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SUMMARY:   15 
Proteins and amine-containing ligands can be covalently linked to polysaccharides activated by 16 
the cyanylation reagent, 1-cyano-4-dimethylaminopyridine tetrafluoroborate (CDAP), to form 17 
covalent protein (ligand)-polysaccharide conjugates. This article describes an improved protocol 18 
for carrying out controlled CDAP activation at 0 °C and varying pH and performing subsequent 19 
conjugation of the activated polysaccharides.   20 
 21 
ABSTRACT:   22 
Conjugate vaccines are remarkable advances in vaccinology. For the preparation of 23 
polysaccharide conjugate vaccines, the polysaccharides can be conveniently functionalized and 24 
linked to vaccine carrier proteins using 1-cyano-4-dimethylaminopyridine tetrafluoroborate 25 
(CDAP), an easy-to-handle cyanylating reagent. CDAP activates polysaccharides by reacting with 26 
carbohydrate hydroxyl groups at pH 7–9. The stability and reactivity of CDAP are highly pH-27 
dependent. The pH of the reaction also decreases during activation due to the hydrolysis of CDAP, 28 
which makes good pH control the key to reproducible activation. The original CDAP activation 29 
protocol was performed at room temperature in unbuffered pH 9 solutions.  30 
 31 
Due to the rapid reaction under this condition (<3 min) and the accompanying fast pH drop from 32 
the rapid CDAP hydrolysis, it was challenging to quickly adjust and maintain the target reaction 33 
pH in the short time frame. The improved protocol described here is performed at 0 °C, which 34 
slows CDAP hydrolysis and extends the activation time from 3 min to ~15 min. 35 
Dimethylaminopyridine (DMAP) was also used as a buffer to pre-adjust the polysaccharide 36 
solution to the target activation pH before adding the CDAP reagent. The longer reaction time, 37 
coupled with the slower CDAP hydrolysis and the use of DMAP buffer, makes it easier to maintain 38 
the activation pH for the entire duration of the activation process. The improved protocol makes 39 
the activation process less frenetic, more reproducible, and more amenable to scaling up. 40 
 41 
INTRODUCTION:   42 
Conjugate vaccines, such as those consisting of polysaccharides covalently linked to a carrier 43 
protein, are among the remarkable advances in vaccinology1,2. Polysaccharides, as T-cell-44 
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independent antigens, are poorly immunogenic in infants and do not induce memory, class 45 
switching, or affinity maturation of antibodies3. These shortcomings are overcome in 46 
polysaccharide conjugate vaccines4. As most polysaccharides do not have a convenient chemical 47 
handle for conjugation, they must first be made reactive or "activated." The activated 48 
polysaccharide is then linked either directly with the protein (or modified protein) or is 49 
functionalized for additional derivatization before conjugation4. Most licensed polysaccharide 50 
conjugate vaccines use either reductive amination or cyanylation to activate polysaccharide 51 
hydroxyls. Cyanogen bromide (CNBr), a reagent that had previously been used to activate 52 
chromatography resins, was initially used for polysaccharide derivatization. However, CNBr 53 
requires high pH, typically ~ pH 10.5 or greater, to partially deprotonate polysaccharide hydroxyls 54 
so that they are sufficiently nucleophilic to attack the cyano group. The high pH can be 55 
detrimental to base-labile polysaccharides, and neither CNBr nor the active cyano-ester initially 56 
formed is sufficiently stable at such high pH.   57 
 58 
CDAP (1-cyano-4-dimethylaminopyridine tetrafluoroborate; Figure 1) was introduced by Lees et 59 
al. for use as a cyanylating agent for the activation of polysaccharides5,6. CDAP, which is crystalline 60 
and easy to handle, was found to activate polysaccharides at a lower pH than CNBr and with 61 
fewer side reactions. Unlike CNBr, CDAP-activated polysaccharides can be directly conjugated to 62 
proteins, simplifying the synthesis process. CDAP-activated polysaccharides can be functionalized 63 
with a diamine (e.g., hexane diamine) or a dihydrazide (e.g., adipic dihydrazide, ADH) to make 64 
amino- or hydrazide-derivatized polysaccharides. A high concentration of the homobifunctional 65 
reagent is used to suppress crosslinking of polysaccharides. Amino polysaccharides can then be 66 
conjugated using any of the myriad techniques used for protein conjugation. Hydrazide-67 
derivatized polysaccharides are often coupled to proteins using a carbodiimide reagent (e.g., 1-68 
ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDAC))7. Further optimization of CDAP 69 
polysaccharide activation has been described by Lees et al.8 and is incorporated into the protocol 70 
described here. 71 
 72 
CDAP conjugation overview 73 
The CDAP protocol can be conceptualized as two phases: (1) the activation of the polysaccharide 74 
and (2) conjugation of the activated polysaccharide with a protein or ligand (Figure 2). The goal 75 
of the first step is to efficiently activate the polysaccharide, while the goal of the second is to 76 
efficiently conjugate to the activated polysaccharide. The activated polysaccharide ties the two 77 
steps together. This conceptualization helps focus on the critical elements of each step. Figure 2 78 
expands on this conceptualization, showing the desired activation and coupling reactions, along 79 
with the hydrolysis reactions and side reactions.  80 
 81 
During the activation phase, the three major concerns are CDAP stability, CDAP reaction with the 82 
polysaccharide hydroxyls, and the stability of the activated polysaccharide (Figure 3). CDAP 83 
hydrolysis increases with pH, as does the hydrolysis of the activated polysaccharide and the side 84 
reactions. However, the CDAP reaction with the polysaccharide is facilitated by increasing the 85 
pH. Efficiently activating polysaccharides with CDAP requires a balance between 1) the reactivity 86 
of the polysaccharide and CDAP and 2) the hydrolysis and side reactions of both the reagent and 87 
the activated polysaccharide.   88 
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 89 
In the original CDAP activation protocol described by Lees et al.5, CDAP activation of 90 
polysaccharides was carried out at room temperature in unbuffered pH 9 solution. The rate of 91 
activation was found to be rapid under this condition, and the activation would be complete 92 
within 3 min. The reaction was also accompanied by rapid hydrolysis of CDAP, causing a rapid pH 93 
drop of the unbuffered reaction solution. It was challenging to quickly raise and to maintain the 94 
reaction pH at the target value in such a short time frame. In the described protocol, activation 95 
was performed by adding CDAP from a 100 mg/mL stock solution to the unbuffered 96 
polysaccharide solution. The pH was raised 30 s later with "an equal volume of 0.2 M 97 
triethylamine". Protein to be conjugated was then added after 2.5 min to the activation reaction. 98 
Notably, the pH of the activation step was not well controlled and most likely initially exceeded 99 
the target pH. The fast reaction requiring prompt pH adjustment made the activation process 100 
difficult to control and challenging to scale up.    101 
 102 
In contrast to the original protocol, the modified protocol described here has two major 103 
improvements. First, the pH of the polysaccharide solution is pre-adjusted to target activation 104 
pH, using DMAP as the buffer, before the addition of CDAP. DMAP has a pKa of 9.5 and thus has 105 
good buffering power around pH 9, and unlike many other buffers, DMAP was not found to 106 
promote CDAP hydrolysis8. Furthermore, DMAP is already a process intermediate and therefore 107 
does not add a new component to the reaction mixture. Pre-adjusting the pH before adding CDAP 108 
eliminates the large pH swing at the beginning of the reaction and allows for more efficient 109 
maintenance of the target pH during the reaction. The second improvement is to perform the 110 
activation reaction at 0 °C, where the rate of CDAP hydrolysis is markedly slower than that at 111 
room temperature. With the longer reagent half-life at 0 °C, the activation time is increased from 112 
3 min to 15 min to compensate for the slower activation rate at the lower temperature. The 113 
longer reaction time, in turn, makes it easier to maintain the reaction pH. The use of 0 °C also 114 
slows the degradation of pH-sensitive polysaccharides, making it possible to prepare conjugates 115 
of this type of polysaccharide. The improvements in the protocol make the activation process 116 
less frenetic, easier to control, more reproducible, and more amenable to scaling up.  117 
 118 
This article describes the improved protocol for carrying out controlled CDAP activation of 119 
polysaccharide at 0 °C and at a specified target pH and performing subsequent derivatization of 120 
the activated polysaccharides with ADH. Also described is a trinitrobenzene sulfonic acid (TNBS) 121 
assay, based on the method of Qi et al.9, for the determination of hydrazide level on the modified 122 
polysaccharide. A modified assay for hexoses based on resorcinol and sulfuric acid10 is also 123 
described, which can be used for determining a broader range of polysaccharides. For more 124 
information on CDAP activation and conjugation, the reader is referred to earlier publications5,6,8 125 
by Lees et al. 126 
 127 
PROTOCOL: 128 
 129 
NOTE: Prepare the polysaccharide solution, ADH solution, DMAP solution, and CDAP stock 130 
solution in advance before executing the polysaccharide activation and functionalization 131 
procedures. Place the solutions and equipment in an organized, convenient, and logical location. 132 
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The reaction described is for 10 mg of polysaccharide and can be scaled up or down. It is 133 
recommended to evaluate the protocol at a small scale before scaling up. 134 
 135 
1. Prepare 5 mg/mL polysaccharide solution, 2 mL. 136 
 137 
1.1. For lyophilized polysaccharide 138 
 139 
1.1.1. Allow the polysaccharide container to come to room temperature before opening. Weigh 140 
out 10 mg of polysaccharide inside a screw-cap tube using an analytical balance. Use a static 141 
eliminator for easier sampling and more accurate weighing of the powder.  142 
 143 
1.1.2. Add 2 mL of 0.15 M sodium chloride (NaCl) to the tube to dissolve the polysaccharide. 144 
Cap and vortex the tube.  145 
 146 
NOTE: Sodium chloride does not affect the CDAP reaction, but it may affect the polysaccharide 147 
secondary structure. Some polysaccharides are more soluble at different salt concentrations. 148 
 149 
1.1.3.  Mix the tube by end-over-end rotation for 12–24 h, depending on the polysaccharide 150 
molecular weight, to allow the polysaccharide to hydrate fully. If necessary, gently warm the tube 151 
to promote solubilization.  152 
 153 
1.2. For solubilized polysaccharide in buffered solution   154 
 155 
NOTE: For efficient CDAP activation, the polysaccharide solution should not contain any buffer, 156 
especially phosphate ion. Follow the procedure below to replace the buffer with water or a saline 157 
solution and to adjust the polysaccharide concentration to 5 mg/mL.  158 
 159 
1.2.1. Obtain a 4 mL or 15 mL centrifugal-spin filter device of the appropriate molecular weight 160 
cutoff (MWCO).  161 
 162 
NOTE: The MWCO is ideally 5–10 times smaller than the molecular weight of the polysaccharide.  163 
 164 
1.2.2. Add a volume of the buffered polysaccharide solution containing ~20 mg of the 165 
polysaccharide to the filter insert. Fill to the full mark with water or a saline solution. Cap the 166 
filter tightly. Mix by end-over-end a few times.  167 
 168 
1.2.3. Centrifuge the filter device at the centrifugal force suggested by the manufacturer. Ensure 169 
that the centrifugation time is long enough to achieve at least 5-fold volume reduction after each 170 
spin. Discard the flow-through. Reassemble the filter device.  171 
 172 
1.2.4. Refill the filter insert to the full mark with fresh water or saline solution. Cap the filter 173 
tightly. Mix the content in the filter by end-over-end rotation ~10 times or by gentle vortexing; 174 
repeat the spin.  175 
 176 
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NOTE: Polysaccharide can accumulate at the bottom of the filter insert of the centrifugal device, 177 
forming a gel. It is recommended to re-mix the retentant inside the filter insert with the fresh 178 
refill before the next spin.  179 
 180 
1.2.5. Repeat the refill and spin cycle for a minimum of 3 times.  181 
 182 
1.2.6. Follow the exercise below to recover the polysaccharide retentant from the filter insert. 183 
 184 
1.2.6.1. Add fresh water or saline to the filter insert so that the volume is ~1 mL. Mix by 185 
pipetting up and down or by gentle vortexing.  186 
 187 
1.2.6.2. Transfer all of the mixed retentant to a 5 mL tube. Add 1 mL of fresh water or 188 
saline to the filter insert. Rinse the filter by pipetting up and down or by gentle vortexing. Transfer 189 
and combine all of the rinses with the recovered polysaccharide.  190 
 191 
1.2.7. Determine the polysaccharide concentration (see the polysaccharide assay in section 7.3). 192 
Dilute the polysaccharide with additional water or saline to 5 mg/mL.  193 
 194 
1.3. When the polysaccharide solution is prepared, chill the tube containing the 195 
polysaccharide solution in an ice bucket.  196 
 197 
2. Prepare 0.5 M adipic acid dihydrazide (ADH) solution, 10 mL. 198 
 199 
2.1. Weigh 0.87 g ADH in an analytical balance, and solubilize in 8 mL of 0.1 M HEPES (4-(2-200 
hydroxyethyl)-1-piperazineethanesulfonic acid), pH 8.   201 
 202 
2.2. Adjust to the target pH with 1 M sodium hydroxide (NaOH), monitored by a pH meter. 203 
Bring to 10 mL with additional buffer and re-confirm the pH.  204 
 205 
3. Prepare 2.5 M DMAP solution, 10 mL. 206 
 207 
NOTE: DMAP is toxic and will penetrate the skin. Wear nitrile gloves when performing the 208 
procedure.   209 
 210 
3.1. Carefully weigh 3 g of DMAP into a 50 mL conical tube. Add 5 ml of water to DMAP and 211 
mix by vortexing for 5 min to obtain a cloudy solution (~ 7 mL).  212 
 213 
3.2. While mixing, add 50 µL increments of 10 N hydrochloric acid (HCl) to the DMAP solution. 214 
Mix between each addition. Stop adding when the solution becomes clear.  215 
 216 
3.3. Add 10 N NaOH in 25 µL increments to bring the DMAP solution to ~pH 8.  217 
 218 
3.4. Bring the DMAP solution to 10 mL with water to give a 2.5 M solution. Fine-tune the pH 219 
of the 2.5 M DMAP solution.   220 
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 221 
NOTE: DMAP solution pH changes with concentration and ionic strength. This exercise is to fine-222 
tune the 2.5 M DMAP stock to a specific pH so that when it is mixed with 10 volumes of 223 
polysaccharide, the resulting solution is close to the target pH for activation.   224 
 225 
3.4.1. Prepare a series of 1.5 mL tubes containing 1 mL of water or the NaCl solution, whichever 226 
was used for preparing the polysaccharide solution. Chill the tubes on ice.  227 
 228 
3.4.2. Add 100 µL of DMAP to a chilled tube. Vortex and measure the pH with a pH meter. Then, 229 
discard the measured tube.  230 
 231 
3.4.3. If the measured pH is not close to the target value, adjust the pH of the DMAP stock with 232 
1 M NaOH or HCl as appropriate. Repeat steps 3.4.2 and 3.4.3 until the measured pH is close to 233 
the target pH.  234 
 235 
4. Prepare 100 mg/mL CDAP stock solution 236 
 237 
NOTE: CDAP powder should be kept tightly closed and stored at -20 °C and allowed to come to 238 
room temperature before opening. Wear nitrile gloves when performing the procedure.  239 
 240 
4.1. Tare a 1.5 mL snap-cap microcentrifuge tube on an analytical balance. Using a small 241 
spatula, weigh out 10–140 mg of CDAP into the tube. Note the actual weight of CDAP.  242 
 243 
4.2. Determine the volume of acetonitrile needed to prepare 100 mg/mL CDAP. Open 244 
acetonitrile in a fume hood.  245 
 246 
4.3. Using an appropriate volume pipet, draw and release the acetonitrile to equilibrate its 247 
vapor in the pipet tip. Wait for the solvent to drip out of the pipet tip after a few seconds, and be 248 
prepared to transfer it to the CDAP tube directly. Draw the calculated volume of acetonitrile and 249 
directly transfer it to the CDAP tube. Snap the cap shut. 250 
 251 
NOTE: Acetonitrile can also be transferred to the CDAP tube using a Hamilton syringe or its 252 
equivalent of suitable size.   253 
 254 
4.4. Vortex to fully solubilize the CDAP. Place the CDAP tube in an ice bucket.  255 
 256 
NOTE: CDAP is stable in acetonitrile in the cold. Soluble stocks may be kept at -20 °C for >1 week. 257 
However, it is preferable to prepare fresh CDAP solutions. 258 
 259 
5. Polysaccharide activation and hydrazide functionalization 260 
 261 
5.1. Ensure all of the following items are ready and solutions chilled on ice before starting the 262 
activation: 2 mL of a 5 mg/mL polysaccharide solution in a flat-bottom, wide-mouth container 263 
containing a stir bar, placed on top of a magnetic stirrer; 100 mg/mL CDAP stock solution; 2.5 M 264 
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DMAP stock solution; a pH meter with a semi-micro pH probe, such as the 6 mm diameter probe, 265 
calibrated for 0 °C according to the manufacturer’s instructions; a 100 µL pipet ready to use; a 266 
timer cleared and ready to use; an autotitrator dispenser head positioned or 10 µL pipet ready 267 
to use; 0.5 M ADH solution. 268 
 269 
5.2. Pre-adjust the pH of the polysaccharide to the target pH using DMAP.  270 
 271 
5.2.1. Place the pH probe into the polysaccharide solution and leave it in the solution during the 272 
entire activation procedure.  273 
 274 
5.2.2. Transfer 200 µL of the DMAP stock solution to the polysaccharide solution by dropwise 275 
addition under stirring. Adjust the pH of the solution to the target activation pH. Add 0.1 M HCl 276 
to lower the pH and 0.1 M NaOH to increase the pH. Avoid exceeding the target pH by more than 277 
0.1 pH unit, and keep the reaction chilled in an ice-water bath for the duration of the activation.    278 
 279 
5.3. CDAP activation  280 
 281 
5.3.1. Pipet 100 µL CDAP up and down to equilibrate the vapor in the pipet tip. Transfer 100 µL 282 
of CDAP to the polysaccharide solution with stirring.  283 
 284 
NOTE: This activation uses 1 mg of CDAP for 1 mg of polysaccharide as a starting ratio. The ratio 285 
can be increased or decreased when optimizing the activation.  286 
 287 
5.3.2. Start the timer and monitor the pH change during the entire activation. Maintain the 288 
reaction at the target pH by promptly adding 10 µL increments of 0.1 M NaOH to the reaction, 289 
with the aid of an autotitrator dispenser (or pipet).  290 
 291 
NOTE: It may help reduce the pH response time to stir with a pH probe gently. The pH drops more 292 
rapidly in the beginning, and it may be necessary to add the 0.1 M NaOH more frequently. As the 293 
reaction proceeds, the pH decrease becomes slower, and the addition becomes less frequent. 294 
The pH should remain essentially unchanged when approaching the optimal activation time, 295 
which is 10–15 min for pH 9 activation.  296 
 297 
5.4. ADH functionalization   298 
 299 
5.4.1. When the optimal activation time is reached, add 2 mL of 0.5 M ADH all at once to the 300 
activated polysaccharide under stirring. Check that the pH is in the target range (pH 8–9 for ADH).  301 
 302 
NOTE: One addition with quick mixing minimizes the probability for both ends of the dihydrazide 303 
to react with the activated polysaccharide, preventing polysaccharide crosslinking. 304 
 305 
5.4.2. Continue to stir the reaction mixture for at least 1 h. Transfer the reaction mixture to 4 306 
°C, but 0–20 °C is acceptable.  307 
 308 
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NOTE: The ADH functionalization reaction is not strongly dependent on temperature. As the large 309 
excess of dihydrazide acts as the quenching reagent, it is not necessary to further quench the 310 
activated polysaccharide. However, when directly conjugating proteins, the reaction should be 311 
quenched, typically with 1 M glycine, pH 8–9.  312 
 313 
6. Purification of ADH-functionalized polysaccharide by dialysis  314 
 315 
NOTE: The crude product from the ADH functionalization reaction contains a high concentration 316 
of ADH (0.5 M), which can be removed most efficiently by extensive dialysis. Gel filtration, either 317 
with a column or a spin desalting device, is not as efficient, especially when it is required to 318 
remove the residual ADH contaminant.   319 
 320 
6.1. Determine the MWCO of the dialysis membrane. Use a 3 kDa cutoff for smaller 321 
polysaccharides.  322 
 323 
NOTE: The MWCO of the dialysis membrane is ideally 5–10 times smaller than the MW of 324 
polysaccharide. 325 
 326 
6.2. Choose the desired dialysis format (cassettes or tubings) and the correct device capacity. 327 
Ensure that the device capacity is 2 times larger than the sample volume. Consult the 328 
manufactures’ instructions for using the device.  329 
 330 
6.3. Hydrate the dialysis membrane in water before use. Transfer the crude derivatized 331 
polysaccharide solution to the dialysis device according to manufacturers’ instructions.  332 
 333 
NOTE: Wear nitrile gloves to avoid contact with DMAP.  334 
 335 
6.4. Dialyze in a container filled with 2–4 L of 1 M NaCl and a stir bar. Place the container on a 336 
stir plate in a cold room or inside a refrigerator. Stir the dialysate gently and continuously during 337 
dialysis.  338 
 339 
6.5. After dialyzing for at least 4 h, change to fresh 1 M NaCl, and dialyze for at least 12 h. 340 
Dialyze against 2 changes of 0.15 M saline, each for at least 12 h. If desired, dialyze against 2 341 
changes of water.  342 
 343 
6.6. Verify if all the ADH is removed by testing the overnight dialysate using a quick TNBS test.  344 
 345 
6.6.1. Obtain 3 borosilicate tubes, label them as negative control (ctrl), positive ctrl, and sample, 346 
respectively.  347 
 348 
6.6.2. To the negative ctrl tube, add 975 µL of 0.1 M borate, pH 9.  349 
 350 
6.6.3. To the positive ctrl tube, add 100 µL of 0.05 mM ADH (0.1 mM hydrazide) and 875 µL of 351 
0.1 M borate, pH 9.  352 
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 353 
6.6.4. To the sample tube, add 500 µL of the overnight dialysate and 475 µL of 0.1 M borate, pH 354 
9.  355 
 356 
6.6.5.  Add 25 µL of 1% TNBS to all three tubes. Mix well. Place in the dark for 1 h.  357 
 358 
6.6.6. Compare the color intensity of the 3 tubes in 1 h. Ensure that the sample tube color 359 
intensity is in-between that of the positive ctrl and the negative ctrl, which indicates that the ADH 360 
contaminant is down to 0.01 mM or below. Dialyze one more time. 361 
 362 
NOTE: It is prudent to reduce the level of the ADH contaminant as much as possible so that the 363 
ADH hydrazide accounts for less than 1% of the total hydrazide in the purified hydrazide-364 
polysaccharide. 365 
   366 
6.7. Recover the derivatized polysaccharide from dialysis. Determine the concentration of the 367 
polysaccharides and hydrazide. Calculate the hydrazide/polysaccharide ratio (see section 7). If 368 
the dialyzed polysaccharide must be concentrated to 5–10 mg/mL, consult section 1.2.   369 
 370 
7. Analysis of hydrazide-derivatized polysaccharides  371 
 372 
NOTE: The purpose of the analysis described here is to determine the polysaccharide 373 
concentration, the hydrazide concentration, and the level of hydrazide derivatization in terms of 374 
the hydrazide/polysaccharide ratio.  375 
 376 
7.1. Sample preparation  377 
 378 
NOTE: Polysaccharides to be assayed need to be free of low molecular weight carbohydrate, 379 
amine, or hydrazide impurities. Lyophilized samples should be dry and salt-free to ensure 380 
accurate weight measurement. Usually, ~1 mL of a 1–2 mg/mL solution is adequate for assays.   381 
 382 
7.1.1. Weigh at least 10 mg of the lyophilized polysaccharide sample on an analytical balance, 383 
using a non-static spatula or a static eliminator. Dissolve the polysaccharide in water or saline to 384 
a concentration (e.g., 2 mg/mL) so that the assay signals fall within the linear range of the 385 
standard curve.  386 
 387 
7.1.2. Mix end-over-end and allow enough time for the sample to dissolve completely. Perform 388 
overnight hydration depending on polysaccharide molecular weight.  389 
 390 
7.2. Polysaccharide assay: resorcinol/sulfuric acid method  391 
 392 
NOTE: The appropriate assay for polysaccharides will depend on the carbohydrate composition 393 
of the polymers. The original resorcinol/sulfuric acid assay was intended for hexose sugars10. The 394 
assay was modified here by raising the temperature of the heating step from 90 °C to 140 °C. At 395 
this higher temperature, the assay loses some specificity but can be used to assay many sugars. 396 
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However, it is still necessary to determine the suitability of the assay for a particular 397 
polysaccharide. Triplicates are recommended for each point, but some accommodation may be 398 
necessary due to the capacity of the heating block. 399 
 400 
7.2.1. Prepare 75% sulfuric acid 401 
 402 
NOTE: Concentrated sulfuric acid is extremely corrosive and can cause severe burns. Perform this 403 
procedure in a chemical fume hood. Always pour concentrated acid into water, not vice versa! 404 
 405 
7.2.1.1. Add 50 mL of water to a 200 mL glass bottle. Place the bottle in a cold water bath. 406 
Slowly add 150 mL of sulfuric acid. Cap the bottle so that it is vented.  407 
 408 
7.2.1.2. Allow the solution to equilibrate to room temperature. Use the solution within 3 409 
months. 410 
 411 
7.2.2. Prepare carbohydrate standards 412 
 413 
7.2.2.1. Prepare the unmodified polysaccharide solution at 1 mg/mL to be used as the 414 
standard. Alternatively, use a mix of individual sugars in the ratio found in the repeat unit of the 415 
polysaccharide, at 1 mg/mL of the total sugar concentration, as the standard. 416 
 417 
NOTE: Although the sugar mix will usually give the same result as the carbohydrate polymer of 418 
identical sugar composition, this should be confirmed experimentally. 419 
 420 
7.2.3. Ensure that the heating block with tube holders for 13 x 100 borosilicate test tubes is 421 
functioning. Use a protective pad underneath and surrounding the heating block in case of acid 422 
spills. Pre-heat the heating block to 140 °C for a minimum of 1 h to achieve stable, uniform 423 
temperature through all the blocks utilized.  424 
 425 
7.2.4. Label 13 x 100 borosilicate test tubes, triplicate for each standard and each sample. Add 426 
0, 2.5, 5, 7.5, 10 µg (or µL) of the 1 mg/mL carbohydrate standard to the correspondingly labeled 427 
standard tubes. Add water to each tube to bring the volume to 100 µL.   428 
 429 
NOTE: The color generated is dependent on specific sugars. As some sugars require more mass 430 
to generate the full absorbance range, the actual amounts used for the standard curve may vary. 431 
 432 
7.2.5. Set up sample assays by adding a volume containing ~5 µg of the derivatized 433 
polysaccharide to three sample tubes and bring the total volume to 100 µL with water. 434 
Alternatively, if the polysaccharide concentration in the sample is unknown, perform a series of 435 
4-fold dilutions. Test 100 µL of each dilution in triplicate.   436 
 437 
7.2.6. Prepare fresh resorcinol at 6 mg/mL in deionized (dI) water immediately before use. 438 
Vortex until the resorcinol is in solution. Add 100 µL of 6 mg/mL resorcinol to each tube.  439 
 440 
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7.2.7. Carefully pour the estimated amount of 75% sulfuric acid into a small beaker.  441 
 442 
NOTE: Wear a lab coat, nitrile gloves, and safety glasses. Be careful of drips, spills, and splashes. 443 
Keep wet paper towels handy to wipe up any drips. As the activity of the sulfuric acid changes on 444 
extended exposure to air, use a uniform mixture of sulfuric acid for the entire assay.  445 
 446 
7.2.8. Using a repeat pipettor, uniformly add 300 µL of 75% sulfuric acid to each tube. Vortex 447 
the tubes vigorously to mix well, pointing the tube away while vortexing. Place the tubes in a 448 
heater block at a steady pace in sequential order. Once all the tubes are in, set the timer for 3 449 
min immediately.   450 
 451 
7.2.9. At 3 min, remove the tubes at a steady pace in the same order, and place them directly 452 
in a rack in an ice water bath. Leave the tubes until they are ice cold. Remove the tubes and allow 453 
them to equilibrate to room temperature for ~5 min to prevent condensation on the cuvette 454 
during reading.  455 
 456 
7.2.10. Set a UV/VIS spectrophotometer to read the absorbance at 430 nm using a 10 mm 457 
pathlength cuvette. Blank with a zero standard tube. Read the absorbance of all the tubes at 430 458 
nm. 459 
 460 
NOTE: Disposable plastic cuvettes are convenient to use.  461 
 462 
7.2.11. Construct a standard curve by plotting µg of carbohydrate standard vs. A430. See Figure 4 463 
for a typical standard curve using glucose as the reference standard.  464 
 465 
7.2.12. Use the sample assay tubes with A430 values falling within the linear range of the standard 466 
curve, calculate the µg amount of the unknown polysaccharide in the sample assay tubes from 467 
the standard curve equation. Determine the concentration of the unknown polysaccharide from 468 
the volume of the unknown added, accounting for dilutions. Convert the concentration to mg/mL 469 
or µM repeat units as required.  470 
 471 
7.3. Hydrazide assay using trinitrobenzene sulfonic acid (TNBS)  472 
 473 
7.3.1. Prepare 0.9% NaCl containing 0.02% sodium azide (Sample buffer) by dissolving 9 g of 474 
NaCl and 200 mg of sodium azide in dI H2O to a final volume of 1 L.  475 
 476 
7.3.2. Prepare 0.1 M sodium borate, pH 9 (Assay buffer), by mixing 100 mL of 0.5 M sodium 477 
borate, pH 9, with 400 mL of dI H2O. Confirm that the solution pH is 9 ± 0.1; adjust if necessary.  478 
 479 
7.3.3. Prepare 1% TNBS by diluting 200 µL of 5% 2,4,6-trinitrobenzene sulfonic acid solution to 480 
1 mL with dI H2O. Mark the tube as 1% TNBS and store at 4 °C in the dark for a week.  481 
 482 
7.3.4. Prepare 50 mM ADH stock (equivalent to 100 mM hydrazide).  483 
 484 



 

12 
 

7.3.4.1. Weigh out 871 mg of adipic dihyrazide (ADH) powder using an analytical balance. 485 
Dissolve the powder in a reagent bottle by adding Sample buffer to 100 mL with the aid of a top 486 
loader balance.  487 
 488 
7.3.4.2. Label the bottle as 100 mM hydrazide/50 mM ADH. Cap the bottle tightly and 489 
store at 4 °C for 1 year.  490 
 491 
7.3.5.  Prepare hydrazide standards (0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 mM hydrazide). 492 
 493 
7.3.5.1. Prepare the 6 hydrazide standards by diluting the 100 mM hydrazide stock with 494 
Sample buffer with the aid of a top loader balance. Prepare 100 mL of each standard to minimize 495 
concentration error. Tightly close the bottles and store at 4 °C for 1 year.  496 
 497 
7.3.6. Setting up assay reactions 498 
 499 
NOTE: The TNBS assay is run at a reaction volume of 1 mL. Each assay tube consists of 100 µL of 500 
a sample (or a standard), 875 µL of Assay buffer, and 25 µL of 1% TNBS solution. All assay 501 
reactions (for both samples and standards) are set up in triplicate.  502 
 503 
7.3.6.1. Label 3 borosilicate glass tubes (12 x 75 mm) for each standard, including the zero 504 
standard. Sort and arrange the standard tubes in tube rack in order of increasing concentration. 505 
Use a calibrated 100 µL or 200 µL micropipette to accurately add 100 µL of the standards to each 506 
corresponding tube. For the zero standard, use 100 µL of Sample buffer.  507 
 508 
7.3.6.2. Label 3 borosilicate glass tubes (12 x 75 mm) for each diluted sample to be 509 
assayed. Sort and arrange the sample tubes in the tube rack accordingly. Use a calibrated 100 µL 510 
or 200 µL micropipette to accurately add 100 µL of the sample to each corresponding sample 511 
tube. 512 
 513 
7.3.6.3. Use a calibrated 1000 µL micropipette to accurately add 875 µL of Assay buffer to 514 
all assay tubes: the standards and the samples.  515 
 516 
7.3.7. To start the assay reaction, use a calibrated 100 µL micropipette to accurately add 25 µL 517 
of 1% TNBS to each assay tube. Start from the zero standard tubes, move to the standard tubes 518 
in order of increasing concentration, then to the sample tubes according to the pre-determined 519 
order. Change tips when starting a new standard or a new sample and keep the time spent in 520 
adding TNBS to all the tubes to within 5 min.  521 
 522 
7.3.7.1. Vortex all assay tubes for 2 s at high speed or at a speed setting allowing the liquid 523 
inside the assay tube to swirl upward to reach a height of 1/2 inch from the tube opening. 524 
 525 
7.3.7.2. Record the assay start time and set the timer to 2 h. Place the assay tube rack in 526 
the dark at room temperature for 2 h. When the time is over, vortex all the tubes one more time 527 
and proceed to data collection.  528 
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 529 
7.3.8. Data collection 530 
 531 
7.3.8.1. Let the UV/VIS spectrophotometer warm up and the baseline stabilize. Set the 532 
detection wavelength at 500 nm for the hydrazide assay. Use a 1 mL quartz cuvette of 1 cm 533 
pathlength for all absorbance measurements for the entire assay.  534 
 535 
7.3.8.2. Start the data collection by transferring a zero standard assay to the cuvette; blank 536 
the instrument (set absorbance to zero).  537 
 538 
7.3.8.3. Perform a single read on each tube and record the absorbance values in a data 539 
table. Remove any residual liquid from the cuvette before reading a new sample. Start from the 540 
zero standards, move to the standards of increasing concentration, and then to the samples. 541 
Once started, perform all steps efficiently without stopping and read all tubes within 10 min.   542 
 543 
7.3.9. Analyzing sample data  544 
 545 
7.3.9.1. Create a standard curve by plotting mM hydrazide standard vs. A500. Find the 546 
standard curve equation in the form of y = ax + b, where y represents mM hydrazide and x 547 
represents A500. See Figure 4 for a typical standard curve.  548 
 549 
7.3.9.2. Calculate mM hydrazide in the samples using the standard curve equation, 550 
adjusting for the dilution factors. Choose only the sample assay tubes with A500 values falling 551 
within the linear range of the standard curve for the calculation.  552 
 553 
7.3.9.3. Calculate the molar ratio of hydrazide/polysaccharide using equation (1).  554 
 555 
Hydrazide/polysaccharide = h / c × MW   (1) 556 
 557 
Where h is the mM hydrazide, c is the mg/mL concentration of the polysaccharide, and MW is 558 
the polysaccharide molecular weight in kDa.  559 
 560 
7.3.9.4. Calculate the hydrazide labeling density per 100 kDa of polysaccharide using 561 
equation (2).  562 
 563 
Labeling density per 100 kDa polysaccharide = h / c × 100   (2) 564 
 565 
Where h is the mM hydrazide, and c is the mg/mL concentration of the polysaccharide.  566 
 567 
NOTE: For convenience, the polysaccharides can be considered to have a molecular weight of 568 
100,000 daltons. This allows one to consider a “labeling density” in comparing the level of 569 
derivatization of various polysaccharides.    570 
 571 
7.3.9.5. Calculate the hydrazide labeling density as weight percent ADH.  572 
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 573 
7.3.9.5.1. Determine the effective mg/mL concentration of ADH by using equation (3).   574 
 575 
mg/mL ADH = (mM hydrazide / 1000) × 174    (3) 576 
 577 
where 174 is the MW of ADH.  578 
 579 
7.3.9.5.2. Calculate the weight % ADH by using equation (4).  580 
 581 
weight % ADH = (mg/mL ADH) / (mg/mL polysaccharide) × 100  (4) 582 
 583 
REPRESENTATIVE RESULTS: 584 
To illustrate the activation and derivatization of a polysaccharide using CDAP chemistry, dextran 585 
was activated at 0.25 and 0.5 mg CDAP/mg dextran. For each reaction, a 10 mg/mL dextran 586 
solution in water was chilled on ice, and 1/10th volume of a 2.5 M DMAP stock (prepared as 587 
described in section 3) was added. The final solution was brought to pH 9 by the addition of 0.1 588 
M NaOH in 10 µL aliquots. The solution was chilled and stirred, CDAP added, and the pH 589 
maintained at pH 9 by adding 10 µL aliquots of 0.1 M NaOH for 15 min. Only 0.25 mL of 0.5 M 590 
ADH at pH 9 was added (less than the usual amount) and the reaction allowed to proceed 591 
overnight at 4 °C.  592 
 593 
The labeled dextran was then sequentially dialyzed against 1 M NaCl, 0.15 M NaCl, and water as 594 
described in section 6. The ADH-dextran was then assayed for dextran using the 595 
resorcinol/sulfuric acid assay (section 7.2). A typical standard curve using glucose as the sugar 596 
standard is shown in Figure 4A. The hydrazide content was determined using the TNBS assay 597 
described in section 7.3. A typical hydrazide standard curve using ADH as the standard is given in 598 
Figure 4B. 599 
 600 
Representative calculations from the activation of dextran at the two levels of activation are 601 
shown in Figure 4A,B. The data are presented as both hydrazides per 100 kDa of dextran polymer 602 
and as a weight percent of ADH to dextran, as described in sections 7.9.3.4 and 7.9.3.5, 603 
respectively, in Figure 4C. The degree of derivatization approximately doubled as the CDAP ratio 604 
was doubled. 605 
 606 
FIGURE AND TABLE LEGENDS: 607 
 608 
Figure 1: Chemical structure of CDAP. CDAP = 1-cyano-4-dimethylaminopyridine 609 
tetrafluoroborate. 610 
 611 
Figure 2: Process of CDAP activation and conjugation. The process is conceptually divided into 612 
two phases, with the activated polysaccharide common to both. Under basic conditions, CDAP 613 
activates polysaccharide hydroxyls, releasing DMAP (reaction 1). CDAP hydrolysis also releases 614 
DMAP (reaction 3). Although a cyano-ester is shown, this may not be the actual intermediate. 615 
The intermediate is, therefore, referred to as (CDAP) "activated" polysaccharide. During the first 616 
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activation phase, the activated polysaccharide can hydrolyze (reaction 4) or undergo side 617 
reactions (reaction 5). In the second conjugation phase (reaction 2), the activated polysaccharide 618 
reacts with an amine to form a stable isourea bond in addition to reactions 4 and 5. 619 
Abbreviations: CDAP = 1-cyano-4-dimethylaminopyridine tetrafluoroborate; DMAP = 4-620 
dimethylaminopyridine; R-NH2 = amine.  621 
 622 
Figure 3: CDAP activation and conjugation. The process requires balancing CDAP reactivity with 623 
the polysaccharide, the stability of the CDAP and activated polysaccharide, as well as the 624 
reactivity of the activated polysaccharide with that of the amine. 625 
 626 
Figure 4: Representative results for CDAP activation of dextran. Typical standard curves for the 627 
(A) resorcinol/sulfuric acid and (B) TNBS assays. The assay results for dextran activated with 0.25 628 
and 0.5 mg CDAP/mg dextran are shown. Glucose was used as the standard for the resorcinol 629 
assay. Dextran, in mg/mL, is divided by 100 kDa to give a molar concentration. The hydrazide 630 
concentration is determined using ADH as the standard and the results expressed as µM Hz. (C) 631 
Calculation of hydrazide: dextran ratios. The level of derivatization was calculated as hydrazides 632 
per 100 kDa of dextran to facilitate the comparison between polymers of different average 633 
molecular weights. The % weight ratio of g ADH/g dextran was calculated using a MW of 174 634 
g/mole for ADH. 635 
 636 
DISCUSSION: 637 
CDAP is a convenient reagent to derivatize and conjugate polysaccharides. This article describes 638 
the general method to use CDAP to derivatize polysaccharides with hydrazides (PS-ADH) and 639 
incorporates recently published improvements8. First, the technique emphasizes the importance 640 
of maintaining the target pH to control the activation process. We found that while many 641 
common buffers interfere with the CDAP activation reaction, DMAP could successfully be used 642 
as the buffer to manage the pH8. Furthermore, DMAP is already a reaction byproduct of CDAP 643 
activation. Finally, buffering the polysaccharide solution with DMAP before adding the CDAP 644 
facilitates precise targeting and maintenance of the reaction pH. As we describe, it is useful to 645 
adjust the pH of the concentrated DMAP stock solution such that when diluted, it reaches the 646 
targeted pH. Secondly, performing the process in the cold slowed the reaction time, making the 647 
activation process less frenetic and more forgiving. Lower temperature decreased the rate of 648 
CDAP hydrolysis, and the optimal activation time at pH 9 increases from ~3 min to ~15 min. In 649 
addition, less CDAP is required to achieve the same level of activation than when performed at 650 
room temperature.  651 
 652 
ADH-derivatized polysaccharides can be conjugated to proteins using carbodiimides (e.g., 653 
EDAC)7. For example, several licensed Haemophilus influenzae b (Hib) vaccines use the 654 
polyribosylribitolphosphate (PRP) derivatized with ADH to conjugate to tetanus toxoid using 655 
EDAC. CNBr was initially employed, but CDAP is a much easier reagent to use for this purpose. In 656 
our experience, a good target range for ADH derivatization is 10–30 hydrazides per 100 kDa 657 
polysaccharide or ~1–3% ADH by weight.   658 
 659 
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The same process can be used to derivatize polysaccharides with primary amines by substituting 660 
the ADH for a diamine. It is recommended to use hexane diamine to derivatize polysaccharides 661 
with amines8. The aminated polysaccharide (PS-NH2) can be conjugated using reagents 662 
developed for protein conjugation11. Typically, the PS-NH2 is derivatized with a maleimide (e.g., 663 
succinimidyl 4-[N-maleimidomethyl]cyclohexane-1-carboxylate (SMCC) or N-γ-664 
maleimidobutyryl-oxysuccinimide ester (GMBS)), and the protein is thiolated (e.g., with 665 
succinimidyl 3-(2-pyridyldithio)propionate (SPDP)). Thiol-maleimide chemistry is very efficient. 666 
 667 
Proteins can also be directly coupled to CDAP-activated polysaccharides via the ɛ-amine on 668 
lysines. While the activation protocol used is generally similar to the one described here, it is 669 
necessary to optimize the level of activation, polysaccharide and protein concentration, as well 670 
as the protein:polysaccharide ratio5,6,8.   671 
 672 
Dextran is one of the easiest polysaccharides to activate with CDAP due to its relatively high 673 
density of hydroxyl groups, but some polysaccharides, such as Vi antigen, can be challenging. 674 
Consequently, there is no single “best” protocol for CDAP conjugation directly to proteins. We 675 
suggest first developing a protocol to achieve suitable levels of activation, as determined by the 676 
extent of hydrazide derivatization, and then proceeding to direct protein conjugation to CDAP-677 
activated polysaccharide. 678 
 679 
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Name of Material/ Equipment Company Catalog Number Comments/Description

Acetonitrile Sigma 34851

Adipic acid dihydrazide Sigma A0638 MW 174

Amicon Ultra 15 10 kDa Millipore UFC901008

MW cutoff can be 30 kDa 

for 200 kDa PS

Analytical balance

Autotitrator or electronic pipet

Beaker  2-4 L

CDAP SAFC RES1458C Sigma

DMAP Sigma 107700 MW 122.2

Flake ice

HCl 1 M VWR BDH7202-1

Micro stir bar VWR 76001-878

Microfuge tube (for CDAP) VWR 87003-294

NaCl VWR BDH9286

NaOH 1 M Sigma 1099130001

NaOH 10 M Sigma SX0607N-6

pH meter

pH probe
Cole Parmer 55510-22

6 mm x 110 mm Epoxy 

single junction

pH temperature probe

Pipets & tips

Saline or PBS

Small beaker 5-20 mL VWR 10754-696 A 10 mL beaker allows 

Small ice bucket

Small spatula

Stir plate

Resorcinol assay

Combitip Eppendorf 10 ml

DI water

Dialysis tubing Repligen 132650T Spectra/Por 6-8kDa

Table of Materials Click here to access/download;Table of Materials;CDAP Materials list (2).xls
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Dialysis tubing clips Repligen 142150

Heating block

Nitrile gloves VWR

Repeat pipettor Eppendorf M4

Resorcinol Sigma 398047

Sugar standard As appropriate

 Sulfuric acid 75% VWR BT126355-1L

Timer

TNBS assay

Adipic dihydrazide Sigma A0638 MW 174

Borosilcate test tubes 12 x 75 VWR 47729-570

Sodium borate, 0.5 M pH 9 Boston Biologicals BB-160

TNBS 5% w/v Sigma P2297 MW 293.17
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Rebuttal to Editorial comments: 

 

Editorial comments: 

 

Changes to be made by the Author(s): 

 

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

spelling or grammar issues. Please define all abbreviations at first use. 

 

Author’s response: 

 

The author has incorporated into the revised manuscript all comments and suggestions made by 

the editor and the reviewers. Best efforts have been made to correct any spelling or grammar 

issues.   

 

The following abbreviations were defined at first use: 

Line 59: 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDAC)   

Line 133: sodium chloride (NaCl)  

Line 144: molecular weight cutoff (MWCO)  

Line 168: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)  

Line 171: sodium hydroxide (NaOH) 

Line 180: hydrochloric acid (HCl)  

Line 298: polysaccharide (PS)  

 

2. Please include author names, affiliations, and an email address for each author after the title, before 

the summary.  

 

Author’s response:  

Author’s info is added per instruction.   

 

3. Please keep the summary between 10 and 50 words. 

 

Author’s response:  

Reduced word count from 56 to 50.   

 

4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols 

(™), registered symbols (®), and company names before 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, e.g., Amicon Ultra Centrifugal spin device; 

Eppendorf tube; G-25 Sephadex® resin; Amicon Ultra 30 kDa cutoff; Sigma-Aldrich P2297 etc ??????  
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Author’s response:  

Removed all commercial languages from this revision. Added the Table of Materials. Trademarks 

mentioned are now included only in this table.   

 

5. Please revise the text, especially in the protocol, to avoid the use of any personal pronouns (e.g., 

"we", "you", "our" etc.). 

 

Author’s response:  

All personal pronouns are removed and the sentences reworded as passive tense. 

 

6. Please ensure that all text in the protocol section is written in the imperative tense as if telling 

someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described 

in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could 

be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the 

imperative tense may be added as a “Note.” However, notes should be concise and used sparingly. 

Please include all safety procedures and use of hoods, etc. 

 

Author’s response:  

Revised all steps in the protocols using imperative tense as complete sentences.  All “could be”, 

“should be”, and “would be” phrases in the protocol are replaced. Suggestion on proper use of 

Notes have been considered throughout the protocol section, and revisions have been done 

accordingly. Safety procedures related to handling of CDAP, DMAP, concentrated acids, etc., 

have been clearly stated in the protocol steps. 

 

7. Please note that your protocol will be used to generate the script for the video and must contain 

everything that you would like shown in the video. Please add more details to your protocol steps. 

Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add 

references to published material specifying how to perform the protocol action. Please add more 

specific details (e.g., button clicks for software actions, numerical values for settings, etc) to your 

protocol steps. There should be enough detail in each step to supplement the actions seen in the video 

so that viewers can easily replicate the protocol. 

 

Author’s response: Video Protocol is attached. 

 

8. After including a one line space between each protocol step, highlight up to 3 pages of protocol text 

for inclusion in the protocol section of the video. This will clarify what needs to be filmed.  

 

Author’s response: Attached 

Andy, we need to choose which protocol to go to the video. .  

 

9. Please include a representative results section after the protocol section, and discuss all figures here. 

However, for figures showing the experimental setup, please reference them in the Protocol. Please 

include at least one paragraph of text to explain the Representative Results in the context of the 



technique you have described, e.g., how do these results show the technique, suggestions about how to 

analyze the outcome, etc. The paragraph text should refer to all of the figures. Data from both 

successful and sub-optimal experiments can be included. 

 

Author’s response:  

A representative results section is included.  Figures 1-3 are background only so only Figure 4 is 

discussed. 

10. Please include a section “Figure and Table Legends” to follow the representative results section 

(before the discussion section) and include the figure legends in this legends section. 

 

Author’s response:  

Title and Legend for the Figures and Tables are now separated from the Figures and Tables.  

. 

 

11. Please remove the titles and Figure Legends from the uploaded figures. The legends should appear 

only in the Figure and Table Legends section after the Representative Results. Please submit each figure 

individually as a vector image file to ensure high resolution throughout production: (.psd, ai, .eps.). 

 

Author’s response:  

Titles and Figure Legends are now removed from the Figures and Tables.  

This was done 

 

12. As we are a methods journal, please add to the Discussion the following in detail with citations: 

a) Any limitations of the technique 

b) The significance with respect to existing methods 

 

Author’s response:  

Limitations are discussed. Readers are also referred to a more comprehensive study published 

by Authors in Vaccines, Dec 2020. It is an open access journal 

 

13. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, 

F.I. Article Title. Source (italics). Volume (bold) (Issue), FirstPage–LastPage (YEAR).] For more than 6 

authors, list only the first author then et al. Please include volume and issue numbers for all references, 

and do not abbreviate the journal names. 

 

Author’s response:  

All references have been corrected to comply with this format guideline.  

 

14. Please sort the Materials Table alphabetically by the name of the material. 

 

Author’s response:  

Materials are sorted Alphabetically but grouped by assay 

 

  



Rebuttal to Reviewers' comments: 

 

Reviewers' comments: 

 

Reviewer #1: 

 

Manuscript Summary: 

Manuscript Number: JoVE62597 

The manuscript is an approach to one of the most frequently used conjugation method for 

glycoconjugates. Last updates for improve it are described here. It offers many details and useful tips to 

get to a successful protocol. 

But some suggestions can be made: 

 

In the Abstract could be introduce an initial idea taken from the Introduction for highlight more the 

applicability of the work. For instance: "Conjugate vaccines are great advances in vaccinology. For 

conjugation, polysaccharides can be…" 

 

Author’s response:  

This suggestion has been incorporated into the revision.  

 

In the Introduction, allusion to Figure 3 should be done in the paragraph starting in line 71. Figure 3 is 

not mentioned in all the text.  

 

Author’s response:  

Figure 3 is now mentioned in said paragraph: “During the activation phase, the three major 

concerns are CDAP stability, CDAP reaction with the polysaccharide hydroxyls, and the stability 

of the activated polysaccharide (Figure 3). ….”  

 

In the Protocol section I think that Notes should be related to a step that describes an action. They are 

not numbered apart. See Steps 5.11.1., 8.3.2.2.1., 8.3.3.1.1. 8.3.5.1.1. and 8.3.6.1. 

 

Author’s response:  

All Notes have been verified to ensure they are related to the steps the action was described.  

All numbering for the Notes were removed.  

 

There are steps that are purely a commentary like step 3.1.2.1., even when is not denoted as such: 

"Hydrazides are reactive with CDAP activated polysaccharide essentially independent of pH". See also 

step 4.7.1 or 7.1s as examples. These could be mentioned in the Discussion or integrated to an actual 

step. 

 

Author’s response:  

Checked the entire protocol section for purely commentary statements. They were either 

removed, restated, or moved to discussion section.  



 

In many other cases the sentence does not have the format of a simple directive. For example: "1.2.2.3. 

It is advisable to determine the polysaccharide after the buffer exchange/concentration." could be 

written "Determine the polysaccharide after the buffer exchange/concentration. This is advisable in 

order to do not introduce errors in the conditions of activation reaction".  

 

Author’s response:  

This guideline has been strictly followed in the revised manuscript. 

 

In the Step 1.2.2.2 it is recommended to vortex the centrifugal device. If it is worthy, I think is useful to 

vortex the device after every spin in order to avoid excessive concentration of the polysaccharide in the 

bottom of the filter and the consequent gel formation.  

 

Author’s response:  

Reviewer’s comment is well received. While using Amicon ultra filters, we indeed perform end-

over-end remixing after refill and before next spin. We also do pipetting up and down to mix the 

retentate to recover polysaccharide from the ultra filters.  

Step 1.2 has been revised to include these mixing steps.  

 

In line 162 "…for 0 °C" 

 

Author’s response:  

Checked entire manuscript for this typo and made correction when found.  

Procedure related to line 162 is now moved to Step 5.1. 

 

In line 215 there is a repetition of the word "at".  

 

Author’s response:  

This typo is corrected. (Note following Step 4.4)  

 

For meet a Journal requirement, avoid use brand names in the Protocol section. Instead "Eppedorf 

tube" write "centrifuge tube" or other similar. In line 406 consider the mention to a specific Sigma-

Aldrich solution for the same reason unless is considered unavoidable. "Zeba" in line 270 is another 

example. 

 

Author’s response:  

All company names, brand names and trademarks are now moved to Table of Materials.  

Line 406 is now step 7.3.3.  

Content associated with line 270 now belong to the Notes after the title of step 6.  

 

In line 409, "50 mM ADH" should be placed in lieu of "50 mM hydrazide" 

 

Author’s response:  

Good catch! This typo is corrected. See step 7.3.4 



 

 

I think that place the word "of" on line 133 "2 ml of 0.15 M NaCl" and line 363 "100 µl of 6 mg/ml 

resorcinol" for makes more natural the reading.  

 

Author’s response:  

Followed reviewer’s suggestion. Made corrections throughout the manuscript.  

 

It is clear that a diamine (eg. hexane diamine) can be used in the protocol instead of ADH. A mention of 

a possible pH for activation would be valuable. 

 

Author’s response:  

This is mentioned in discussion section and readers are referred to Vaccines article 

 

In Discussion, in line 497, change "a diamine for the adipic dihydrazide" to "the adipic dihydrazide for a 

diamine" 

 

Author’s response:  

This is corrected. See the 4th paragraph in discussion section.  

 

There are only eight references, when the Journal asks for at least ten. I'm not sure about the 

implication of such a thing.  

 

Author’s response:  

There are now 11 references 

 

Also consider revising formats, especially in reference 2 (semicolon/comma between author names, 

upper/lower case for author, etc.)  

 

Author’s response:  

Checked and corrected reference format according to Editorial suggestion below:  

[Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source (italics). Volume (bold) (Issue), 

FirstPage–LastPage (YEAR).]   

 

As for the notes, the Journal establish a manner for referring to hazardous chemical with the word 

"CAUTION" and then explaining the toxicity of the reagent, as the DMAP may be. 

 

Author’s response:  

Caution is added to use of DMAP 

 

Other formalities: place a space between number and its units, define abbreviations, and do not begin a 

sentence with a number or abbreviation (this last one is not specified in the author instruction of the 

Journal) 

 



Author’s response:  

Checked to ensure a space is added between a number and its units. Done 

Define abbreviations at its first appearance.  Done 

Checked to ensure that a sentence does not begin with a number. Done 

 

   

  

 

  



Reviewer #2: 
 
Manuscript Summary: 
Covalently linking protein to polysaccharides (PS) is an important step in developing PS-protein 
conjugate vaccines which converts the anti-polysaccharide immune response from a T-cell independent 
response to one which is T-cell dependent. At the same time Efficient manufacturing methodologies can 
help to reduce costs and increase vaccine supply. Of the three commonly used conjugation chemistries, 
cyanogen bromide, reductive amination and CDAP, CDAP gives the highest yields. High yields with CDAP 
chemistry can be achieved with a good understanding of the chemistry and the use of design of 
experiment to optimize multiple variables. CDAP chemistry is used in GSK's pneumococcal conjugate 
vaccine (Synflorix®) and Pfizer's meningococcal conjugate vaccine (Nimenrix®). Pneumosil, 10 valent 
Pneumococcal Polysaccharide Conjugate Vaccine manufactured by Serum Institute if India which uses 
CDAP chemistry has been recently approved by the World Health Organization for market authorization. 
 
The authors Lee and Zhao through this current paper have demonstrated an improved method for 
activating the PS by CDAP under selective and controlled temperature and pH conditions thereby 
developing a reproducible process which can be scaled up for derivatization with nucleophilic amino 
acids such as a linker reagent or directly with protein. In addition, the detailed stepwise procedure 
described in this paper can be of significant value to academic and biotech community who wish to 
utilize this activation chemistry for conjugation applications. At the same time the details about the 
process provides both theoretical and hands-on process information on conjugate vaccine synthesis 
using CDAP to maximize the efficiency of production and quality of the product. In that sense I consider 
this article as a valuable technical bulletin highlighting the key details about the process and product 
analytics (TNBS assay). The improvements in reaction parameters as a function of temperature (room 
temperature to 0oC), pH (DMAP addition, pH 9.5) and its impact on establishing a reproducible process 
can be translated to different application settings involving biologics. 
 
It would be helpful for the audience if the authors could comment on additional organic bases (such as 
DMAP) used in the process and if they noted similar observations with such basic organic 
solvents/buffers.  

 

Author’s response:  

Readers are referred to Vaccines article for further information 

 
 
 
In addition, can the authors comment if the activation conditions are the same for different 
polysaccharides such (a) as phosphorylated polysccahrides found in conjugate vaccines (Hib-conjugate 
vaccine, serotypes 6A/6B, 19A/19F etc); (b) difference in PS molecular weights (e.g 150 kDa and 
1000kDa) and if there any additional considerations one should observe/consider.  
 

Author’s response: Readers are referred to Vaccines article for these discussions.  But in any 

case, this article is not intended as a comprehensive discussion about CDAP chemistry.  It is 

meant to provide a simplified protocol compared with the original publication. 

 

 

 



 

 
 
 
 
I recommend the paper to be accepted after the inclusion of the minor suggestions above. 
 End of email 


