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Chapter 19

High-Efficiency Expression of Yeast-Derived
G-Protein Coupled Receptors and 19F Labeling
for Dynamical Studies

Libin Ye, Alexander P. Orazietti, Aditya Pandey, and R. Scott Prosser

Abstract

We describe a detailed protocol for heterologous expression of the human adenosine A2A G-protein
coupled receptor (GPCR), using Pichia pastoris. Details are also provided for the reconstitution and
functional purification steps. Yields of 2–6 mg/g membrane were obtained prior to functional purification
(ligand column purification). Typically, functional purification reduced overall yields by a factor of 2–4,
resulting in final functional production of 0.5–3 mg/L membrane. Yeast is an excellent protein expression
system for NMR given its high tolerance for isotope-enriched solvents and its ability to grow in minimal
media.

Key words P. pastoris, GPCR, Membrane protein, Functional purification, A2AR

1 Introduction

In eukaryotes, signal transduction associated with vision, sensory-,
autonomic-, and neurotransmitter-mediated response, inflamma-
tion, and cell homeostasis are regulated by a diverse class of mem-
brane receptors, known as G-protein coupled receptors (GPCRs)
G-protein coupled receptors (GPCRs). There are over 800 human
GPCRs, all of which possess a common 7-transmembrane motif
[1]. Signal transduction is generally regulated by an extracellular
ligand that when bound to the orthosteric binding pocket of the
receptor establishes an allosteric path between the GPCR and
intracellular signaling proteins such as G proteins or β-arrestins.
One third of currently marketed drugs [2] target GPCRs and many
drug discovery efforts are currently focused on their application to
treat cancer, obesity, cardiac disease, and neurodegenerative dis-
eases. Considering their location in the plasma membrane and their
ubiquitous role in the regulation of signal transduction, there is an
immense interest in understanding receptor and drug interactions.
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Despite their widespread interest to the medical community, prog-
ress in understanding the relationship between GPCR structure
and function has been mired by challenges associated with obtain-
ing high yield of functionally reconstituted receptor. The past
decade has witnessed a renaissance for structural biology in terms
of capacity to determine high-resolution crystal structures of
GPCRs in complex with specific ligands or, most recently, binding
partners such as G proteins and β-arrestins.

Methodological breakthroughs in X-ray crystallography have
recently provided high-resolution structures of dozens of GPCRs
since 2007, spanning representative functional classes [3]. In con-
trast to more than 50 unique GPCR X-ray crystal structures cur-
rently available, a single structure of a chemokine receptor,
CXCR1, has been obtained by solid-state NMR [4]. Current
NMR initiatives have thus far focused on the identification of
mutations that improve fold stability (and spectroscopic resolution)
at higher temperatures while addressing issues associated with het-
erologous expression that allow for the facile incorporation of
13C,15N, and 2H isotopes [5–8]. Studies of related 7-
transmembrane receptors suggest that the requisite resolution is
at hand to allow for triple-resonance (1H, 13C, 15N) experiments
and subsequent structure studies by NMR [9–13]. However, the
greatest challenge with each receptor is to identify a robust heter-
ologous expression system that generates functional isotopically
enriched receptors. Insect cells remain promising systems for the
expression of GPCRs and many NMR initiatives are focused on the
use of insect cells containing deuterated solvent and 15N, 13C, and
2H-enriched amino acids derived from algal cells or yeast extract
[14]. Insect cells nevertheless have a reputation for being prohibi-
tively costly and less versatile when factoring in the cost of isotope-
enriched media. The approach in our lab and others has been to
make use of yeast (e.g., Saccharomyces cerevisiae, Pichia pastoris,
Kluyveromyces lactis, and Yarrowia lipolytica) expression systems,
in part owing to their high tolerance for D2O, amenability to the
introduction of inexpensive 13C and 15N sources [15–19], and high
cell densities. Yeast expression systems are also relatively inexpen-
sive, can accomplish post-translational modifications, and have
been shown to provide very high yields of mammalian proteins,
including GPCRs [20, 21].

Despite the technical challenges, there are several key advan-
tages that NMR brings to the study of GPCRs. First, fusion con-
structs that are often employed in crystallography to obtain crystals,
are generally not a part of the NMR regimen, and in many cases, it
is possible to make use of wild-type sequences, assuming expression
is not unduly compromised. GPCRs are also reputed to undergo
both slow and fast exchange between multiple conformations,
associated with distinct functional states [22–25]. While this com-
plicates NMR structure studies and backbone assignments, the
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spectroscopic characterization of specific functional states and their
exchange rates greatly enriches our understanding of the confor-
mational landscape and mechanisms associated with receptor acti-
vation. In particular, 19F NMR is sensitive to subtle changes in
electrostatic and van der Waals environment and thus to the activa-
tion process, allowing the characterization of the conformational
landscape as a function of ligand and/or interacting species [22, 23,
26]. While 19F-enriched amino acids (in particular, fluoro-aromatic
residues) can in principle be incorporated into GPCRs [27], the
majority of 19F NMR spectroscopic studies of GPCRs have been
accomplished via thiol-specific tagging of optimized fluorinated
derivatives [28]. Most recently, in our lab, we succeeded in high-
yield expression, 19F-labeling, and reconstitution of two class A
GPCRs using Pichia pastoris [29, 30]. Herein, using the adenosine
A2 receptor (A2AR) as an example, we provide details of our in-
house protocol associated with screening of transformants, expres-
sion, reconstitution in detergents, and purification of functional
receptor for NMR sample preparation.

2 Materials

2.1 Materials and

Apparatus Commonly

Used for Molecular

Biology

1. pPIC9K vector (see Note 1).

2. Pichia pastoris SMD1163 strain (see Note 2).

3. Glycerol.

4. 1 M ice-cold sterile sorbitol.

5. Geneticin® 418.

6. XL 10-Gold® ultracompetent E. coli cells.

7. YPD plate: 1% yeast extract, 2% peptone, 2% glucose, and 1.5%
agar.

8. YPD broth: 1% yeast extract, 2% peptone, 2% glucose.

9. YNBD plate: 1.34% yeast nitrogen base without amino acid, 1%
glucose, 4 � 10�5% D-Biotin, and 1.5% agar.

10. BamHI-HF, NotI-HF, and PmeI-HF restriction enzymes.

11. T4 DNA ligase.

12. GenElute™ plasmid miniprep kit (Sigma-Aldrich).

13. 100% ethanol.

14. 1.5 mL Eppendorf tubes.

15. 2 mm electroporation cuvette.

16. 14 mL round-bottom Falcon tubes.

17. UV-vis spectrometer.

18. Spectrophotometer (NanoDrop™ 2000).

19. Electroporation system (Gene Pulser II from Bio-Rad).
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2.2 Materials for

Screening of

Transformants

1. YPD plates with different concentrations of Geneticin® 418.

2. All materials for electroporation as listed in Subheading 2.1.

3. BMGY medium: 1% (w/v) yeast extract, 2% (w/v) peptone,
1.34% (w/v) YNB without amino acids, 4 � 10�5% (w/v) D-
Biotin, 1% (w/v) glycerol, 0.1 M phosphate buffer at pH 6.5.

4. BMMY medium: 1% (w/v) yeast extract, 2% (w/v) peptone,
1.34% (w/v) yeast nitrogen base without amino acids,
4 � 10�5% (w/v) D-Biotin, 0.5% (w/v) methanol, 0.1 M
phosphate buffer at pH 6.5, 0.04% (w/v) histidine and 3%
(v/v) DMSO, 10 mM theophylline.

5. Methanol.

6. P1 buffer: 50 mM HEPES, pH 7.4.

7. Lysis buffer P2: 50 mM HEPES, pH 7.4, 100 mM NaCl,
2 mM EDTA, 10% glycerol, 100 U Zymolyase.

8. Anti-His6 peroxidase kit.

9. Nitrocellulose membranes.

10. Blocking buffer: 125 mM NaCl, 25 mM Tris base, pH 7.5,
0.3% Tween-20, and 3% nonfat milk.

11. Incubation buffer: Anti-His antibody diluted to 1:2000 with
blocking buffer.

12. Washing buffer: 125 mM NaCl, 25 mM Tris base, pH 7.5,
0.3% Tween-20.

2.3 Materials for

Functional Ligand

Column Preparation

1. Xanthine amine congener �96% (Sigma-Aldrich).

2. DMSO.

3. Affi-Gel® 10 (BioRad).

4. Isopropanol.

5. Trisaminomethane (Tris).

6. Acetic acid.

7. NaN3.

2.4 Materials for Cell

Culture and Induced

Expression

1. YPD plates.

2. YPD broth.

3. Buffered glycerol complex (BMGY) medium.

4. Buffered methanol complex (BMMY) medium.

5. Methanol.

6. Anti-foam A.
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2.5 Materials for

Membrane Preparation

and Functional

Purification

1. Buffer P1: 50 mM HEPES, pH 7.4

2. Lysis buffer P2: 50 mM HEPES, pH 7.4, 100 mM NaCl,
2 mM EDTA, 10% glycerol, 100 U Zymolyase, EDTA-free-
proteinase inhibitor (Sigma-Aldrich).

3. Ultracentrifuge.

4. Buffer P3: 50 mM HEPES, pH 7.4, 100 mM NaCl, 2 mM
theophylline, 10% glycerol, EDTA-free-protease inhibitor,
solution of 1% (Lauryl Maltose Neopentyl Glycol) MNG (Ana-
trace), 0.2% cholesterol hemisuccinate (CHS), and 20 mM
imidazole.

5. TALON® Metal Affinity Resin (Clontech Laboratories, Inc.).

6. Binding Buffer P4: 50 mM HEPES, pH 7.4, 100 mM NaCl,
2mM theophylline, 10% glycerol, EDTA-free protease inhibi-
tor, solution of 0.1%MNG and 0.02% CHS, 20 mM imidazole.

7. Buffer P4þ1: 50 mM HEPES, pH 7.4, 100 mM NaCl, 2 mM
theophylline, 10% glycerol, EDTA-free protease inhibitor,
solution of 0.1% MNG, and 0.02% CHS.

8. Buffer P5: 50 mM HEPES, pH 7.4, 0.1% MNG, 0.02% CHS,
100 mM NaCl.

9. Buffer P6: 50 mMHEPES, pH 7.4, 100 mMNaCl, solution of
0.1% MNG and 0.02% CHS, 250 mM imidazole.

10. Buffer P7: 50 mM HEPES, pH 7.4, 0.1% MNG, 0.02% CHS.

11. Buffer P8: 50 mM HEPES, pH 7.4, 0.1% MNG,0.02% CHS,
100 mM NaCl, 20 mM theophylline.

3 Methods

3.1 Gene

Manipulation and

Transformant

Optimization

3.1.1 Preparation of

Competent Cells

1. SMD1163 cells were streaked from a �80 �C stored glycerol
stock onto YPD plates and incubated for 3–5 days at 30 �C
before making competent cells (see Note 3).

2. A single colony from streaked YPD plates was inoculated into
10 mL YPD broth, and incubated with shaking at 275 rpm at
30 �C until an OD600 of ~3.0 was reached.

3. The 10 mL cell broth was then re-inoculated into 500 mL YPD
broth and the OD600 was continuously monitored until such
time that an OD600 of 1.0–1.3 was reached (typically requiring
20–24 h).

4. The cell pellets were collected into pre-autoclaved centrifuga-
tion tubes, upon centrifugation at 1500 � g for 5 min at 4 �C.

5. The cell pellets were washed twice with 10� autoclaved ice-
cold distilled H2O (see Note 4).
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6. The final cell pellets were resuspended in 1 mL 1 M sterile ice-
cold sorbitol (see Note 5).

7. 80 μL of resuspended cells were aliquoted into 1.5 mL pre-
chilled sterile Eppendorf™ tubes, for electro-transformation
(see Note 6).

3.1.2 Preparation of

Linearized Plasmid

Containing Target Gene

Prior to electroporation, the plasmid should be ready in accordance
with the following procedure.

1. The target gene fragment (Fig. 1) including the target adeno-
sine A2A (2-317) receptor [23] gene, a fragment of Saccharo-
myces cerevisiae derived from N-terminal α-Factor signal
peptide (α-Factor), an N-terminal FLAG-tag, and a C-terminal
His10-tag gene fragment were ligated by multi-PCR reactions.

2. Both the products from the PCR reaction and pPIC9K plasmid
were digested for 2 h at 37 �C by restriction enzymes BamHI-
HF and NotI-HF.

3. DNA gel electrophoresis was applied to both digested PCR
products and the pPIC9K plasmid and the resulting products
were purified via a QIAquik® Gel Extraction Kit.

4. The extracted PCR products and empty pPIC9K were then
ligated by T4 DNA ligase.

5. The plasmid thus obtained was amplified in XL 10-Gold®

ultracompetent cells and extracted by GenElute™ plasmid
miniprep kit.

6. The concentration of the extracted plasmid was next measured
using a NanoDrop™ 2000 spectrophotometer.

7. In accordance with the concentration of the extracted plasmid,
PmeI-HF was added and incubated for 2 h to fully linearize the
plasmid.

Fig. 1 Gene fragment inserted into the pPIC9K vector, containing the target
gene, surrounded by α-Factor signal peptide, FLAG-tag, and His6-tag
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8. PmeI-HF enzyme was denatured at 80 �C for 30 min (Note:
This step is OPTIONAL).

9. The linearized plasmid was then precipitated by 70% ethanol
(see Note 7).

10. The precipitated DNA was then micro-centrifuged for 1 min at
13,000 � g.

11. The supernatant was discarded and the precipitated linearized
DNA was dried under a fume hood or vacuum for 20–30 min.

12. The linearized DNA was dissolved in distilled water to a final
concentration of 500–1000 ng/μL.

3.1.3 Electroporation The electroporation method was used to achieve multi-copy inser-
tion of the plasmid.

1. 5–10 μg (about 10 μL) linearized plasmid was gently mixed
with 80 μL freshly prepared P. pastoris competent cells and kept
on ice for 5 min before electroporation.

2. The mixture of plasmids and competent cells was transferred to
a prechilled 2 mm electroporation cuvette.

3. Electroporation was performed on a Gene Pulser II.

4. The electroporation conditions were 1500–2000 V charging
voltage, 25 μF capacitance, and 400 Ω resistance (see Note 8).

5. 1 mL ice-cold 1 M sorbitol was immediately added to the
transformation cuvette.

6. The sample was then transferred to a sterile 14 mL round-
bottom tube and incubated for 2–3 h at 30 �Cwithout shaking.

7. 200 μL of medium containing transformed plasmids was spread
on YNBD plates, and incubated for 3–5 days until colonies
appeared.

3.2 High-Yield

Transformant

Screening

The screening to obtain a desirable transformant was carried out in
two stages, that is, high-copy transformants screening and high-
yield expression transformants screening. The main procedure for
screening high-copy transformants was in accordance with the
previous publication [31] in addition to a secondary screening
cycle to increase the probability of high-copy transformants.

3.2.1 Two-Stage

Screening Approach for

High-Copy Transformants

1. After 3–5 days incubation at 30 �C, the transformants typically
appeared on histidine-deficient YNBD plates with the number
of colony-forming units (CFU) varying from hundreds to
thousands.

2. The transformants were then inoculated individually onto YPD
plates containing 0.1 mg/mL G418 for an additional 3–5 days
incubation at 30 �C.
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3. The colonies were subsequently transferred to YPD plates with
2 mg/mL G418 for an additional incubation period of
5–7 days; transformants were then transferred onto YPD plates
containing 4 mg/mL G418 and incubated for an additional
5–7 days (see Note 9).

4. The colonies with high-copy target-gene integration can be
easily judged from colony size/morphology.

5. The colonies resistant to high concentrations of G418 were
selected to make competent cells for second-cycle screening (see
Note 10).

6. The secondary electro-transformation was performed using a
high-copy transformant from the first cycle screening to make
competent cells.

7. After transformation, the secondary transformants were
directly spread onto YPD plates with different G418 concen-
trations (2 mg/mL and 4 mg/mL), rather than YNBD plates
(see Note 11).

8. The colonies that grew on 4 mg/mL G418 YPD plates were
further transferred onto 6 mg/mL G418 YPD plates for an
additional 5–7 day incubation period.

9. 10–15 high-copy colonies were picked from YPD plates con-
taining 6 mg/mL G418 for further expression to screen high-
yield transformants (Fig. 2).

Fig. 2 The secondary screening plates containing different concentrations of G418 (a) and immunoblot images
for crude expression screening of colonies chosen from 6 mg/mL G418 plates (b)
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3.2.2 High-Yield

Transformants Screening

via Immunoblotting

1. 10–15 different single colonies from YPD plates containing
6 mg/mL G418 were inoculated into 5 mL BMGY medium
in 14 mL falcon tubes, and were cultured at 30 �C for at least
24 h with shaking (275 rpm) until an OD600 between 2 and 6
was obtained.

2. The medium was then transferred into 250 mL BMMY media
in Erlenmeyer flasks and was further cultured at 22 �C for 60 h
(275 rpm) (see Note 12).

3. During cell growth, 0.5% methanol was added every 18 h to
induce receptor expression.

4. At the end of induction, the cell pellets were collected after
centrifugation at 4000 � g for 15 min.

5. The cell pellets were washed once using buffer P1.

6. The cell pellets were resuspended into lysis buffer P2 and left at
room temperature for 1 h (see Note 13).

7. The cell pellet suspensions were then vortexed at 2000 rpm for
2 h at 4 �C in the presence of a slurry of 5 mm glass beads.

8. The disrupted cell pellets were centrifuged at 8000 � g for
30 min at 4 �C to discard unbroken cells and cellular debris.

9. The supernatant containing cell membrane was collected and
directly applied to immunoblotting membrane.

10. Immunoblotting was performed by anti-His6-peroxidase.

11. 1 μL of the supernatant was blotted on nitrocellulose mem-
brane and allowed to dry (see Note 14).

12. The membrane was placed in blocking buffer for 1 h at room
temperature.

13. The membrane was then transferred to incubation buffer con-
taining anti-His6-peroxidase antibody (1:2000) at room tem-
perature for 2 h.

14. The membrane was then washed three times with washing
buffer, followed by distilled water.

15. The membrane was visualized by reacting with BM Blue POD
substrate (see Note 15).

3.3 Ligand Column

Synthesis

Obtaining functional receptor is critical for NMR studies. For this
purpose, affinity purification using a column with immobilized
ligand is the key to removing misfolded receptor. The synthesis of
an XAC ligand (xanthine amine congener, a functionalized antago-
nist) column for the adenosine A2A receptor was closely followed
from the protocols proposed by Nakata et al. and Grisshammer
et al. [32, 33] with slight modification, as described below:

1. 0.01 mmol XAC (4.285 mg) was dissolved in 10 mL of DMSO
(see Note 16).
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2. Prior to XAC addition, Affi-Gel® 10 was washed extensively (at
least 20�) with ice-cold isopropanol and then briefly with
DMSO (see Note 17).

3. The moist gel cake was immediately resuspended in 120 mL
DMSO containing 51 mg XAC.

4. The gel suspension was incubated at room temperature over-
night with slow continuous rotation/shaking.

5. The reaction was stopped by washing the gel with DMSO
extensively.

6. The gel was further washed sequentially with distilled H2O,
1 M Tris, and distilled H2O.

7. The washed gel was incubated with 200 mM Tris acetate
buffer, pH 8.0, for 24 h at 4 �C.

8. The gel was then washed with distilled water extensively.

9. Finally, the XAC-agarose was stored at 4 �C in 0.02% NaN3.

10. The amount of covalently bound XAC was estimated by moni-
toring the absorbance at 310 nm in 0.01 NHCl in comparison
to that of the starting XAC solution.

3.4 Cell Culture and

Induced Expression

1. The high yield transformant was streaked from a glycerol stock
onto YPD agar plates and was incubated for 3–5 days until clear
single colonies appeared on the plates.

2. A single colony was inoculated in 4 mL YPD broth at 30 �C
with shaking at 275 rpm overnight (usually 12–14 h).

3. The cells were then transferred into the 200 mL BMGY
medium and cultured at 30 �C for about 20–24 h until the
OD600 reached 2–6.

4. The cell pellets were spun down at 4000 � g for 15 min, and
were resuspended in the 1 L BMMY medium to begin expres-
sion under induction with methanol at 20–22 �C.

5. 0.5% methanol was added every 18 h to continue induction of
receptor expression.

6. After 60 h methanol induction, cell pellets were harvested for
receptor purification.

3.5 Membrane

Preparation, 19F

Labeling, and

Functional Purification

1. The cell pellets were washed one time with buffer P1.

2. Harvested cells were suspended in 4 mL of Lysis buffer P2 at a
ratio of 1:4 (seeNote 18) and left at room temperature (20 �C)
for 1 h.

3. Yeast cell walls were further disrupted by the addition of 5 mm
glass beads to the resuspended cells and vortexing at 4 �C for
2 h.
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4. Intact cells and cell debris were separated from the membrane
suspension by low-speed centrifugation (8,000 � g, 30 min,
4 �C).

5. The supernatant was collected and centrifuged at 100,000 � g
for 1 h.

6. The cell pellet was dissolved in 25 mL buffer P3 under contin-
uous shaking for about 1–2 h, at 4 �C, until complete resus-
pension was achieved.

7. TALON® Metal Affinity Resin was washed with distilled water
twice and with binding buffer P4 once, then combined with
the resuspended membrane under gentle shaking for at least
2 h at 4 �C.

8. The suspension was then centrifuged at 4 �C to collect A2AR
conjugated TALON®Metal Affinity Resin at 500� g for 2 min
(see Note 19).

9. The A2AR-conjugated resin was washed extensively (at least
5�) with buffer P4þ1 to remove nonconjugated receptor
and impurities in solution.

10. The mixture of TALON® resin and supernatant was incubated
at 4 �C on a shaker for 30 min with 100 μM Tris (2-carbox-
yethyl)phosphine hydrochloride (TCEP).

11. The TCEP was washed out immediately with buffer P4þ1
twice, and the receptor was resuspended in P4þ1 buffer.

12. 200 μM 19F tag (BTFMA) was added into the solution, and
incubated at 4 �C on a shaker for 6 h under nitrogen.

13. The solution was washed once with buffer P4þ1 and another
aliquot of 19F tag was added. The solution was then incubated
for an additional 6 h.

14. A2AR-conjugated Talon resin was loaded on an empty column,
washed with 10� bed volumes of buffer P5, and the apo A2AR
was eluted with at least 5� bed volume of buffer P6.

15. The eluate containing apo-state A2AR was concentrated to
5 mL.

16. The NaCl and imidazole concentrations in the solution were
decreased by the addition of 15 mL buffer P7.

17. The XAC-agarose gel was washed with distilled water twice,
and equilibrated with buffer P7.

18. The receptor was then incubated with XAC-agarose gel for at
least 1 h with gentle shaking at 4 �C to allow for A2AR binding
to XAC agarose.

19. A2AR-conjugated XAC agarose was packed on a disposable
column.

20. The column was washed with buffer P7 for 2� column
volumes to remove non-bound receptor.
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21. A2AR was then eluted with 10� bed volumes of buffer P8.

22. The eluted samples were concentrated into 30–40 mL.

23. See Note 20 for alternatives to the steps described below.

24. The sample was combined with TALON® resin which was then
incubated for 2 h with the functional purified A2AR.

25. The functional A2AR-conjugated resin was packed on a column
and washed extensively with buffer P5 (at least 10� column
volumes) to remove all theophylline (see Note 21).

26. Functional apo A2AR was then eluted out by buffer P6.

27. Functional apo A2AR was concentrated into 1–2 mL and dia-
lyzed twice against Buffer P5 with dilution factor of 1 � 106.

28. Functional apo-A2AR can now be prepared for NMR samples
or other biophysical measurements.

4 Notes

1. The modified vector has a BamHI restriction site in front of the
α-Factor, and a NotI restrict site following his-tag; refer to
Fig. 1.

2. A methylotrophic yeast P. pastoris protease-deficient strain—
SMD1163 (Δhis4, Δpep4, Δprb1), which is deficient in both
proteinases A (encoded by pep4) and B (encoded by prb1)
genes, was used as an expression host system.

3. The strain was kept in 15% glycerol stock. The normal cultured
cells should emit a fragrant smell.

4. Complete cell dispersal can be achieved by gently pipetting up
and down during wash. Cell pellets should always be kept on
ice.

5. At this point, the cell solution is very viscous and quite difficult
to pipette by a micropipettor. However, this viscous condition
is needed. Cells should not be diluted by adding more ice-cold
sorbitol.

6. To reach high efficiency, always make fresh P. pastoris compe-
tent cells for electro-transformation.

7. At this point, linearized DNA can usually be seen by visual
inspection after ethanol addition.

8. During electroporation, quickly wipe off moisture from the
cuvette and insert into the electroporation device.

9. In this process, the same colonies were re-transferred onto grid
plates with different concentrations of G418. For instance, the
same colony will be simultaneously transferred onto plates
containing 2 mg/mL and 4 mg/mL G418, respectively. As
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different colonies will have unique copies of the gene of inter-
est, the different survival probabilities for distinct colonies will
be easily used for judging the copy number of colonies. It
should be noted the procedures of making the secondary com-
petent cells and electroporation were the same as in the first
electroporation step.

10. Note the procedures for making the secondary competent cells
and electroporation are unchanged from the first electropora-
tion step.

11. Usually, hundreds of CFUs will appear on plates containing
4 mg/mL G418 at this stage, in contrast to the first-cycle
screening where directly spreading the medium onto plates
with 4 mL/mL G418 produces no visible colony.

12. Keep the temperature at 20–22 �C to increase the yield of the
functional receptor.

13. Ensure the sample is left at room temperature to optimize
Zymolyase activity and ensure cell walls are disrupted. Alterna-
tively, you can use lyticase instead of Zymolyase.

14. Nitrocellulose membranes are essential as PVDF membranes
are not suitable for immunoblotting with supernatant applied
directly onto the membrane.

15. Different transformants will give rise to different intensities for
the immunoblots and the transformant showing strongest
intensity should be used for further expression.

16. MW of XAC is 428.5. The XAC concentration is 1 mM when
dissolved in 10 mL of DMSO. For 20 mL of Affi-Gel® 10,
51 mg XACmust be dissolved in 120 mLDMSO. Note 12 mL
XAC in DMSO for 1 mL of packed gel.

17. Keep the temperature at 10 �C; otherwise, DMSO and Affi-
Gel® 10 will be freeze below this temperature.

18. 1 g cell pellets were resuspended in 4 mL Lysis buffer.

19. Do not exceed 1000 � g; otherwise the resin will be crushed.
Refer to the manual for different resins from different
suppliers.

20. The following steps can be alternatively replaced by extensive
dialysis against buffer P6.

21. This and subsequent steps are required to return the receptor
to an apo state.
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