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21  SUMMARY:
22  Development of a dual-functional conjugate of antigenic peptide and Fc-Ill mimetics (DCAF)
23 is novel for the elimination of harmful antibodies. Here, we describe a detailed protocol for
24  the synthesis of DCAF1 molecule, which can selectively block 4G2 antibody to eliminate
25 antibody dependent enhancement effect during Dengue virus infection.
26
27  ABSTRACT:
28  Elimination of harmful antibodies from organisms is a valuable approach for the intervention
29  of antibody-associated diseases, such as Dengue hemorrhagic fever and autoimmune
30 diseases. Since thousands of antibodies with different epitopes are circulating in blood, no
31 universal method, except for the dual-functional conjugate of antigenic peptide and Fc-llI
32 mimetics (DCAF), was reported to target specific harmful antibodies. The development of
33  DCAF molecules makes significant contribution to the progress of targeted therapy, which
34  were demonstrated to eliminate the antibody dependent enhancement (ADE) effect in a
35 Dengue virus (DENV) infection model and to boost the acetylcholine receptor activity in a
36 myasthenia gravis model. Here, we describe a protocol for the synthesis of a DCAF molecule
37 (DCAF1), which can selectively block 4G2 antibody to attenuate ADE effect during Dengue
38 virus infection, and illustrate the binding of DCAF1 to 4G2 antibody by an ELISA assay. In our
39 method, DCAF1 is synthesized by the conjugation of a hydrazine derivative of a Fc-lll peptide
40 and a recombinant expressed long a-helix with antigenic sequence through native chemical
41  ligation (NCL). This protocol has been successfully applied to DCAF1 as well as other DCAF
42  molecules for targeting their cognate antibodies.
43
44  INTRODUCTION:
45  Antibodies play important roles in humoral immune response for the neutralization of
46  pathogenic bacteria and viruses'. However, some antibodies exhibit harmful impacts to the
47  organisms, such as cross-reactive antibodies in the ADE effect during DENV infection and


https://www.editorialmanager.com/jove/download.aspx?id=1048678&guid=7d96d8ad-991f-4f1d-83bc-c2640dcaf602&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1048678&guid=7d96d8ad-991f-4f1d-83bc-c2640dcaf602&scheme=1

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

over-reactive antibodies in myasthenia gravis, which is an autoimmune diseases?3. ADE effect
is mediated by the cross-reactive antibodies that make the bridge to connect DENV and Fc
receptor presenting cells*>, while myasthenia gravis is caused by the excessive antibodies that
attack acetylcholine receptors between the cell-cell junctions in muscle tissue®’. Although
partially effective approaches have been developed to treat these diseases®®, undoubtedly
direct elimination of these harmful antibodies would make progress for the interventions.

Recently, DCAF molecules, which have dual-functional groups, have been developed for
targeted antibody blocking'®. DCAF is a long peptide that is composed of 3 parts: 1) an antigen
part that can specific recognize the cognate antibody, 2) an Fc-lll or Fc-IlI-4C tag for strongly
binding to the Fc region of the antibody to inhibit either Fc receptor or complement
component proteins, 3) a long a-helical linker that conjugates these two functional groups?°.
The linker part, designed from Moesin FERM domain, was optimized by Rosseta software to
ensure the antigen part and Fc-lll part in a DCAF molecule can bind to the Fab and Fc regions
of 1gG simultaneously. Four DCAF molecules have been synthesized to target 4 different
antibodies, among them DCAF1 was used to eliminate 4G2 antibody, which is a cross-reactive
antibody during DENV infection to contribute to ADE effect; and DACF4 was designed for the
rescue of acetylcholine receptors by blocking mab35 antibody in myasthenia gravis®.

In the present study, taken DCAF1 as the example, we showed the protocols for the synthesis
of DCAF molecule and the detection of the interaction between a DCAF and its cognate
antibody. The DCAF1 is semi-synthesized by NCL approach!!'4 which conjugates the
hydrazine derivative of a Fc-lll peptide and the expressed linker-antigen parts together. The
NCL approach has significant advantages over fully chemical synthesis and fully recombinant
expression for DCAF1 synthesis, because both these methods lead to low yield and high cost.
The current approach is not only the most cost-effective way to get the full-length DCAF, but
also can maintain the conformation of the linker part similar as its native form. Since different
DCAF molecules have similar sequences except for the antigen parts, our methods for DCAF1
synthesis and the interaction assay between DCAF1 and 4G2 antibody can be applied to other
DCAF molecules to targeted block their cognate antibodies as well.

PROTOCOL:

1. Chemical synthesis of the hydrazine derivative of a Fc-lll peptide

1.1. Converting 2-Cl-(Trt)-Cl resin to 2-Cl-(Trt)-NHNH: resin

1.1.1. Weigh 625 mg of 2-CI-(Trt)-Cl resin (0.25 mmol) into a 25 mL peptide synthesis vessel.
1.1.2. Add 5 mL of N,N-dimethylformamide (DMF) to the resin from the top of the vessel, put
the cap back, gently shake the vessel for 15 s and then drain it. Repeat DMF washing for two

more times.

1.1.3. Add 5 mL of dichloromethane (DCM) to the vessel, put the cap back, gently shake the
vessel for 15 s and then drain it. Repeat DCM washing for two more times.

1.1.4. Repeat step 1.1.2 three times.
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1.1.5. Use 6 mL of 50% (vol/vol) DMF/DCM to swell the resin for 30 min, and then drain it.

1.1.6. Transfer 6 mL 5% (vol/vol) NH;NH; in DMF to the reaction vessel, shake the mixture at
120 rpm, 30 °C for 30 min, and then drain the solution by vacuum pump.

NOTE: Add 0.3 mL of hydrazine hydrate to 5.7 mL of DMF to get 5% (vol/vol) NH,NH,. Freshly
prepare NH,NH: before use.

CAUTION: Hydrazine hydrate is a dangerous substance and may cause cancer. Wear a lab coat,
gloves and a mask. Perform the experiments in a fume hood.

1.1.7. Add 5 mL of DMF to the vessel, gently shake it for 15 s and then drain it.
1.1.8. Repeat step 1.1.6 and then wash the resin by repeating steps 1.1.2-1.1.4 for two times.

1.1.9. Add 6 mL of 5% (vol/vol) MeOH/DMF to the vessel, gently shake it for 10 min and then
drain it.

NOTE: This step is very important to ensure the unreacted sites on the resin are capped.
1.1.10. Wash the resin thoroughly by repeating steps 1.1.2-1.1.4.

1.1.11. Add 5 mL of DCM to the resin, shake it gently for 15 s and then drain it to obtain 2-Cl-
(Trt)-NHNH; resin.

NOTE: The resin becomes yellow or light green when the substitution is successful.
1.2. Peptide elongation

1.21.Add 1 mmol of the Fmoc-Ala-OH (934 mg) and 0.95 mmol of 1-
[bis(dimethylamino)methylene]-1H-1,2,3-triazolo-[4,5-b] pyridinium hexafluorophosphate 3-
oxide (HATU) (360 mg) into a 5 mL tube containing 3 mL of DMF.

CAUTION: Exposure to HATU can cause an allergic reaction. Wear a lab coat, gloves and a
mask.

1.2.2. Add 2 mmol of N,N-diisopropylethylamine (DIEA) (0.36 mL) to the dissolved solution
and vortex for 0.5-1 min.

NOTE: Critical Step: The activation should take no more than 5 min, as the activated amino
acids isomerize from the more active O-forms to the less active N-forms over time.

1.2.3. Add the activated Fmoc-Ala-OH to the reaction vessel containing the 2-CI-(Trt)-NHNH;
resin, prepared from step 1.1. Gently shake at 120 rpm, 30 °C for 20 min in a constant-
temperature shaker, and then drain the solution by vacuum pump.
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1.2.4. Add 5 mL of DMF to wash the resin, gently shake it for 15 s and then drain it.

1.2.5. Add 1 mmol of the Fmoc-Ala-OH (934 mg) and 0.95 mmol of 2-(6-chloro-1H-
benzotriazole-1-yl)-1,1,3,3-tetramethylaminium hexafluorophosphate (HCTU) (390 mg) into
a 5 mL tube containing 3 mL of DMF.

CAUTION: Exposure to HCTU can cause an allergic reaction. Wear a lab coat, gloves and a
mask.

1.2.6. Add 2 mmol of DIEA (0.36 mL) to the tube and vortex for 0.5-1 min to dissolve it.

1.2.7. Add the activated Fmoc-Ala-OH to the reaction vessel. Gently shake at 120 rpm, 30 °C
for 40-60 min in a constant-temperature shaker, and then drain the solution by vacuum pump.

1.2.8. Wash the resin by repeating the steps 1.1.2-1.1.4.

1.2.9. Add 4 mL of 20% (vol/vol) piperidine in DMF to the resin, gently shake it for 5 min at
room temperature and then drain the solution.

CAUTION: Pyridine is highly flammable and toxic. Perform the experiments in a fume hood.

1.2.10. Add another 4 mL of 20% (vol/vol) piperidine in DMF to the resin, gently shake it for
15 min at room temperature and then drain the solution.

1.2.11. Follow the steps 1.2.1-1.2.10 to couple and deprotect the Fmoc-Ala-OH, Fmoc-Thr-OH,
Fmoc-Cys-OH, Fmoc-His-OH and Fmoc-Ala-OH. Repeat steps 1.2.5-1.2.10 to couple and
deprotect the Fmoc-Trp-OH, Fmoc-Val-OH, Fmoc-Leu-OH, Fmoc-Glu-OH, Fmoc-Gly-OH and
Fmoc-Asp-OH.

1.2.12. Repeat steps 1.1.2-1.1.4 to wash the resin thoroughly.

1.2.13. Repeat step 1.1.3 to wash the resin and then vacuum-dry the resin for 5 min.

1.3. Cleavage of the hydrazine derived Fc-lll crude peptide

1.3.1. Add 12 mL of cocktails trifluoroacetic acid (TFA)/2,2'-(ethylenedioxy)diethanethiol
(DODT)/triisopropylsilane (TIPS)/H20 (92.5/2.5/2.5/2.5) to the resin, and then use a constant-
temperature shaker to cleave the peptide from the resin at 200 rpm, 37 °C about 2 h. Filter

the mixture into a 50 mL centrifuge tube.

1.3.2. Add 1 mL of cocktails into the resin to wash it and collect the filtrate into the 50 mL
centrifuge tube. Repeat two times.

1.3.3. Concentrate the mixture to 2 mL by a vaper rotor in a fume hood, and then add 20 mL
of precooled diethyl ether into the tube to precipitate crude peptides.

NOTE: The anhydrous ether should be precooled to 0 °C to avoid violent heat release, which
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may cause side reactions of the crude peptide.
1.3.4. Incubate the peptide precipitation at -20 °C for 1-2 h.

1.3.5. Centrifuge at 5,000 x g, 4 °C for 10 min and remove the solvent from the centrifuge
tube carefully.

1.3.6. Add 20 mL of precooled diethyl ether into the tube two times according to the steps
1.3.3-1.3.5 to wash the precipitation. Air-dry the peptide product in a watch-glass for about
15 min. Store the dried crude peptides at 4 °C for further analysis.

1.4. Purification of the hydrazine derivative of a Fc-lll peptide

1.4.1. Use the high-performance liquid chromatography (HPLC) system to purify the peptide
by a 30 min gradient elution (0-1 min, 5% B; 1-20 min, 50% B; 20-25 min, 85% B; 25-30 min,
85% B) at a flow rate of 1 mL/min.

NOTE: The column is in 4.6 mm ID, 250 mm length, packed with C-18 resin. Mobile phase A
consisted of 0.1% TFA in water, and mobile phase B consisted of 100% acetonitrile and 0.1%
TFA.

2. Protein expression and purification of linker and antigen parts
2.1. Plasmid construction

2.1.1. Synthesize the whole gene sequence that can express SUMO-linker-antigen (see Table
of Materials).

2.1.2. Cut 10 ng of PET-28a empty vector and 50 ng of the synthesized SUMO-linker-antigen
DNA fragment by using Ncol and Xhol in a 37 °C water bath for 3 h.

2.1.3. Purify the double-enzyme digested vector and DNA fragment by DNA Gel Extraction Kit.

2.1.4. Add 5 pL of DNA digested DNA fragment, 5 uL of digested vector, 1 uL of T4 DNA ligase,
2 ulL of 10x ligase buffer and 7 uL of ddH;0 to a reaction tube, and then incubate it overnight
at 16 °C.

2.1.5. Mix 10 pL of the ligation product from step 2.1.4 into 100 pL of competent cells (DH5a)
and put it on an ice bath for 30 min. Put the competent cells to a 42°C water bath for 90 s and
fast transfer it to an ice bath for 2 min. Add 800 mL of LB liquid medium (without antibiotics)
to the tube and shake it at 37 °C, 180 rpm for 1 h. Coat the competent cells onto a Kanamycin
LB plate to make them equally distributed, and put the plate into a 37 °C incubator overnight.

2.1.6. Pick 5 single colonies from the plate and culture the bacteria in 5 mL of LB medium in a
test tube using a 37 °C shaker.

2.1.7. Extract plasmids from the bacteria harvested from step 2.1.6 by using Plasmid
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Extraction Kit.

2.1.8. Send the plasmids for gene sequencing and choose the positive colony that can express
SUMO-linker-antigen fusion protein. Transform the positive plasmid to BL21(DE3)plysS
competent cells following step 2.1.5.

2.2. Protein purification

2.2.1. Pick a single colony of transformants from step 2.1.7 into 5 mL of LB liquid medium
containing kanamycin (50 pg/mL). Shake the cultures overnight at 200 rpm, 37 °C.

2.2.2. Inoculate 1 L of prewarmed LB medium containing kanamycin (50 pg/mL) in a flask with
5 mL of the overnight cultures, and grow at 37 °C with vigorous shaking, until the ODggo is 0.6.

2.2.3. Add isopropyl B-D-thiogalactoside (IPTG) into the medium to the final concentration of
0.4 mM, and shake the flask at 200 rpm overnight at 20 °C.

NOTE: Low temperature for protein induction is important to avoid inclusion body formation,
so make sure the temperature is no more than 22 °C.

2.2.4. After harvesting the cells, add 50 mL of lysis buffer to the cell pellets to resuspend the
cells. Sonicate the cell lysates twice for 5 min at 200 W, ultrasound 3 s, interval 3 s on ice.
Centrifuge it at 15, 000 x g for 30 min at 4 °C to collect the supernatants.

NOTE: The lysis buffer is composed of 50 mM NaH;P04, 300 mM NaCl, 10 mM imidazole.
Adjust the pH value to 8.0 by using NaOH.

2.2.5. Add 2 mL of the 50% Ni-NTA Sephorase, equilibrated by lysis buffer, to the cleared
supernatants and mix gently by shaking (200 rpm on a rotary shaker) at 4 °C for 1 h.

2.2.6. Load the lysate and Ni-NTA mixture into a column with the bottom outlet capped, and
remove bottom cap and discard the column flow-through.

2.2.7. Wash three times with 6 mL of wash buffer, and then elute the targeted protein 3 times
with 1.5 mL of elution buffer. Collect the eluate in one tube.

NOTE: The wash buffer is composed of 50 mM NaH;POa4, 300 mM NaCl, 30 mM imidazole.
Adjust the pH value to 8.0 by using NaOH. The elution buffer is composed of 50 mM NaH;POs4,
300 mM NacCl, 250 mM imidazole. Adjust the pH value to 8.0 by using NaOH.

2.2.8. Put the eluate into a dialysis bag in 1 L of 50 mM PBS at 4 °C to desalt the protein.
Replace new phosphate buffered saline (PBS) for 3 times.

2.3. Cleavage of the SUMO tag

2.3.1. Add 2 mL of Small Ubiquitin-Like Modifier (SUMO) tagged protein at the concentration
of 1 mg/mL, 1 mL of SUMO Protease (see Table of Materials), 1 mL of 10x SUMO Protease

6
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Buffer and 6 mL of ddH,0 to prepare the reaction solution.

NOTE: SUMO tag protein concentration is about 1 mg/mL. Excessive concentrations after
enzyme digestion may cause the coagulation of the protein.

2.3.2. Incubate the mixture for 12-16 h at 4 °C.
2.3.3. Centrifuge the mixture at 15,000 x g for 10 min at 4 °C and discard the aggregates. Add
0.5 mL of the 50% Ni-NTA slurry, equilibrated by 50 mM PBS, to the 10 mL cleared

supernatants and mix gently by shaking (200 rpm on a rotary shaker) at 4 °C for 60 min.

2.3.4. Load the lysate and Ni-NTA mixture into a column with the bottom outlet capped.
Remove the bottom cap and then save the flow through into a 15 mL centrifuge tube.

NOTE: Histagged SUMO protein is binding on the column. The linker-antigen part, which starts
with Cys for NCL reaction, is in the flow through.

2.3.5. Centrifuge the flow through at 15,000 x g for 10 min at 4 °C and discard the aggregates.
Purify the linker-antigen part using HPLC by a 25 min gradient elution (0-1 min, 5% B; 1-3 min,
15% B; 3-20 min, 45% B; 20-21 min, 85% B; 21-25 min, 85% B) at a flow rate of 1 mL/min.

NOTE: The column is in 4.6 mm ID, 250 mm length, packed with C-18 resin. Mobile phase A
consisted of 0.1% TFA in water, and mobile phase B consisted of 100% acetonitrile and 0.1%

TFA.

2.3.6. Collect the purified product from the HPLC, and then freeze-dry overnight to get the
linker-antigen product.

3. Assembling of DCAF1 by native chemical ligation
3.1. Conjugating Fc-lll peptide and linker-antigen part together

3.1.1. Weigh 1.8 mg (1 umol) of hydrazine derivative of a Fc-lll peptide into a 2 mL EP tube
and add 0.8 mL of 6 M GnHCl in 0.2 M NaH,PO4 (pH 3.0) solution to dissolve it by vortexing.

NOTE: 6 M GnHCl in 0.2 M NaH;POa (pH 3.0) solution is prepared by adjusting the pH value
with HCI or NaOH.

CAUTION: NaOH and HCl are highly corrosive. Wear a lab coat, gloves and a mask.

3.1.2. After centrifuging the tube at 7,200 x g for 1 min at room temperature, put the tube in
an ice-salt bath and use the magnetic stirring to agitate the solution for 15 min gently.

3.1.3. Add 40 pL of 0.5 M NaNO; to the solution to oxidize the hydrazine group. Gently agitate
the solution for another 15 min in the ice-salt bath.

3.1.4. Weigh and add 11 mg of purified linker-antigen part prepared from step 2.3 and 13.6
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mg of 4-mercaptophenylacetic acid (MPAA) into the reaction tube in the ice-salt bath, stir for
5 min, and then adjust the pH value to 6.8-7.0 at room temperature with 6 M NaOH.

NOTE: Adjusting the pH value to neutral is the critical step to initiate the ligation reaction.

3.1.5. After 12 h, add 0.4 mL of 0.1 M tris(2-carboxyethyl)phosphine hydrochloride (TCEP)
neutral solution (pH 7.0) to the reaction system and stir for 20 min to terminate the reaction.

NOTE: 0.1 M TCEP neutral solution (pH 7.0) is prepared by dissolving TCEP in 6 M GnHCl in 0.2
M NaH2POa (pH 3.0) solution, and using NaOH to adjust the pH value to 7.0.

3.1.6. Centrifuge the tube at 15,000 x g for 10 min, then analyze and purify the ligation
product with HPLC by a 26 min gradient elution (0-1 min, 5% B; 1-21 min, 45% B; 21-22 min,
85% B; 22-26 min, 85% B) at a flow rate of 1 mL/min. The expected yield for the ligation
reaction is over 50%.

NOTE: The column is in 4.6 mm ID, 250 mm length, packed with C-18 resin. Mobile phase A
consisted of 0.1% TFA in water, and mobile phase B consisted of 100% acetonitrile and 0.1%
TFA.

3.2. Desulfurization of the conjugate

3.2.1. Dissolve the conjugate (3.4 mg, 0.3 umol) prepared from step 3.1.6 in 50 uL of 6 M
GnHCl in 0.2 M NaH;PO4 (pH 7.0) solution.

3.2.2. Add 50 pL of 1 M TCEP, 10 pL of tBuSH and 5 uL of 0.1 M VA-044 solution to the above
mixture.

NOTE: 0.1 M VA-044 solution is prepared by dissolving 9.7 mg of VA-044 powder into 0.3 mL
of 6 M GnHCI in 0.2 M NaH;PO4 (pH 7.0) solution. The VA-044 solution should be prepared
freshly before use, as VA-044 is easily oxidized by exposure to air.

3.2.3. Adjust the final pH of the solution to 6.9 and keep the solutiomat 37 °C with stirring for
about 5 h.

3.2.4. Centrifuge the tube at 15,000 x g for 10 min and remove the insoluble substance.
Analyze and purify the ligation product with HPLC by a 26 min gradient elution (0-1 min, 20%
B; 1-21 min, 45% B; 21-22 min, 85% B; 22-26 min, 85% B) at a flow rate of 1 mL/min. The
expected yield for the desulfurization reaction is about 40%.

NOTE: The column is in 4.6 mm ID, 250 mm length, packed with C-18 resin. Mobile phase A
consisted of 0.1% TFA in water, and mobile phase B consisted of 100% acetonitrile and 0.1%
TFA.

3.3. Removal of Acm to get the final product DCAF1

3.3.1. Dissolve the peptide (1.35 mg, 0.11 pumol) prepared from step 3.2.4 in 200 pL of 32 mM

8



377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423

AgOAc, and then stir the reaction mixture at room temperature for 4 h.

3.3.2. Add 3 pL of 1M Dithiothreitol (DTT) in 6 M GnHCl in 0.2 M NaH;PO4 (pH 7.0) solution to
convert the silver thiolates on peptide to free thiols.

3.3.3. After violently stirring for 1 min, centrifuge the tube at 15,000 x g for 10 min to discard
the insoluble substance. Analyze and purify the final product with HPLC by a 26 min gradient
elution (0-1 min, 20% B; 1-21 min, 45% B; 21-22 min, 85% B; 22-26 min, 85% B) at a flow rate
of 1 mL/min. The expected yield for the Acm deprotection reaction is about 30%.

NOTE: The column is in 4.6 mm ID, 250 mm length, packed with C-18 resin. Mobile phase A
consisted of 0.1% TFA in water, and mobile phase B consisted of 100% acetonitrile and 0.1%
TFA.

3.4. After HPLC purification, freeze-dry the final product overnight, and dissolve the powder
in PBS (50 mM NaH;P04, 150 mM NacCl, pH 8.0). Centrifuge the tube at 15,000 x g for 10 min
at 4 °C and discard the pellet.

3.5. Adjust the concentrations of final product (from step 3.4) and linker-antigen part (from
step 2.3.6) to 10 uM, record the circular dichroism (CD) spectra from 260 to 195 nm of these
two products using a CD spectrometer at 25 °C with 1 mm path length.

NOTE: CD spectra are used to demonstrate the amount of a helical structure in the final
product is as similar as that in the recombinant expressed one.

4. Detection of the products by mass spectrometry

4.1. Separate the product from each chemical reaction by a 60 min gradient elution (0-8 min,
2% B; 8-10 min, 5% B; 10-35 min, 30% B; 35-50 min, 50% B; 50-52 min, 80% B; 52-58 min, 80%
B; 58-59 min, 2% B; 59-60 min, 2% B) at a flow rate of 0.300 pL/min with a nano-HPLC system
which is directly interfaced with the high resolution mass spectrometer.

NOTE: The analytical column is in 75 um ID, 150 mm length, packed with C-18 resin. Mobile
phase A consisted of 0.1% formic acid in water, and mobile phase B consisted of 100%

acetonitrile and 0.1% formic acid.

4.2. Operate the mass spectrometer in the full-scan mode and set the m/z range at 300-2,000
and resolution at 60,000.

4.3. Open the mass spectra data and find the peaks of the product in each step to confirm the
chemical reaction is successfully preformed.

5. ELISA assay of the interaction between DCAF1 and 4G2 antibody

5.1. Coat a 96-well microtiter plate with 1 pmol anti-GST antibody (see Table of Materials) in
100 pL of coating buffer/well, seal the plate and incubate it at 4 °C overnight on a shaker.



424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470

5.2. Block each well with 200 pL of 1% BSA in PBS, seal the plate and incubate it at room
temperature for 1 h on a shaker.

5.3. Wash each well 4 times by using PBS with 0.05% Tween 20.

5.4. Add the GST-fused antigen protein (0.05 pmol in 100 uL of blocking solution) to the wells,
seal the plate and incubate for 2 h at room temperature.

NOTE: GST-fused antigen protein is expressed in bacteria and purified by GSH Sepharose.
5.5. Repeat step 5.3 to wash the plate.

5.6. Add 1 pmol 4G2 antibody or 1 pmol 4G2 antibody plus the other ligands: antigen, Fc-llI
or DCAF1 at series amounts (0.1 pmol, 1 pmol, 10 pmol, 100 pmol and 1000 pmol) in 100 pL
of blocking solution/well, seal the plate and incubate 2 h at room temperature on a shaker.

5.7. Repeat step 5.3 to wash the plate.

5.8. Add Anti-mouse IgG, HRP-linked Antibody (1:20,000 dilution) in 100 pL of blocking
solution/well, seal the plate and incubate 30 min at room temperature on a shaker.

5.9. Wash each well 6 times by using PBS with 0.05% Tween 20.

5.9. Mix TMB reagent A and B 1:1 in volume immediately prior to use, add 100 uL/well, and
then incubate 30 min at room temperature in the dark.

5.10. Add 100 pL/well of stop solution, and use a plate reader to measure the ODaso values
for each well within 30 min.

6. ELISA assay of the interaction between Fc-lll and IgG molecule

6.1. Coat a 96-well microtiter plate with 1 pmol anti-CA antibody (see Table of Materials) in
100 pL of coating buffer/well, seal the plate and incubate it at 4 °C overnight on a shaker.

6.2. Repeat steps from 5.2 to 5.3.

6.3. Add the Fc-lll or Fc-llI-4C fused CA protein (0.01, 0.05, 0.1, 0.5 and 1 pmol in 100 pL of
blocking solution) to the wells, seal the plate and incubate for 2 h at room temperature.

NOTE: Fc-lll or Fc-111-4C fused CA protein is expressed in bacteria and purified by Ni-NTA.
6.4. Repeat the steps from 5.7 to 5.11 and check the results.
REPRESENTATIVE RESULTS:

The flowchart for the synthesis route by native chemical ligation in this article is shown in
Figure 1. Figures 2-6 show the chromatograms (A) and mass spectra (B) of chemical

10
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synthesized hydrazine derivative of a Fc-lll peptide, recombinant expressed linker and antigen
part, the purified product from NCL reaction, the purified product from desulfurization
reaction and the purified final product DCAF1, respectively. The chromatograms show the
purifies of all the products are over 90%, while the mass spectra indicate the molecular weight
of the product after each reaction. The deconvolutional molecular weights are also shown in
Figures 3-6, which reflect the accurate molecular weight of each product. Figure 7 shows the
principle of ELISA assay (A) and the results of antigen peptide, Fc-1ll and DCAF1 competitively
inhibiting 4G2 antibody binding. Both antigen peptide and DCAF1 significantly block 4G2
binding, whereas the Fc-lll peptide does not affect the antigen-antibody interaction.

FIGURE AND TABLE LEGENDS:

Figure 1. The workflow of the native chemical ligation method for the semi-synthesis of
DCAF1 molecule. First, the hydrazine derivative of a Fc-lll peptide is obtained by solid phase
peptide synthesis. Then, the SUMO tag fused linker and antigen part is expressed and purified
from bacteria, followed by the SUMO tag cleavage. After NCL reaction of the two fragments,
the product undergoes desulfurization and removing Acm groups to become DCAF1 molecule.

Figure 2. The chromatogram and mass spectrum of the hydrazine derivative of a Fc-lll
peptide. This figure shows that the LC profile of the purified peptide (A) and the mono-isotope
peak at m/z 915.92 matched the duple charged peptide (B). This figure has been modified
from reference 10, Figure 2.

Figure 3. The chromatogram and mass spectrum of the linker and antigen part. This figure
shows the LC profile of the purified fragment (A) and the deconvolutional molecular weight
of this fragment is calculated as 9429.0 from the mass spectrum (B). This figure has been
modified from reference 10, Figure S2.

Figure 4. The chromatogram and mass spectrum of the conjugation product by NCL reaction.
This figure shows the LC profile monitoring the ligation product at 0 h (top), 12 h (middle) and
the purified peptide (bottom) (A) and the deconvolutional molecular weight of this product
is calculated as 11227.0 from the mass spectrum (B). This figure has been modified from
reference 10, Figure S2.

Figure 5. The chromatogram and mass spectrum of the product after desulfurization
reaction. This figure shows the LC profile of the purified product (A) and the deconvolutional
molecular weight of this product is calculated as 11195.0 from the mass spectrum (B). This
figure has been modified from reference 10, Figure S2.

Figure 6. The chromatogram, mass spectrum and CD spectra of the DCAF1 molecule. This
figure shows the LC profile of the purified DCAF1 (A), the deconvolutional molecular weight
of this molecule calculated as 11053.0 from the mass spectrum (B) and the CD spectra of the
final product (solid line) and the linker-antigen part (dash line) in FCAF1. This figure has been
modified from reference 10, Figure 2.

Figure 7. ELISA assay of DCAF1 molecule. (A) The workflow of the sandwich ELISA assay. First
anti-GST antibody is coated on a well plate. Then GST-fused antigen peptide is incubated.
Then 4G2 antibody with different concentrations of DCAF1, antigen or Fc-lll is added for

11
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colorimetric analysis. (B) The ELSIA results of antigen, Fc-lll and DCAF1 demonstrating
inhibition effects of 4G2 binding using different ligand concentrations.

DISCUSSION:

The protocol here describes the semi-synthesis and detection of DCAF1 by using NCL
approach, which is shown in Figure 1. Briefly, the two fragments of DCAF1 are chemical
synthesized and recombinantly expressed, respectively; then, the full length DCAF1 molecule
is assembled, modified and purified. For the hydrazine derived Fc-lll fragment synthesis, using
low-capacity 2-Cl resin is quite important, because high-capacity has a negative effect for
hydrazine generation and leads to low yield of the product. The linker and antigen part are
expressed with SUMO tag for two reasons: first, SUMO tag can enhance the solubility of the
fusion proteins; second, SUMO protease is a conformation-recognized protease, which allows
the released product to start with Cys residue for the further ligation reaction. One of the
most critical steps in protein expression and purification is the SUMO protease cleavage. The
concentration of SUMO tag-fused protein should be adjusted to the proper range. A too high
or too low concentration would lead to protein aggregation or difficulty for the further
purification after digestion. Another critical step of this protocol is adjusting the pH value
during NCL reaction, which is based on thiol-ester exchange that should happen in neutral
buffer. Fine control of the pH value in the reaction buffer is helpful to enhance the ligation
efficiency.

This protocol is suitable for the synthesis of other DCAF molecules with different antigen
sequences, because the sequences of different DCAF molecules are quite similar and the
antigen part usually contributes little to the whole structure and nature of DCAF. For example,
we used this protocol to synthesize another three DCAF molecules to target their cognate
antibodies. Among them, DCAF4 was designed to block mAb35 antibody, which can neutralize
acetylcholine receptor and cause myasthenia gravis in a rat model. We used DCAF4 to reduce
the clinical symptoms in rat with mAb35-induced myasthenia gravis, and rescue the
acetylcholine receptor by inhibiting the complement component proteins.

The application of our technique is limited by several factors: first, the yield of DCAF molecule
synthesized by the current approach is low (usually less than 10%) due to the multiple
purification steps; second, antibodies with conformational determinants are difficult to target
by DCAF; third, DCAF may induce extra immune response in organisms compared to
traditional small compound drug. We envision that the application of this protocol to other
antibody-induced pathological conditions will help synthesize more DCAF molecules to
targeted eliminate harmful antibodies.
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Table of Materials

Name of Material/ Equipment
2-Chlorotrityl resin
1-[Bis(dimethylamino)methylene]-1H-1,2,3-
triazolo-[4,5-b]pyridinium
hexafluorophosphate 3-oxide
2-(6-Chloro-1H-benzotriazole-1-yl)-1,1,3,3-
tetramethylaminiumhexafluorophosphate
2,2" -Azobis[2-(2-imidazolin-2-yl)propane]
dihydrochloride
4G2 antibody
4-mercaptophenylacetic acid
96-well microtiter plates
Acetonitrile
AgOAcC
anti-GST antibody
Anti-mouse 1gG, HRP-linked Antibody

BSA

CD spectrometer

dialysis bag

Dichloromethane

diethyl ether

DNA Gel Extraction Kit
Fusion Lumos mass spectrometer
GSH Sepharose

Guanidine hydrochloride
Hydrazine hydrate
Hydrochloric acid

imidazole

Isopropyl B-D-Thiogalactoside
kanamycin

Methanol

N, N-Diisopropylethylamine
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Company
Tianjin Nankai HECHENG S&T

GL Biochem
GL Biochem

J&K Scientific

Thermo

Alfa Aesar

NEST

Thermo-Fisher

Sinopharm Chemical Reagent
Abclonal

Cell Signaling Technology
Beijing DINGGUO CHANGSHENG
BOITECHNOL

Applied Photophysics Ltd
Sbhjbio

Sinopharm Chemical Reagent
Sinopharm Chemical Reagent
Beyotime

Thermo

GE Lifesciences

Sinopharm Chemical Reagent
Sinopharm Chemical Reagent
Sinopharm Chemical Reagent
SIGMA

SIGMA

Beyotime

Thermo-Fisher

GL Biochem

Catalog Number

00703
00706

503236
MAS5-24387
H27658
701001
A955
30164324
AEO001
7076P2

SBJ132636
80047360
10009318
D0056

30095516
80070418
10011018
12399-100G
5502-5G
ST101
A456

90600
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N, N-Dimethylformamide

Ncol

PBS buffer

Peptide BEH C18 Column

piperidine

Plasmid Extraction Kit

QlAexpress Kit

Rapid DNA Ligation Kit

Sodium dihydrogen phosphate dihydrate
Sodium hydroxide

Sodium nitrite

sodium chloride

Standard Fmoc-protected amino acids
sterilizing pot

SUMO Protease

stop solution

the whole gene sequence that can express
SUMO-linker-antigen

TMB reagent

Trifluoroacetic acid

Triisopropylsilane
Tris(2-carboxyethyl)phosphine hydrochloride
tryptone

Tween 20

Ultimate 3000 HPLC

vacuum pump

Xhol

yeast extract

Sinopharm Chemical Reagent
Thermo

Solarbio

Waters

Sinopharm Chemical Reagent
Sangon Biotech

QIAGEN

Beyotime

Sinopharm Chemical Reagent
Sinopharm Chemical Reagent
Sinopharm Chemical Reagent
Sinopharm Chemical Reagent
GL Biochem

Tomy

Thermo Fisher

Biolegend

Taihe Biotechnology Compay
Biolegend
SIGMA

GL Biochem
Aladdin
OXOID
Solarbio
Thermo
YUHUA
Thermo
OXOID
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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
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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.

1. 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
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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
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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
shall include 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.

18. 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.
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Editorial comments:

The manuscript has been modified and the updated manuscript, 60063_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 thank the editor’s kind reminder. We have tried our best to correct any spelling and
grammar errors.

2. The summary is over the 50 word limit.
We have shortened the summary in 50 words in the revised manuscript.
3. If there are more than 6 authors for one reference, list only the first author then et al.

Following the editor’s suggestion, we have corrected all the formats in the reference
part.

4. Please use mL, pL instead of ml, pl.

We have changed all the ml, pl to mL, pL in the revised manuscript.
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Explicit permission Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Explicit permission.docx

Re-use permission requests

Material published by the Royal Society of Chemistry and other publishers is
subject to all applicable copyright, database protection, and other rights.
Therefore, for any publication, whether printed or electronic, permission must
be obtained to use material for which the author(s) does not already own the
copyright. This material may be, for example, a figure, diagram, table, photo
or some other image.

Author reusing their own work published by

the Royal Society of Chemistry

You do not need to request permission to reuse your own figures, diagrams,
etc, that were originally published in a Royal Society of Chemistry publication.
However, permission should be requested for use of the whole article or
chapter except if reusing it in a thesis. If you are including an article or book
chapter published by us in your thesis please ensure that your co-authors are
aware of this.

Reuse of material that was published originally by the Royal Society of
Chemistry must be accompanied by the appropriate acknowledgement of the
publication. The form of the acknowledgement is dependent on the journal in
which it was published originally, as detailed in 'Acknowledgements'.

Material published by the Royal Society of
Chemistry to be used in another of our

publications

Authors contributing to our publications (journal articles, book or book
chapters) do not need to formally request permission to reproduce material
contained in another Royal Society of Chemistry publication. However,
permission should be requested for use of a whole article or chapter. For all
cases of reproduction the correct acknowledgement of the reproduced
material should be given. The form of the acknowledgement is dependent on
the journal in which it was published originally, as detailed in the
'‘Acknowledgements' section.
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