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[Abstract] Research on wound healing majorly relies on rat, mice and other animal models. However,
an alternative animal model ought to be brought in the field, pertaining to the stringent ethical issues
owing to the use of animals in research. In this regard, Caenorhabdits elegans, a miniature model
nematode gains the great attention of the researchers in wound healing. Though, the model is being
explored in wound research for more than a decade, the existing protocols lack the acquisition of large
wound population that in turn could enable the utility of global genomics (G), proteomics (P) and
metabolomics (M) based approaches. In order to overcome the inadequacy of the existing protocols,
the protocol described here affords the acquisition of voluminous wound population in C. elegans using

truncated glasswool pieces to enable the utility of high throughput analytical techniques.
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[Background] Wounding of C. elegans is being done by fungal infection of Drechmeria coniospora
(Pujol et al., 2008), micro-injection needle (Xu and Chisholm, 2014), femtosecond laser treatment
(Chung et al., 2006) and micrometer-scale fine glass shards (Zhang et al., 2015). Most of these existing
protocols involves individual wounding of worms in order to observe the roles of interested molecular
players upon injury and during the process of healing. Existing methods have provided loads of new
and useful insights from the mechanism of healing in C. elegans which was also proven to be
extrapolatable to higher mammalian models. Nevertheless, the methods were inadequate to obtain
large wound population in a shortframe of time and hence the further utility of high throughput alaytical
techniques in G, P and M studies becomes tedious. In the era where high throughput analyses become
the future of research, a new alternate protocol is required to obtain large wound population in single
stretch at quick frame of time. Incidentally, glass wool wounding protocol described over here was
established (Pooranachithra et al., 2019) inspired by the protocol described by Zhang et al., (2015). In
addition to high throughput analytical techniques, the method was also found to be reliable for high

throughput screening of active therapeutics for improved wound healing.

Materials and Reagent

Glass wool (HIMEDIA, catalog number: RM1232)

50 ml Falcon tubes (TARSONS, catalog number: 546021)

1.5 ml Eppendorf tubes (TARSONS, catalog number: 500010)
200 pl and 1 ml pipete tips (TARSONS, catalog numbers: 521010 and 521020)
Microscope slides (LABTECH, catalog number: 217101) and Cover slips (BLUE STAR, 22 mm
10g)

60 x 15 mm Petri plates

C. elegans strain, N2 (Wild type) (CGC, Minnesota)

E. coli OP50 (CGC, Minnesota)

9. Nile red (Sigma, catalog number: 72485-100MG)

10. Methanol (Fisher Scientific, catalog number: 43637G)

11. KH2PO4

12. K2HPOq4

13. MgSOs4

14. CaCl

15. Cholesterol

16. Ethanol

17. NaCl

18. Peptone

19. Agar

20. NazHPO4

21. Tryptone
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22.
23.
24.
25.
26.
27.
28.
20.
30.
31.

Yeast extract

House hold bleach solution

KPO4 (1 M) (see Recipes)

MgSOa4 (1 M) (see Recipes)

CaClz (1 M) (see Recipes)

5 mg/ml Cholesterol in 95% ethanol (see Recipes)
NGM plates (see Recipes)

M9 buffer (see Recipes)

Nile red solution (see Recipes)

LB broth (see Recipes)

Equipment

© ® N o g k0 Db

Scissors

T20, T200 and T1000 pipets (TARSONS, catalog numbers: 030020; 030040; 030050)
Erlenmeyer flask (BOROSIL, catalog number: 4100029)

Marter and Pestle (Thermo Scientific, catalog number: 533669)

Dissecting stereo microscope (NIKON, model: SMZ 1000)

20 °C C. elegans incubator (SANYO, Cooled incubator, model: MIR 554)

37 °C bacterial incubator with shaker (SCIGENICS BIOTECH, ORBITEK, LETTD)
Vortex Mixer (DLAB, MX-S, 8031102000)

Autoclave (EQUITRON, Vertical Autoclave)

Software

1.

Microsoft Excel

Procedure

A. Preparation of truncated glass wool stock for wounding of C. elegans

1.

Pour 30 ml of M9 buffer into a sterile 50 ml Falcon tube and add glass wool as much as it can
hold.

Cut the glass wool into pieces using a scissors and make sure the glass wool is immerced in
the buffer to avoid floating of fine glass shards in the air.

Continue to cut the glass wool until it's volume reaches 5 ml as displayed in Figure 1 and

transfer the course truncated glass wool pieces to a morter and pestle along with the M9 buffer.
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Figure 1. Truncated glass wool pieces transferred to a sterile 50 ml Falcon tube after
cutting/grinding

Grind it for 20 min to make it fine for the further purpose of injuring the miniature model, C.
elegans.

After grinding, transfer the truncated glass wool pieces to a new 50 ml Falcon tube and
autoclave the same at 121 °C for 20 min.

After autoclave, store it in room temperature and make sure that the glass wool is autoclaved
before every wounding process to avoid contamination and ensure sterile wounding of C.

elegans.

B. Preparation of worms for wounding

1.

Bleach the gravid hermaphrodites by exposing to equal volume of 5 M KOH and house hold
bleach solution (1:1 ratio) for 50 S and transfer the eggs to an Nematode Growth Medium
(NGM) plate seeded with E. coli OP50 following two M9 wash by centrifuging at 3,500 x g for 1
min.

Incubate the plates at 20 °C until the worms reach young adult stage (~2.5 days). Before going
for wounding of C. elegans, collect the worms in a 1.5 ml Eppendorf tube by washing from the

plate using M9 buffer.

C. Glass wool wounding of C. elegans

1.

Transfer 50 mg of autoclaved truncated glass wool pieces in a 1.5 ml Eppendorf tube by
pipetting using 1 ml pipet tips and add 5 pl of nile red (1%) to it by gentle mixing for traking the
site of injury after glass wool wounding.

Remove the M9 content as much as possible by pipetting and add equal volume of young
adult stage worms above the glass pieces.

Vortex the tubes strictly for 1 min by directly keeping it on the vortex mixer. Rotate the tube
periodically to cover all the worms during vortex.
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4. Use another Eppendorf tube for wounding while handling higher volumes of worms to avoid
the increase in propotion of uninjured worms in the resulted population.
5. Use maximum of 100 ul of worms containing more than 5,000 numbers of worms/tube and

ensure the usage of 1.5 ml Eppendorf tubes for successful wounding of C. elegans.

D. Recovery of wounded worms after injury
1. Follow the below steps to recover the worms after injury based on the requirement.
a. Recovery of wounded worms for microscopic imaging

i. After vortex wounding, add 500 pl of M9 on the walls of the Eppendorf tube without
disturbing the worms.

ii. Later, transfer the worms rested above the glass pieces by pipetting (T20 pipet) to a
glass slide and cover it with a cover slip.

ii. Visualise the worms under stereo microscope and score the injured worms by
differentiating the site of injury spoted in red by the application of nile red as shown in
the Figure 2.

9 e res 9 e e

Figure 2. Glass wool wounded worm with unwounded control. Unwounded worm with
intact skin layer (Left); Wounded worm with injury created by piercing with truncated glass wool

indicated with an arrow mark (Right). Scale bars express 100 microns.

b. Recovery of wounded worms for high throughput analysis

i. After vortex wounding, add 1 ml of M9 and gently mix the content by pipetting using
T1000 pipet.

i. Letthe worms settle above the glass piece and repeat the same for twice to clear out
the Nile red and the inserted glass wool pieces.

ii. After washing, let the worms settle and transfer them all to a new Eppendorf tube by
pippeting.

iv. Use edge cut tips with T1000 pipet for handling and washing of worms after glass wool

wounding.
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Data analysis

Notes

Score the worms for injured, uninjured and disintegrated under the microscope after the
wounding process.

Collect the scores in triplicate to ensure for obtaining > 75% injured, < 20% uninjured and < 5%
disintegrated worms as mean values with + 5% standard errors.

Use the formula (Number of injured worms/Total Number of worms in the slide)*100 for
calculating the % of injured worms.

Use excel for calculating standard One way ANOVA for statistical assessment.

Ensure wearing of gloves and masks while preparing and handling glass wool (Compulsory).
Make sure the truncated glass wool pieces are immersed in buffer to avoid floating of the same
in air.

Make sure the glass wool stock is sterile by autoclaving it before every wounding process.
Ensure the stage of worms to be young adult or adult as the method is reliable only for the
adults, with the size of worms (1 mm) to be maximum.

For wounding of larval animals, fine glass wool powders can be used.

Nile red in the study was used as a colored solution that aids in localization and depth of injury.
Additionally, any dying agents could be used in the place. However, Nile red is recommended
for improved traceability of injury by glass wool wounding in C. elegans. Application of Nile red
is preferred in case of microscopic observations where it could be ignored for direct subjugation
of wounded population for high throughput analyses.

Make sure that the time taken for vortexing with glass wool not to exceed 1 min, as the depth of

injury increases with an increase in time taken for vortexing as shown in Figure 3.
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Figure 3. Worms wounded by vortex for various time points. Vortex for 1, 3, 5, 7 and 10

min are represented as W1, W2, W3, W4 and W5, respectively, in the figure.

8. Ensure wiping the work space after completion of work with wet cotton to get rid of any spilled

out fine pieces of glass.

Recipes

1. KPO4 (1 M)
For 100 ml, add 10.8 g of KH2PO4, 3.6 g K2HPO4 and make it up to 100 ml, autoclave at 121 °C
for 20 min
2. MgSOs4 (1 M)
For 100 ml, add 12 g of MgSO4 and make it up to 100 ml, autoclave at 121 °C for 20 min
3. CaClz (1 M)
For 100 ml, add 11 g of CaClz and make it up to 100 ml, autoclave at 121 °C for 20 min
4. 5 mg/ml Cholesterol in 95% ethanol
Dissolve 5 mg of Cholesterol in 95% of ethanol
5. NGM plates
a. Prepare the plates by adding 3 g NaCl, 2.5 g peptone and 17 g agar in Erlenmeyer flask
b. Make up the volume to 1 L with deionized water
c. Autoclave the contents at 121 °C for 20 min and add 1 ml of 1 M CaClz, 1 ml of 1 M MgSO4,
1 ml of 5 mg/ml cholesterol in ethanol, and 25 ml 1 M KPOs, once it reaches the bearable
temperature
d. After mixing it thoroughly, dispense the NGM solution to 2/3 of the 60 x 15 mm Petri plates.
Let the plates to solidify and seed them with E. coli OP50 food source (addition of Nystatin
and streptomycin is recommended to avoid contamination of NGM during preparation)
e. For seeding purpose, use 200 pl of E. coli OP50 culture (OD = 0.5) grown in LB broth and
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incubate the plates for overnight at 37 °C (store the plates at 4 °C for later use)
6. M9 buffer
For 1,000 ml, add 3 g of KH2PO4, 6 g of Na2HPO4, 5 g of NaCl, 0.25 g of MgSO4+7H0 and
make up the volume to 1,000 ml with deionized water, autoclave at 121 °C for 20 min
7. Nile red solution
Disolve 10 mg of Nile red in 1 ml of absolute methanol
8. LB broth
For 100 ml, add 1 g of Tryptone, 0.5 g of Yeast extract, 1 g of NaCl and make it up to 100 ml

with deionized water, autoclave at 121 °C for 20 min
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