 Detailed monitoring of virus amplification (in Step

2–5) is not always possible when a large number of

viruses are needed simultaneously. For this reason,

the protocol contains given volumes of viruses

P0–P3 to simplify the process.

8 A successful transfection should result in uniformly

large, infected cells in all experimental wells during

EPDA. If only the 100 and 10 lL wells seem to

have infected cells and the 1 lL well looks more

like the control, then the titer of your virus super-

natant is low. Amplify the virus an additional time

before you proceed with protein production.

9 When co-expressing multiple proteins in the BEVS

(in Step 5a/5b), the equi-MOI ratio is particularly

important. By using an equal MOI for each recom-

binant baculovirus, the balanced expression levels

of all target proteins could be achieved. This bal-

ance is crucial for the proper assembly and func-

tionality of protein complexes. For example, if

three proteins are to be co-expressed, each recom-

binant baculovirus encoding one of these proteins

would be added at the same MOI. If the chosen

MOI is 3, each of the three baculoviruses would be
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added to the culture at an MOI of 3, resulting in a

combined MOI of 9. This approach helps to ensure

that each cell receives approximately the same

number of virus particles for each gene of interest,

promoting uniform expression (Fig. 2B).

10 High MOIs can sometimes be toxic to cells. It is

important to find a balance that maximizes protein

expression while maintaining cell health.

11 The medium in any step could be supplemented

with 5–10% (v/v) heat-inactivated FBS when

necessary.

12 Respect the incubation time recommended for use

of transfection reagent (in Step 2) as extended incu-

bation may lead to the formation of large and

difficult-to-transfect DNA/transfection complexes.

Carefully follow the manufacturer’s instructions for

procedures and the choice of compatible medium.

13 Maximum expression is usually observed between

30 and 84 h for secreted proteins and between 48

and 96 h post-infection for non-secreted proteins.

14 Secreted proteins in conditioned media should not

be stored for long periods due to the risk of degra-

dation or modifications (such as proteolysis) by

extracellular enzymes, which can compromise pro-

tein quality. In contrast, intracellular proteins that

are collected from the cell pellet are generally more

stable and can be stored for longer periods, as they

are less exposed to such degradation pathways.

Therefore, immediate purification or concentration

is recommended to ensure protein integrity and

functional yield.

15 A protocol is described to produce soluble recom-

binant protein complexes with a very high SeMet

occupancy rate (approx. 80–100%). The success of

SeMet substitution often depends on the specific

protein and its natural methionine content. The

SeMet incorporation can be monitored by mass

spectrometry by comparing the mass shifts in the

intact protein (Fig. 2C) or the protein’s peptides.

Thus, the incorporation of SeMet can be confirmed

due to the increase in mass corresponding to the

replacement of sulfur in methionine with selenium,

resulting in an approximate mass increase of

46.93 Da per substitution. Additionally, when crys-

tals are available, Se K-edge fluorescence scans and

difference Fourier maps can be utilized to detect

anomalous selenium signals (Fig. 2D,E).

16 Addition of specific cell culture antibiotics can be

useful when it is necessary to face a contamination.

For example, during the methionine-depletion

phase, etc. A typical concentration of 5–
25 U�mL�1 of penicillin and/or 7 lg�mL�1 of

streptomycin and/or 5–50 lg�mL�1 of gentamicin

can be added to cell culture to prevent

contamination.
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