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Genome Isotype Gene identifier Scaffold Start End Strand

Ascaris lumbricoides 
GCA_000951055.1 A ALUE_0000927201 470 57079 61212 F

B ALUE_0000986501 555 88104 95361 R

B' ALUE_0001827701 3406 8964 15029 F

C ALUE_0000494801 77 278876 284803 F

D ALUE_0001031701 629 12771 18776 F

E ALUE_0000949301 501 88208 98499 R

F ALUE_0000949201 501 63518 77036 R

G ALUE_0001294101 1173 40528 50229 F

Ascaris suum 
GCA_000298755.1 A GS 23993 581 536551 556407 F

B GS 01240 1232 159135 165526 R

C GS 11145 353 1098450 1104172 F

D GS 13691 576 10531 16524 F

E GS 05353 4 82719 93772 R

F GS 11773 4 63146 74606 R

G GS 22804/GS 10401 150 392918 401515 F

Ascaris suum
GCA_000187025.3 A AgB02-g235 AgB02 3972969 3980469 F

B AgR022-g106 AgR022 1339279 1348771 F

C AgE31-g003 AgE31 35111 46174 F

D AgR043-g091 AgR043 1472802 1487383 R

E AgB01-g252 AgB01 3803075 3814443 R

E' N/A AgE03 198483 201247 F

F AgB01-g251 AgB01 3782705 3795903 R

Ascaris lumbricoides 
GCA_015227635.1 A SMSY01000002.1 ALgV5B02 3964570 3969295 F

B SMSY01000143.1 ALgV5R022 1332956 13392117 F

C SMSY01000067.1 ALgV5E31 35157 40897 F

D SMSY01000164.1 ALgV5R043 1467814 1464808 R

E SMSY01000001.1 ALgV5B01 3774732 3764809 R

E' SMSY01000039.1 ALgV5E03 186236 190335 F

F SMSY01000001.1 ALgV5B01 3755621 3744200 R

Ascaris suum
GCA_013433145.1 A JACCHR010000021.1 Chr X2 7870786 7875616 F

B JACCHR010000005.1 Chr 5 3747868 3754006 F

C JACCHR010000005.1 Chr 5 5413755 5424572 F

D JACCHR010000014.1 Chr 14 5946712 5952717 F

E JACCHR010000008.1 Chr 8 6785808 6774748 R

F JACCHR010000008.1 Chr 8 6766690 6755420 R

G JACCHR010000006.1 Chr 6 10203269 10211715 F

Supplementary Table S1. β-tubulins identified in Ascaris genomes. Table shows genome 
identifiers of the β-tubulin isotypes found in the Ascaris genomes. Information on the 
scaffold/chromosome is given along with the start and stop positions of each gene and which 
strand the gene is found on (F- forward strand, R- reverse strand). Three genomes were 
accessed through Wormbase-Parasite (Ascaris lumbricoides (GCA_000951055.1); Ascaris suum 
(GCA_000298755.1 and GCA_000187025.3)). Two addition genomes were downloaded from 
NCBI (Ascaris lumbricoides (GCA_015227635.1) and Ascaris suum (GCA_013433145.1)). 



β-tubulin sequence Accession 

DNA Peptide

Ascaris lumbricoides β-tub 1 EU814697.1 ACJ01792.1

Parascaris equorum β-tub 1A KC713797.1 AGM37949.1

Parascaris equorum β-tub 1B JN034256.1 AEJ35172.1

Parascaris equorum β-tub 2 KC713798.1 AGM37950.1

Ascaridia galli β-tub 1 KC713796.1 AGM37948.1

Anisakis simplex β-tub 1 KP326559.1 AKI85333.1

Toxocara canis β-tub 1A >> KHN85540.1

Toxocara canis β-tub 1B >> KHN79356.1

Toxocara canis β-tub 4A >> KHN79367.1

Toxocara canis β-tub 4B >> KHN85618.1

Toxocara canis β-tub 1C >> KHN83955.1

Toxocara canis β-tub 1D >> KHN85343.1

Haemonchus contortus β-tub 1 M76493.1 AAA29170.1

Supplementary Table S2. Helminth β-tubulins. Table shows accession numbers for the 
addition helminth sequences used in this study. The Ascaris lumbricoides β-tubulin sequence 
was used as the reference gene to search databases for β-tubulin isotypes. The 
Ascaridomorpha sequences (Parascaris equorum, Ascaridia galli, Anisakis simplex and
Toxocara canis) were included in phylogenies to gain insights into the relationship of the β-
tubulins isotypes in this family of helminths. Toxocara canis sequences were only stored under 
peptide sequences in NCBI database, however the nucleotide sequences were provided in the 
peptide accession information. The Haemonchus contortus sequence was used for in silico 
analysis as a comparison with previous research.



ASA-ABZ -5.8 kcal/mol ASA-ABZSO -5.7 kcal/mol

ASA-FBZ -6 kcal/mol ASA-MBZ -6.2 kcal/mol

ASA-OXBZ -6.2 kcal/mol ASA-all drugs

Supplementary Figure S2: Autodock vina docking results for A. suum isotype A and several 

benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole sulfoxide (ABZSO), 

fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 2D models are 

shown for each docking result. Binding affinities are shown underneath each model. In ABZ 

docking H-bonds form with Q134 and E198 and an additional unfavourable acceptor-acceptor 

bond with E198 is also seen in the 2D models. For ABZSO the only H-bond seen is with Q134 

in both models, and again an unfavourable bond is seen in the 2D model, this time a donor-

donor bond is made with Q134. In both FBZ models the only bond found is with E198. For 

MBZ the 3D model shows a single H-bond with Q134 whereas in the 2D model two bonds are 

made with Q134 and one is made with V236. Finally, in both OXBZ models one H-bond is 

formed with Q134 and E198



ALA- ABZ -5.7 kcal/mol ALA- ABZSO -5.7 kcal/mol

ALA- FBZ -6.1 kcal/mol

ALA- OXBZ -6.3 kcal/mol ALA- all drugs

ALA- MBZ -5.8 kcal/mol

Supplementary Figure S3: Autodock vina docking results for A. lumbricoides isotype A and 

several benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole sulfoxide 

(ABZSO), fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 2D 

models are shown for each docking result. Binding affinities are shown underneath each 

model. In ABZ docking H-bonds form with Q134 and E198 and an additional unfavourable 

acceptor-acceptor bond with E198 is also seen in the 2D models. For ABZSO the only H-bond 

seen is with Q134 in both models, and again an unfavourable bond is seen in the 2D model, 

this time a donor-donor bond is made with Q134. In the FBZ binding models single H-bonds 

are predicted with L253 and N256. For MBZ the 3D model shows a single H-bond with Q134 

whereas the 2D model shows an extra bond is made with V236. Both models for OXBZ show 

one H-bond with Q134 and E198, yet in the 2D model and additional unfavourable acceptor-

acceptor bond with E198.



ASA_167Y-ABZ -4.4 kcal/mol ASA_167Y-ABZSO -4.6 
kcal/mol

ASA_167Y-FBZ -5 kcal/mol ASA_167Y-MBZ -6 kcal/mol

ASA_167Y-OXBZ -4.1 kcal/mol ASA_167Y-all drugs

Supplementary Figure S4: Autodock vina docking results for A. suum 167Y mutated isotype 

A and several benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole 

sulfoxide (ABZSO), fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 

2D models are shown for each docking result. Binding affinities are shown underneath each 

model. In these mutated 167Y models we see the larger tyrosine amino acid forming bonds 

with the drugs whereas the natural phenylalanine amino acid does not interact in any other 

amino acids. In ABZ 3D model we find H-bond formation with Q134 and 167Y. In the 2D 

model, however, we also see an additional H-bond and unfavourable acceptor-acceptor bond 

with E198. For ABZSO and MBZ both 2D and 3D models show one H-bond with Q134, 167Y 

and E198. For FBZ we again see H-bond formation with Q134, 167Y and E198, but an 

additional bond with V236 is also seen in the 2D model. In both models for OXBZ two H-

bonds are made with E198 only. 



ALA_167Y- ABZ -4.4 kcal/mol ALA_167Y- ABZSO -4.6 
kcal/mol

ALA_167Y- MBZ -5.9 
kcal/mol

ALA_167Y- FBZ -5 kcal/mol

ALA_167Y- OXBZ -3.3 kcal/mol ALA_167Y- all drugs

Supplementary Figure S5: Autodock vina docking results for A. lumbricoides 167Y mutated 

isotype A and several benzimidazole drugs. The drugs used are albendazole (ABZ), 

albendazole sulfoxide (ABZSO), fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole 

(OXBZ). 3D and 2D models are shown for each docking result. Binding affinities are shown 

underneath each model. In these mutated 167Y models we see the larger tyrosine amino acid 

forming bonds with the drugs whereas the natural phenylalanine amino acid does not 

interact in any other amino acids. In ABZ H-bonds are formed with Q134, 167Y and V236 in 

both models. For both ABZSO and FBZ H-bonds are made with Q134, 167Y and E198 in 2D 

and 3D models. In MBZ both models show H-bond formation with Q134 and E198. Finally, in 

OXBZ two H-bonds are made with E198 in the 3D model but none are predicted in the 2D 

model.  



ASA_198A-ABZ -5.7 kcal/mol

ASA_198A-FBZ -6.2 kcal/mol ASA_198A-MBZ -7.6 kcal/mol

ASA_198A-OXBZ -6.1 kcal/mol ASA_198A-all drugs

ASA_198A-ABZSO -6.2kcal/mol

Supplementary Figure S6: Autodock vina docking results for A. suum 198A mutated isotype 

A and several benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole 

sulfoxide (ABZSO), fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 

2D models are shown for each docking result. Binding affinities are shown underneath each 

model. When the mutated 198A amino acid is present, it affects the binding and no H-bond 

formation is seen with any drug.



ALA_198A- ABZ -5.7 kcal/mol ALA_198A- ABZSO -6.2 kcal/mol

ALA_198A- FBZ -6.2 kcal/mol ALA_198A- MBZ -7.6 kcal/mol

ALA_198A- all drugsALA_198A- OXBZ -6.1 kcal/mol

Supplementary Figure S7: Autodock vina docking results for A. lumbricoides 198A mutated 

isotype A and several benzimidazole drugs. The drugs used are albendazole (ABZ), 

albendazole sulfoxide (ABZSO), fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole 

(OXBZ). 3D and 2D models are shown for each docking result. Binding affinities are shown 

underneath each model. When the mutated 198A amino acid is present, it affects the binding 

and no H-bond formation is seen with any drug.



ASA_200Y-ABZ -5.5 kcal/mol ASA_200Y-ABZSO -5.2 
kcal/mol

ASA_200Y-MBZ -6.4 kcal/mol

ASA_200Y-OXBZ -4.4 kcal/mol

ASA_200Y-FBZ -6 kcal/mol

ASA_200Y-all drugs

ASA_200Y- Self binding

Supplementary Figure S8: Autodock vina docking results for A. suum 200Y mutated isotype 

A and several benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole 

sulfoxide (ABZSO), fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 

2D models are shown for each docking result. Binding affinities are shown underneath each 

model. When amino acid 200 is mutated to tyrosine the close proximity between the 200Y 

and E198 amino acids allows H-bonds to form between them. In ABZ both models show two 

H-bonds with 200Y. For ABZSO and FBZ one H-bond is seen with 200Y in the 3D models but 

no bonds are seen in the 2D models. In MBZ a H-bond is formed with 200Y in both models. 

The 3D models for OXBZ show H-bonds with Q134, E198 and 200Y but only the E198 bond is 

seen in the 2D model. 



ALA_200Y- ABZSO -5.3 
kcal/mol

ALA_200Y- FBZ -6 kcal/mol ALA_200Y- MBZ -6.6 
kcal/mol

ALA_200Y- OXBZ -4.7 kcal/mol ALA_200Y- all drugs

ALA_200Y- ABZ -5.4 kcal/mol

ALA_200Y- self binding

Supplementary Figure S9: Autodock vina docking results for A. lumbricoides 200Y mutated 

isotype A and several benzimidazole drugs. The drugs used are albendazole (ABZ), 

albendazole sulfoxide (ABZSO), fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole 

(OXBZ). 3D and 2D models are shown for each docking result. Binding affinities are shown 

underneath each model. When amino acid 200 is mutated to tyrosine the close proximity 

between the 200Y and E198 amino acids allows H-bonds to form between them. In ABZ both 

models show two H-bonds with 200Y. For ABZSO and MBZ one H-bond is seen with 200Y in 

the 3D models but no bonds are seen in the 2D models. In FBZ a H-bond is formed with 200Y 

in both models. The OXBZ 3D model shows two H-bonds with 200Y but the 2D model shows 

only one with 200Y and E198.



ASB-ABZ -4.3 kcal/mol ASB-ABZSO -4.6 kcal/mol

ASB-FBZ -5.1 kcal/mol ASB-MBZ -6.5 kcal/mol

ASB-OXBZ -3.3 kcal/mol ASB-all drugs

Supplementary Figure S10: Autodock vina docking results for A. suum isotype B and several 

benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole sulfoxide (ABZSO), 

fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 2D models are 

shown for each docking result. Binding affinities are shown underneath each model. A single 

H-bond with E198 (labelled as E279 due to isotype B being a longer protein) is seen in all 

models for each drug, the exception is that for the ABZSO and OXBZ 2D models no H-bonds 

are found. 



ALB- ABZ -5.9 kcal/mol ALB- ABZSO -6.1 kcal/mol

ALB- FBZ -7.3 kcal/mol ALB- MBZ -8.5 kcal/mol

ALB- OXBZ -6 kcal/mol ALB- all drugs

Supplementary Figure S11: Autodock vina docking results for A. lumbricoides isotype B and 

several benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole sulfoxide 

(ABZSO), fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 2D 

models are shown for each docking result. Binding affinities are shown underneath each 

model. For ABZ a single H-bond with E198 (labelled as E267 due to isotype B being a longer 

protein) is seen in both 2D and 3D models. For ABZSO we find two H-bonds with E198, one 

with Q134 (Q203) and one with S165 (S234) in the 3D model, with only one bond seen to 

each in the 2D model. For FBZ, MBZ and OXBZ the models show H-bonds to Q134, S165 and 

V236 (V305) in all models, with the addition of Y50 (Y119) in the 2D models for MBZ and 

OXBZ.



ASC-ABZ -6.6 kcal/mol ASC-ABZSO -6.6 kcal/mol

ASC-FBZ -7.8 kcal/mol ASC-MBZ -8.4 kcal/mol

ASC-all drugsASC-OXBZ -7.2 kcal/mol

Supplementary Figure S12: Autodock vina docking results for A. suum isotype C and several 

benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole sulfoxide (ABZSO), 

fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 2D models are 

shown for each docking result. Binding affinities are shown underneath each model. In ABZ  

3D docking models we find a H-bond formed with E198, yet in the 2D models we see that on 

top of this there is also a bond with Q134 and although unfavourable there is a donor-donor 

bond with S165. For all other drugs we see a single H-bond formed with V236 in both models, 

with an extra bond to A315 in ABZSO 3D model and C239 in the OXBZ 2D model.



ALC- ABZ -6.6 kcal/mol ALC- ABZSO -6.1 kcal/mol

ALC- FBZ -7.8 kcal/mol ALC- MBZ -8.5 kcal/mol

ALC- OXBZ -7.2 kcal/mol ALC- all drugs

Supplementary Figure S13: Autodock vina docking results for A. lumbricoides isotype C and 

several benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole sulfoxide 

(ABZSO), fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 2D 

models are shown for each docking result. Binding affinities are shown underneath each 

model. In ABZ  3D docking models we find a H-bond formed with E198, yet in the 2D models 

we see that on top of this there is also a bond with Q134 and although unfavourable there is 

a donor-donor bond with S165. In the ABZSO 3D and 2D docking models one H-bond is 

formed with S165 only. For all other drugs we see a single H-bond formed with V236 in both 

models, with an extra bond to A315 in ABZSO 3D model and C239 in the OXBZ 2D model.



ASD-ABZSO -6.8 kcal/mol

ASD-FBZ -7.1 kcal/mol ASD-MBZ -8.6 kcal/mol

ASD-OXBZ -6.3 kcal/mol ASD-all drugs

ASD-ABZ -6.2 kcal/mol

ASD-self binding
Supplementary Figure S14: Autodock vina docking results for A. suum isotype D and several 
benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole sulfoxide (ABZSO), 
fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 2D models are 
shown for each docking result. Binding affinities are shown underneath each model. A single 
H-bond is made with V236 and ABZ in both 3D and 2D models. For ABZSO we see two H-
bonds with amino acids V236 and A315 and one H-bond with Q134, Y200 and K350 in the 3D 
model. In the 2D model we again find two H-bonds with V236, but only a single bond with 
A315, along with Q134 and Y200. In the FBZ models we see one H-bond made with Q134 in 
both 3D and 2D model, H-bonds are also formed with Y200 in both models with two seen in 
the 3D and one in the 2D models. For MBZ we see the formation of two H-bonds to V236 and 
one with Y200 in both models, in addition to this the 3D model shows an extra bond with 
Q134 and the 2D model shows a bond with A315. Finally, in the OXBZ models we again find 
the formation of two H-bonds with V236, along with single bonds to Q134 and Y200 in both 
models.



ALD- ABZ -6.2 kcal/mol ALD- ABZSO -6.8 kcal/mol

ALD- FBZ -7 kcal/mol ALD- MBZ -8.5 kcal/mol

ALD- OXBZ -7.1 kcal/mol ALD- all drugs

ALD- self binding
Supplementary Figure S15: Autodock vina docking results for A. lumbricoides isotype D and 
several benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole sulfoxide 
(ABZSO), fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 2D 
models are shown for each docking result. Binding affinities are shown underneath each 
model. For ABZ models one H-bond is formed with Q134 in both models. The 3D model then 
shows a H-bond with E198, whilst the 2D models show two bonds between the drug and 
E198. For ABZSO we see two H-bonds with amino acids V236 and A315 and one H-bond with 
Q134, Y200 and K350 in the 3D model. In the 2D model we again find two H-bonds with 
V236, but only a single bond with A315, along with Q134 and Y200. With FBZ two H-bonds 
form with Y200 and one forms with Q134 in both models, there is also an additional bond 
with E198 seen in the 2D model.  For MBZ we see the formation of two H-bonds to V236 and 
one with Y200 in both models, in addition to this the 3D model shows an extra bond with 
Q134 and the 2D model shows a bond with A315. The OXBZ models both show a single H-
bond formation with Y200, however the 2D models show an additional bond with V236.



ASE- ABZ -5.6 kcal/mol ASE- ABZSO -5.9 kcal/mol

ASE- FBZ -6.9 kcal/mol ASE- MBZ -7.4 kcal/mol

ASE- OXBZ -6.5 kcal/mol ASE- all drugs

Supplementary Figure  S16: Autodock vina docking results for A. suum isotype E and several 

benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole sulfoxide (ABZSO), 

fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 2D models are 

shown for each docking result. Binding affinities are shown underneath each model. In ABZ, 

docking shows two H-bonds with E198 and one with N165 in the 3D model but two H-bonds 

with both Q134 and E198 in the 2D model. With ABZSO the 3D models show one H-bond with 

N165 and E198, however the 2D model predicts H-bonds with Q134, E198, V236 and A315. 

Both models for FBZ find single H-bonds with Q134, N165 and E198. In the MBZ 3D model 

one H-bond is predicted to form with Q134, N165 and E198 whereas in the 2D model the H-

bonds are seen with Q134, E198 and A315. Finally, the OXBZ 3D model predicts H-bonds with 

N165 and E198, whilst the 2D model shows an additional bond with Q134.



ALE- ABZ -6.1 kcal/mol ALE- ABZSO -6.8 kcal/mol

ALE- FBZ -7.5 kcal/mol ALE- MBZ -8.3 kcal/mol

ALE- all drugsALE- OXBZ -7.3 kcal/mol

Supplementary Figure S17: Autodock vina docking results for A. lumbricoides isotype E and 

several benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole sulfoxide 

(ABZSO), fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 2D 

models are shown for each docking result. Binding affinities are shown underneath each 

model. In ABZ docking two H-bonds are seen with N165 in the 3D model with an additional 

bond with E198 shown in the 2D model.  for ABZSO both models predict the formation of one 

H-bond to N165 and two H-bonds to E198. For FBZ H-bond formation with N165 and E198 is 

seen in the 3D model, whereas H-bonds are made with E198 and V236 in the 2D model. In 

the 3D model for MBZ two H-bonds are made with N165 and in the 2D model an additional 

bond with A315 is seen. Finally, for OXBZ the 3D model shows two H-bonds with N165 and 

one with A315, however the 2D model only finds the two bonds with N165.  



ASF- ABZ -7.2 kcal/mol ASF- ABZSO -7.7 kcal/mol

ASF- FBZ -7.5 kcal/mol ASF- MBZ -8.4 kcal/mol

ASF- OXBZ -7.1 kcal/mol ASF- all drugs

Supplementary Figure S18: Autodock vina docking results for A. suum isotype F and several 

benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole sulfoxide (ABZSO), 

fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 2D models are 

shown for each docking result. Binding affinities are shown underneath each model. In ABZ 

both docking models predict two H-bonds with both Q134 and E198. For ABZSO two H-bonds 

are made with Q134 and E198 and a single bond is formed with T165 in both 3D and 2D 

models. The FBZ 3D model predicts three H-bonds with E198, two H-bonds with Q 134 and 

one bond with T165, the 2D model is similar but only shows two H-bonds with E198. In both 

models for MBZ two H-bonds are seen with E198 and one is seen with Q134 and T165. The 

final drug, OXBZ has H-bonds with T165 and V236 in both models.



ALF- ABZ -7.2 kcal/mol ALF- ABZSO -7.8 kcal/mol

ALF- FBZ -7.4 kcal/mol ALF- MBZ -8.7 kcal/mol

ALF- OXBZ -6 kcal/mol ALF- all drugs

Supplementary Figure S19: Autodock vina docking results for A. lumbricoides isotype F and 

several benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole sulfoxide 

(ABZSO), fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 2D 

models are shown for each docking result. Binding affinities are shown underneath each 

model. In ABZ both models show two H-bonds with both Q134 and E198 but in the 2D model 

an extra H-bond with T165 is also shown. For ABZSO two H-bonds are shown with Q134 and 

E198 and one H-bond is formed with T165 and L253 in the 3D model, however in the 2D 

model the bond with L253 is not found. In FBZ two H-bonds are formed with E198 and one 

bond is formed with Q143 and T165 in both models. The 3D model for MBZ shows single H-

bonds with Q134 and E198 however the 2D model shows only the bond with E198. Finally, 

both models for OXBZ predict H-bond formation with T165 and E198. 



Supplementary Figure S20: Autodock vina docking results for A. suum isotype G and several 

benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole sulfoxide (ABZSO), 

fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 2D models are 

shown for each docking result. Binding affinities are shown underneath each model. The 

interactions between ASG and ABZ form 2 H-bonds with E198 and 1 with Q134 in both 2D 

and 3D models, however one of the H-bonds with E198 is predicted to be an unfavourable 

acceptor to acceptor bond in the 2D model. For ABZSO  a single H-bond is formed with E198 

in the 3D model but no bonds are seen in the 2D model. In the cases of FBZ and MBZ a single 

H-bond to N265 is seen in both 3D and 2D models. Finally for OXBZ 1 H-bond is formed with 

E198, L253 and N256 in the 3D model but only a single H-bond is predicted with N256 in the 

2D model.

ASG- ABZ-4.1 kcal/mol ASG- ABZSO -4.1 kcal/mol

ASG- FBZ -6.2 kcal/mol ASG- MBZ -6.9 kcal/mol

ASG- OXBZ -5.2 kcal/mol ASG- all drugs



ALG- ABZ -6.2 kcal/mol ALG- ABZSO -6.1 kcal/mol

ALG- FBZ -7 kcal/mol ALG- MBZ -7.8 kcal/mol

ALG- OXBZ -5.9 kcal/mol ALG- all drugs

Supplementary Figure S21: Autodock vina docking results for A. lumbricoides isotype L and 

several benzimidazole drugs. The drugs used are albendazole (ABZ), albendazole sulfoxide 

(ABZSO), fenbendazole (FBZ), mebendazole (MBZ) and oxfendazole (OXBZ). 3D and 2D 

models are shown for each docking result. Binding affinities are shown underneath each 

model. In ABZ both models find H-bonds with Q134 and V236. Both models for ABZSO and 

OXBZ show H-bonding with only E198. For FBZ and MBZ the 3D models show H-bonds with 

E198, whereas the 2D models find H-bond formation with Q134 and E198.


