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23 SUMMARY:
24 We here present a proven and tested protocol for the purification of chloroplast protein import
25  complexes (TOC-TIC complex) using the TAP-tag. The one-step affinity-isolation protocol can
26  potentially be applied to any protein and be used to identify new interaction partners by mass
27  spectrometry.
28
29  ABSTRACT:
30 Chloroplast biogenesis requires the import of thousands of nucleus-encoded proteins into the
31 plastid. The import of these proteins depends on the translocon at the outer (TOC) and inner
32  (TIC) chloroplast membranes. The TOC and TIC complexes are multimeric and probably contain
33  yet unknown components. One of the main goals in the field is to establish the complete
34  inventory of TOC and TIC components. For the isolation of TOC-TIC complexes and the
35 identification of new components, the preprotein receptor TOC159 has been modified N-
36 terminally by the addition of the tandem affinity purification (TAP) tag resulting in TAP-TOC159.
37 The TAP-tag is designed for two sequential affinity purification steps (hence “tandem affinity”).
38 The TAP-tag used in these studies consists of a N-terminal 1gG-binding domain derived from
39  Staphylococcus aureus Protein A (ProtA) followed by a calmodulin-binding peptide (CBP).
40 Between these two affinity tags, a tobacco etch virus (TEV) protease cleavage site has been
41  included. Therefore, TEV protease can be used for gentle elution of TOC159-containing
42  complexes after binding to IgG beads. In the protocol presented here, the second Calmodulin-
43  affinity purification step was omitted. The purification protocol starts with the preparation and
44  solubilization of total cellular membranes. After the detergent-treatment, the solubilized
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membrane proteins are incubated with 1gG beads for the immunoisolation of TAP-TOC159-
containing complexes. Upon binding and extensive washing, TAP-TOC159 containing complexes
are cleaved and released from the 1gG beads using the TEV protease whereby the S. aureus 1gG-
binding domain is removed. Western blotting of the isolated TOC159-containing complexes can
be used to confirm the presence of known or suspected TOC and TIC proteins. More importantly,
the TOC159-containing complexes have been used successfully to identify new components of
the TOC and TIC complexes by mass spectrometry. The protocol that we present potentially
allows the efficient isolation of any membrane-bound protein complex to be used for the
identification of yet unknown components by mass spectrometry.

INTRODUCTION:

Plants depend on chloroplasts for photosynthesis and photoautotrophic growth?®. The vast
majority of chloroplast proteins are encoded in the nucleus, synthesized in the cytosol and
imported into the chloroplast via the TIC and TOC complexes in the envelope membranes?. The
core of the TOC complex consists of the Toc75 protein-conducting channel and the two receptor
GTPases Toc33 and Toc1593. TOC159 is essential for the biogenesis of chloroplasts and mediates
the massive accumulation of photosynthesis-associated proteins®. The TIC complex consists of
the TIC20 protein-conducting channel as well as TIC110 and TIC4078. Recently, a 1MD protein
translocation complex at the inner envelope membrane was isolated and contained previously
unidentified components®, one of which was TIC56. We recently co-isolated TIC56 of the 1 MDa
complex using the TAP-TOC159 affinity purification protocol. The data indicated a structural
overlap between the “canonical” TOC/TIC complexes and the 1 MDa complex'®. Previously
unknown components such as KOC1 were also identified as new interaction partners of the TOC
and TIC complexes using the TAP-method described here®!,

Thus, the TAP-tag purification is an efficient method for the isolation of protein complexes and
the identification of interacting partners by subsequent mass spectrometric analysis'2. The TAP
tag consists of two IgG binding repeats separated from a calmodulin-binding peptide (CBP) by a
tobacco etch virus (TEV) protease cleavage site. The original method, consisting of an IgG-affinity
purification step followed by TEV cleavage and subsequent calmodulin-affinity chromatography
permitted the native purification of large and highly pure protein complexes'®4. We have
simplified the procedure and demonstrated that the TOC159-containing protein complexes can
also be purified efficiently using only the IgG-affinity purification step followed by TEV-cleavage
for elution®®. In our experience, the omission of the calmodulin-affinity step resulted in higher
yields and may therefore be appropriate for low abundance proteins.

In short, we engineered stable transgenic A. thaliana lines expressing TAP-TOC159 in the ppi2
(toc159 KO mutant) background and established it as a reliable source for the purification of TOC-
TIC complexes. The protocol for the isolation of the TOC-TIC complex starts with the
homogenization of the plant material in a detergent-free buffer. After centrifugation, the
supernatant is discarded. The pellet containing the total membrane fraction is solubilized using
a detergent-containing buffer. After an ultra-centrifugation step, the supernatant containing
solubilized TOC-TIC complexes is applied to the IgG-resin for affinity purification. After several
washing steps, elution is carried out using a TEV protease-containing buffer to selectively cleave
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downstream of the IgG-binding domains and gently release native TOC159-containing
complexes. The TEV eluate can be analyzed directly by Western blotting or mass spectrometry to
identify the interaction partners of TOC159%%1%1> The method has also been used to identify
post-translational modifications of TOC159%. In the future, native TOC159-containing complexes
may be used for structural studies using cryoelectron microscopy.

PROTOCOL:
1. Preparation of Arabidopsis Plants
1.1.  Prepare 1L of half strength of Murashige and Skoog (MS) medium including vitamins with

1% sucrose and adjust the pH to 5.7 with potassium hydroxide (KOH). Add 0.8% of phytoagar and
autoclave for 20 min at 120 °C.

1.2.  Pour 75 mL of MS medium per Petri plate (diameter 14.5 cm, height 3 cm) and allow the
solidification for 1 h.

1.3.  Add 30 mg of Arabidopsis thaliana seeds to a 1.5 mL microfuge tube, and surface sterilize
with 70% (v/v) ethanol containing 0.05% (v/v) Triton X-100 for 5 min, followed by 100% (v/v)
ethanol for 10 min. Remove the ethanol.

1.4. Transfer the seeds to sterile filter paper for drying. Sprinkle the sterilized seeds evenly
onto a MS plate (each genotype requires at least 8-10 plates), and seal each plate with surgical
tape.

1.5. Incubate the plates at 4 °C for two days in the dark to synchronize seed germination.
Transfer to a growth chamber with the following light cycle: 8 h of 120 umol m=2 s7! light, and 16
h of dark at 22-20 °C.

2. Preparation of HslgG Agarose Beads

2.1.  Suspend CNBr-activated agarose beads (4 g) in 100 mL of 1 mM HCI and incubate for 30
min at room temperature.

2.2.  Transfer the agarose beads into a sintered glass filter, wash under vacuum with 100 mL
of 100 mM HCI and repeat 2-3 times.

Note: Precool the wash solution to 4 °C.
2.3.  Resuspend the agarose beads in 1 mL of cold 100 mM HCI and transfer to a 50 mL conical
centrifuge tube. Wash the sintered glass filter with 3 mL of 100 mM HCI and transfer the liquid

to the same tube.

2.4. Spin at 400 x g for 5 min at 4 °C and remove the supernatant with a pipette.
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Note: Do not decant the tube.

2.5. Resuspend the beads in 50 mL of coupling buffer (Table 1); mix briefly, and then spin at
400 x g for 5 min at 4 °C.

2.6. Dissolve 50 mg of lyophilized Homo sapiens 1gG (Hs-1gG) in 10 mL of coupling buffer, mix
the agarose beads gently, and incubate in rotary shaker overnight at 4 °C.

2.7. Spin at 400 x g for 5 min at 4 °C and remove the supernatant with a pipette.

2.8. Wash the IgG-agarose beads with 50 mL of coupling buffer and spin at 400 x g for 5 min
at 4°C.

2.9. Resuspend the IgG-agarose beads with 50 mL of blocking buffer (Table 1) and spin at 400
x g for 5 min at 4 °C. Repeat once.

2.10. Resuspend IgG-agarose beads in 50 mL of blocking buffer, rotate the mixture for 2 h at RT
and spin at 400 x g for 5 min at 4 °C.

2.11. Remove the supernatant and resuspend the IgG-agarose beads in 200 mL of NaCl coupling
buffer (Table 1).

2.12. To block any remaining cross-linking CNBr groups, wash the IgG-agarose beads with 100
mL of 0.1 M glycine—HCI, pH 2.8. Spin at 400 x g for 5 min at 4 °C and remove the supernatant.
Wash with 0.2 M glycine—HCI, pH 2.8, spin at 400 x g for 5 min at 4 °C and remove the
supernatant. Finally, wash the IgG-agarose beads with 200 mL of ultrapure water.

2.13. Wash the IgG-agarose beads with 200 mL of ultrapure water and then 200 mL of PBS
buffer (Table 1).

2.14. Resuspend the IgG-agarose beads in 20 mL of PBS buffer with 0.01% NaNs (sodium azide)
and store at 4 °C.

3. Isolation and Solubilization of the Membrane Fraction

3.1. Grind 10 g of three weeks old A. thaliana seedlings in liquid nitrogen using a cold mortar
and pestle with sand.

3.2. Add 20 mL of cold grinding buffer (Table 1) to 10 g of ground tissue, mix well, and thaw
onice.

3.3. Filter the homogenate through two layers of quick filtration material into a 50mL conical
centrifuge tube. Soak the quick filtration material with grinding buffer before filtration.
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3.4. Centrifuge the filtrate for 10 min at 1,500 x g at 4 °C and transfer the supernatant to a
chilled 50 mL conical centrifuge tube, repeat the same step one more time and collect the
supernatant. Retain a 200 uL sample of the “total fraction” and store at -80 °C for later analysis

3.5.  Transfer the supernatant to cold 38.50 mL ultracentrifuge tubes and top up to 35 mL with
cold grinding buffer. Centrifuge for 1 h at 100,000 x g at 4 °C in an ultracentrifuge.

3.6. Transfer the supernatant to a 50 mL conical centrifuge tube. Retain a 200 pL sample of
the “soluble fraction” and store at -80 °C for later analysis.

3.7. Re-suspend the green pellet using a glass teflon homogenizer, in grinding buffer.
Centrifuge for 1 h at 100,000 x g at 4 °C in an ultracentrifuge and discard the supernatant.

3.8. Resuspend the green pellet in 18.75 mL of 1x grinding Buffer using a glass teflon
homogenizer and add 9.375 mL of 1x grinding buffer.

3.9. Add 9.375 mL of 4x solubilisation solution (Table 1) (containing the TX-100 detergent) to
give 37.5 mL and incubate for 30 min on a “rotating shaker” at 4 °C.

3.10. Centrifuge for 1 h at 100,000 x g at 4 °C in an ultracentrifuge. Transfer the supernatant to
a 50 mL conical centrifuge tube. Retain a 200 pyL sample of the supernatant (future “load

fraction”) and store at -80 °C for later analysis.

3.11. Resuspend the pellet in 37.5 mL of grinding buffer. Retain the sample of insoluble part
and store at -80 °C

4, Immunoprecipitation

4.1. Equilibrate 100 pL of packed IgG-agarose resin in Buffer A (Table 1) and spin at 100 x g
for 5 min at 4 °C.

4.2. Remove the supernatant and resuspend the IgG-agarose resin in 100 uL of Buffer A at 4
°C.

4.3. Transfer the washed IgG-agarose resin to the 37.5 mL of solubilized membranes and
incubate overnight on a rotating shaker in a 50 mL conical centrifuge tube at 4 °C.

4.4. Sediment the IgG-agarose resin at 100 x g for 5 min at 4 °C and remove the supernatant
with a pipette. Retain a 200 pL sample of the “flow through” and store at -80 °C for later analysis.

4,5. Wash the IgG-agarose resin in 37.5 mL of Buffer A and incubate for 10 min on a rotating
shaker.



221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

4.6. Sediment the IgG-agarose resin at 100 x g for 5 min at 4 °C, remove the supernatant with
a pipette, add 5 mL of grinding Buffer A to a 15 mL centrifuge tube and centrifuge at 100 x g, 4
°C, 5 min. Retain a 200 pL sample of the “Wash 1” and store at -80 °C for later analysis.

4.7. Repeat the 5 mL washing step three times with Buffer A.

4.8. Carry out the last two washing steps without the inhibitors (NaF, Protease inhibitor and
PMSF)

Note: Inhibitors are no longer required at this stage and omitted to reduce cost. Retain a 200 pL
sample of the last washing step “final wash (W6)” and store at -80 °C for later analysis.

4.9. Transfer the IgG-agarose resin to a 500 pL spin column with a 35 um filter and wash the
beads twice with 300 uL of TEV elution buffer (Table 1) (not containing AcTEV) for equilibration.
Close the spin column.

4.10. Add 300 pL of TEV elution buffer containing 50 units (10 pL) of AcTEV. Prepare the mix in
a tube before adding to the resin.

4.11. Incubate the spin column with beads in a thermomixer at 16 °C, 350 rpm for 2 h. Invert
the column gently several times every 30 min.

4.12. Open the spin column, place it in a new clean 1.5 mL tube and spin at 100 x g for 5 min at
4 °C to collect the eluate.

4.13. Dry (forinstance) 10% (v/v) of the eluted sample (~25 uL) in a centrifugal evaporator and
use for mass spectrometry or other further analysis.

4.14. Aliquot the remaining eluate (~275 pL) divided in to eleven 1.5 mL centrifuge tubes (25
uL each), dry in a centrifugal evaporator, and store at -80 °C.

4.15. Analyze the samples retained throughout the procedure as well as the eluates by
standard SDS-PAGE followed by immunoblotting. For sample preparation, precipitate 50 ug of
Total (T), Load (L), Flow through (FT), Wash 1 (W1) and 200 pL of Wash 6 (W6) by
chloroform/methanol extraction?®.

4.16. Add 10 pL of 2x SDS-PAGE loading buffer (Table 1) to the precipitated samples and 25 pL
of eluted dried sample. Vortex and boil for 10 min at 95 °C in a heat block.

4.17. Analyze Total (T), Load (L), Flow through (FT), Wash 1 (W1), Wash 6 (W6) and Elution (E)
by immunoblotting using anti-TOC159 antibodies to determine the efficiency of the isolation
procedure.

REPRESENTATIVE RESULTS:
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We here described a protocol for the purification of a TAP-tagged chloroplast envelope protein
complex from transgenic A. thaliana plants. As shown in Figure 1A, plants expressing the
35S:NTAP-TOC159 construct were used to isolate this complex while plants expressing the
35S:NTAP construct were used as a control. Figure 1B shows detailed steps of the purification of
TAP-TOC159 protein complexes followed by mass spectrometry to allow the identification of
interacting proteins. The immunoblot analysis (Figure 2, right side) confirms that isolated TAP-
TOC159 interacts with TOC75 and TOC33 of the TOC complex. The chloroplast outer membrane
kinase KOC1 known to phosphorylate TOC159 also co-isolated with the TAP-TOC159 complex
(Figure 2B, right side). The presence of TIC110 reveals that the isolated TAP-TOC159 complex also
contains the components of the TIC complex. The FBN1A antibody raised against a plastoglobule
protein unrelated to protein import did not recognize the TAP-TOC159 complex indicating the
absence of contaminations. In the negative control, immunoprecipitated NTAP protein did not
co-isolate with any of the TOC-TIC proteins (Figure 2, left side) and confirms the specificity of the
TAP-TOC159 purification.

FIGURE AND TABLE LEGENDS:

Figure 1. Scheme of the constructs and affinity purification procedure. (A). The 35S:NTAP-
TOC159 construct, encoding NTAP-TOC159 was stably expressed in Arabidopsis thaliana.
Negative control plants expressed the 35S:NTAP construct, encoding the TAP-tag alone. (B). The
step wise affinity purification protocol consists of membrane isolation and solubilization, IgG
agarose immuno-purification, washes, TEV protease cleavage and elution.

Figure 2. Tandem affinity purification of the TOC159 protein. N-terminally TAP-tagged TOC159
was purified from NTAP-TOC15:ppi2 Arabidopsis plants and TAP protein purified from TAP:WT
plants was used as a negative control. Total protein extracts (T), solubilized membrane proteins
= load fraction (L), flow through (FT), first and last wash fractions (W1 and W6) and 10% of the
TEV eluate were analyzed by Western blotting. The membrane was probed with the antibodies
against TOC159 (AT4G02510), TOC75 (AT3G46740), TOC33 (AT1G02280), KOC1 (AT4G32250),
TIC110 (AT1G06950), and FBN1A (AT4G04020).

Table 1. Buffer recipes.

DISCUSSION:

We demonstrated that a single step TAP tag purification is a specific and efficient method for the
purification of the Arabidopsis TOC-TIC complex. Although the TAP-tag would allow two
successive purification steps (IgG- followed by calmodulin affinity purification after TEV protease-
cleavage), we believe that in many cases the first affinity step followed by TEV protease cleavage
will be sufficient. Our target, TOC159, is low abundant and the inclusion of the second
calmodulin-affinity step excessively diminished the protein yield which was the main reason for
excluding it from our present protocol. The TEV-elution in itself is a highly specific and gentle
purification step that will only release the TAP-tagged target together with associated interaction
partners while contaminating the proteins sticking non-specifically to the IgG resin will remain
there. Thus, in combination with the IgG-affinity step, the TEV elution results in a sufficiently
efficient purification for our and probably many others’ purposes.
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Care must be taken that the TAP-tagged construct is fully functional in vivo. TAP-tagging could
have potentially deleterious effects on protein activity, stability or localization. TOC159 consists
of three domains, the N-terminal acidic domain, the central GTP-binding domain and C-terminal
membrane domain, that anchors TOC159 in the outer chloroplast membrane?. To avoid potential
interference with membrane insertion, we fused the TAP-tag to the N-terminus of TOC159.
Fusion to the N-terminus is rather the exception than the rule. Many proteins contain N-terminal
targeting information and should therefore by tagged at the C-terminus. We assured that TOC159
is functional in vivo by complementation of the ppi2 mutant (an albino mutant lacking TOC159)
with TAP-TOC159. The rescue of the green, wild type phenotype indicated that TAP-TOC159 was
functional®>.

The purification protocol was used to identify new interaction partners of TOC159, that included
KOC1 and TIC56%1%, In total, around 30 proteins were associated with the complex suggesting
that new interaction partners will be isolated and characterized in the near future. While we
highly recommend the TAP-tag for complex purification, we would still like to point out that
additional versions to the one presented here exist and may be very useful for some applications.
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Table

Table of buffers
Coupling Buffer

Blocking Buffer

PBS Buffer

NaCl coupling Buffer

2X grinding Buffer

4X solubilisation solution

Buffer A

TEV elution Buffer

2x SDS-PAGE loading Buffer

Click here to access/download;Table;Table1 R1 .xlsx %

NaHCO;

Adjust to pH 8.5 adjust pH with
0.1 M Na,CO,

Tris—HCI
Adjust to pH 8 with HCI.

Na,HPO,
KH,PO4
NaCl

KCl
Adjust to pH 7.3 with HCI.

Coupling buffer
NacCl

Tris-HCl, pH 7.5 with HCI.

NacCl

NaF

PMSF

Plant protease inhibitor cocktail

Glycerol
Triton-X100

2X grinding Buffer
1X grinding Buffer
4X solubilisation solution

Tris-HCI, pH 8 with HCI
EDTA, pH 8 with HCI
NacCl

Glycerol

Triton-X100

DTT

Tris-HCl pH 6.8 with HCI
SDS
Glycerol

Bromophenol blue
DTT

100 mM

100 mM

4.3 mM
1.4 mM

137
2.7

1M

100 mM
200 mM
5mM
1mM
0.20%

40%
3%

100 ml
50 ml
25 ml
25%

50 mM
0.5 mM
100 mM
10%
0.75%
1mM

0.1M
4%
20%
0.20%
0.2M
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Table of Materials

Name of Material/ Equipment
NaHCO;
Tris
Na,HPO,
KH,PO,
NaCl
NaF
PMSF
Plant protease inhibitor cocktail
Glycerol
Triton X100
Glycine
EDTA
Dithiothreitol (DTT)
SDS
Bromophenol blue
HCI
Sucrose
Murashige and Skoog medium with vitamins
Phytoagar
Petri plate
1.5 mL microfuge tubes
Ethanol
Filter paper
Surgical tape
CNBr-Activated agarose beads (sepharose 4B)
Sintered glass filter
Centrifuge tube 50 mL
Purified immunoglobulin G (HslgG)
Rotating shaker
NaNj; (sodium azide)

Quick filtration material (Miracloth)

Company
PanReac AppliChem

Biosolve
Sigma
PanReac AppliChem

PanReac AppliChem
Sigma

PanReac AppliChem
Sigma

PanReac AppliChem
Roche

PanReac AppliChem
Carl Roth

PanReac AppliChem
PanReac AppliChem
Sigma

VWR

PanReac AppliChem
Duchefa Biochemie
Duchefa Biochemie
Greiner Bio-one
Sarstedt

Fisher chemical
Whatman

3M

GE Healthcare
DURAN

TPP

MP Biomedicals
IKA

Sigma
Merk-Millipore

Click here to access/download;Table of Materials;Materials R1.xls

Catalog Number
A0384

0020092391BS
S$7909

A2946

A2942
$1509
A0999
P9599
A0970
10789704001
A1067
8043
Al101
A0675
B0126
20252-290

A3935
M0222

P1003
639102
72.706
E/0600DF/15
10311804
1530-1
17-0430-01
2515703
91050
855908
4016000
71290

475855

Comments/Description

Toxic
Toxic

Corrosive

Toxic

*
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Ultracentrifube XNP-80

Rotor SW 32 Ti

Ultracentrifuge tubes

Glass teflon homogenizer (Potter)
Spin column (Mobicol)

Filter 35um for spin column (Mobicol)
AcTEV

Centrifugal evaporator (Speed Vac)
FBN1A(PGL35) antibody

Sand, Fontainebleau

Beckman Coulter
Beckman Coulter
Beckman Coulter
Wheaton

Mo Bi Tec

Mo Bi Tec
Invitrogen
Eppendorf
AgriSera

VWR

A99839

369650

326823

357426

M1003

M513515

12575-015

5305000100

AS06 116 RRID:AB_2247012
27460.295
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: . . N ] S !
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ltem 1: The Author elects to have the Materials be made available (as described at
http://www.jove.com/publish) via:
DStandard Access Z/Open Access

Item 2: Please select one of the following items:

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

I:IThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work"” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

612542.6

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3, Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JOVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5 Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11, JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification, The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shallinclude JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:

Fe(m kesslex
Department: : : .

Lo bevatory 6F Planr plwsiclog |
Institution: - ) & <

Uhnivers: Hd of  Meuchaiel
Title: P'{GFQSS e
Signature: LE/{/;( Cm/&f" Date: [& M(jaq 2/675

[

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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O
UNIVERSITE DE
NEUCHATEL

Institut de biologie

Neuchétel, August 9, 2018

Rue Emile-Argand 11
CH-2000 Neuchétel

Felix Kessler
Professor
felix.kessler@unine.ch
032 718 22 92

Ref.: JoVE58532
Dear Dr. Bing Wu,

Thank you for providing us with your comments. We have now improved the manuscript
and reply your comments in this document.

We hope that the improvements of our manuscripts are satisfactory.

Yours sincerely,

+. W

Felix Kessler

FACULTE DES SCIENCES

Institut de biologie

Secrétariat

Rue Emile-Argand 11
CH-2000Neuchétel

Tél: +41 (0)32 718 30 00
Fax : +41 (0)32 718 30 01 www.unine.ch/biol
secretariat.biologie@unine.ch
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Editorial comments:

The manuscript has been modified and the updated manuscript, 58532_R1.docx, is attached
and located in your Editorial Manager account. Please use the updated version to make
your revisions.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are
no spelling or grammar issues.

We thoroughly checked the manuscript.

2. JOVE cannot publish manuscripts containing commercial language. This includes company
names of an instrument or reagent. Please remove all commercial language from your
manuscript and use generic terms instead. All commercial products should be sufficiently
referenced in the Table of Materials and Reagents. Examples of commercial language in your

manuscript include speedVac, Sepharose, Potter, etc.

We replaced all the commercial term into generic terms

3. Please use a single space between numerical values and their units.

Done it

4. Unfortunately, there are a few sections of the manuscript that show significant overlap with
previously published work. Though there may be a limited number of ways to describe a
technique, please use original language throughout the manuscript. Please revise line 36-38,

line 115-118, line 152-155.

We made an attempt to eliminate the overlaps



