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H. POLYGYRUS EXCRETORY/SECRETORY PRODUCT 
(HES) PREPARATION 

Heligmosomoides polygyrus produces a suite of immuno-modulatory molecules 
when maintained in in vitro culture, and these also include many major antigenic 
targets of the parasite. This protocol describes culture of H. polygyrus adult worms 
rom the point at which adult worms have been recovered from infected mice (see 
Life Cycle Protocol), the collection of excretory-secretory product (HES), and its 
concentration and quantification. 
Reagents and Equipment 
(a) For Adult worm culture 
1. Hanks’ Balanced Salt Solution (HBSS), no calcium or magnesium (Gibco 

Life Tech Cat.No. 14170088). 
2. RPMI1640 Medium, no glutamine (Gibco Life Tech Cat.No. 31870025) 
3. P/S: Penicillin (10,000 U/ml) and Streptomycin (10,000 µg/ml), Gibco, Life 

Tech Cat.No. 15140122. Aliquotted into 5 ml tubes and stored at -20°C. 
4. L-Glut: L-Glutamine (200 mM), Gibco Life Tech, Cat.No. 25030024 
5. D-Glucose, Fisher Chemical Cat.No. G/0500/53. Make  25% glucose 

solution (25 g of D-Glucose up to 100ml of water, mix on stirring plate until 
complete dissolution). Sterile filter and store 20ml aliquots at -20°C). 

6. Gentamicin. 10 mg/ml  (Gibco Life Tech 15710049). 
7. Hpoly media – (all worm cultures are in this – NB. DON’T add FCS!!!!!!!) 

500 ml RPMI1640 
+ 20  ml of 25% glucose solution (final concentration 2%) (Note 1)  
+ 5 ml P/S (final concentrations 100 U/ml penicillin, 100 µg/ml 
streptomycin) 
+ 5 ml L-Glut (final concentration 2 mM). 
+ 5ml Gentamicin (final concentration 100 µg/ml) 

8. T25 Tissue culture flasks 
(b) For HES Concentration 
1. Amicon 50 ml Stirred Pressure Cell (Millipore Cat.No. UFSC05001) 
2. Amicon membranes: Ultracel 3kDa, Ultrafiltration Discs Chemistry 

Regenerated Cellulose (RC) Filter diameter 44.5mm (Millipore, Cat.No. 
PLBC04310) (Note 2). 

3. Nitrogen cylinder and Nitrogen regulator (see Appendix) 
4. Stirring plate in fridge 
5. Dulbecco’s PBS, no calcium, no magnesium (Gibco Life Tech Cat.No. 

14190094).  
6. Low Binding protein tubes: 0.5 ml Polypropylene Protein LoBind 

Microcentrifuge Tube, Eppendorf, Cat.No. 0030108094; and 1.5 ml 
Polypropylene Protein LoBind Microcentrifuge Tube, Eppendorf, Cat.No. 
0030108116. 

(c) For Protein Concentration and Storage 
1. Bradford assay:  
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- Coomassie Plus Bradford Assay Reagent (Pierce Cat.No.23236 ) 
- 96 Well Clear PVC Assay Microplate (Corning Cat.No. 2595)  
- Bovine Serum Albumin Standard Ampules, 2 mg/ml (Pierce Cat.No. 23209) 
- Plate reader (reading at 595 nm); or 
Nanodrop spectrophotometer (reading at 280 nm) 

2. Low Protein Binding 0.22 µm Filter, 33 mm diameter (Millex-GV Cat.No.  
SLGV033RS). 

3. Endotoxin (LPS) Assay :  
- Endpoint Chromogenic LAL assay  (Lonza Cat.No. 50-647U) or  
- LAL Chromogenic Endotoxin Quantitation Kit (Pierce Cat.No. 88282) 

Protocol 
(a) Adult worm culture 
1. Collect adult worms from Baermann apparatus 

(see Life Cycle Protocol). Use a plastic pipette to 
put worms in a 50 ml tube and wash 6 times with 
HBSS (prewarmed to 37°C), leaving to settle 
before removing media.   

2. NOTE: worm culture must be kept sterile from 
this point onwards. 

3. Then move to a laminar flow hood (room B642) and wash another 6 times 
in HBSS (prewarmed to 37°C) supplemented with P/S (5ml P/S per 500 
ml of HBSS). 

4. Soak worms in 10% Gentamicin (1 ml added to about 10 ml media left in 
tube) for 20 min, leaving tube resting at an angle to ensure worms are 
fully covered.  

5. Wash again 6 times with HBSS+P/S and count total number of worms.  
6. Distribute into T25 flasks with approx. 1000 worms in 15 ml Hpoly media 

in each and place in 37°C incubator (5% CO2) for a total of 3 weeks.  
7. Collect HES-containing culture media from worm cultures (flasks) at 24 

hr, and twice a week thereafter, expecting to recover ~12 ml and 
replenishing with an equal volume of fresh  Hpoly media. Set aside the 
first 24 hr culture medium due to potential contamination with host 
proteins or LPS – can be processed separately or discarded). 

 
8. Centrifuge HES-containing media in 15 ml or 50 ml tubes, at 400 x g for 5 

min to pellet eggs released in vitro. Pass the supernatant through 0.2 µm 
low-protein-binding filter with a syringe into 50 ml tube, to ensure sterility 
and exclude any remaining eggs. Store in the -20°C freezer clearly 
labelled with date of worm harvest and date of HES collection.  

9. At the end of 3 weeks, worms may be discarded, or frozen in RNAlater 
etc. 
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(b) HES Concentration 
1. Pool 500-1,000 ml of HES 

supernatant (usually from frozen 
stock, and not including the first 
24 hr collection) and concentrate 
over a 3,000 MWCO filter in the 
50 ml Amicon concentrator under 
nitrogen pressure. (Note 3, and 
Appendix). 
NOTE: Be very careful not to let 
the filter run dry.  

2. Add each tube of HES into the 
filtration device as required 
(typically 100-140 ml per day), 
until the volume is concentrated 
down to 2-5 ml. 

3. In order to remove buffer salts 
and metabolites from the HES-containing culture media, add 50 ml of 
pyrogen-free PBS to the filtration device and then concentrate down to 
approximately 2 ml. Repeat this step twice (150 ml of PBS in total).  

4. Transfer the concentrated HES into a 1.5 ml Low Binding Tube, filter 
sterilize through a 0.2 μm filter, in a laminar flow hood and measure 
protein concentration as below.  Expect a protein concentration of 0.5-1.0 
mg/ml. 

 (c) For Protein Concentration and Storage 
To determine protein concentration, either use the Bradford assay as detailed 
here, or measure the OD at 280 nm and convert to protein concentration using an 
empirically determined extinction coefficient. In either case, measure protein 
concentration before and after filtration through 0.2 µm filter 
Bradford Assay 
1. Prepare BSA standards in PBS from 2,000 ug/ml to 1.95 ug/ml (doubling 

dilution with vortex and centrifugation between each dilution). 
 NOTE: Can be stored at 4°C for months 
2. On ice and in laminar flow hood, set aside 22 µl of concentrated HES in 

Low Binding tube. 
3. Add 10 µl of BSA standard dilutions, PBS (blank) or sample per well of a 

96 well plate (each in duplicate). 
4. Add 190 µl of Coomassie Plus Bradford Assay per well and mix well 

(homogenous colour). 
NOTE: avoid bubbles, they interfere with reading 

5. Read at OD at 595 nm with a plate reader (see Appendix for VersaMax) 
6. Perform a chromogenic LAL assay according to the manufacturer’s 

protocols on each batch of HES prior to use (see LAL Chromogenic 
Endotoxin Quantification Protocol). If LPS levels are greater than 1 U LPS 
per 1 µg protein, consider not using this batch for in vivo experiments or 
in vitro cultures. 

7. Aliquot in Low binding protein tubes, label with batch number and date, 
and freeze at -80°C. 
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Notes 
1. RPMI1640 is supplied with 0.2% glucose, so the final concentration is 

actually 2.2%. 
2. The Amicon membrane can be stored in 20% ethanol and re-used; doing 

so is likely to reduce loss of proteins adhering to the membrane. 
3. To set up the filter device, first wash the 3 kDa membrane shiny side 

down in a 1 liter beaker with distilled water for 3 x 20 min whilst stirring. 
Assemble Amicon as per manufacturer’s instructions with filter membrane 
shiny side up. Place in cabinet at 4°C on a stirring plate and run through 
50 ml of dH20 first, then start adding defrosted HES. 

4. Process the HES collected at 24 hr separately in the same manner; it 
may contain LPS and some host proteins and, while not suitable for 
functional experiments, it is a useful source of individual molecules that 
may be isolated by monoclonal antibody affinity purification. 
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Appendix 1 : Nitrogen Regulator for Amicon Pressure Cell 
 

  



Appendix 2 Assembly of Amicon Pressure Cell 
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Appendix 3 
Bradford Protein Determination With VersaMax plate reader: 
- Connect the plate reader to the computer, start SoftMax Pro software and 

select “Protocol/Protein assay/Bradford”. 
- In Plate01, double click on Template and enter samples, standards and  

blank on the map. For Standard, click on Series and complete 
concentrations.  

- Place the 96 wells plate in the plate reader and clic on “Read” 
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- R2 should be the closest to 1 
- Standard curve is often the best with “Expontial” (select this option with button 
above the curve) 
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