Supplement

Comparison of 3D structures of VHH5 and VHH 41Q2 and its lessons

The amino acid sequence of VHH5 and VHH 41Q2 are highly identical; the only differences being S21T; A55G; S82bN and D100gH {Kabat numbering}. Nevertheless, the structures of CDR3 of both VHH differ considerably (Fig. S1A and Fig. S1B), which results also in a difference between the interaction of these VHH with the CD4bs (Fig. S2A and S2B). The 3D modelling was performed with I-TASSER (S1,S2) (Fig. S1A and S1B) and the docking with HADDOCK (S3,S4) (Fig. S2A and S2B). Both have been proven to provide reasonable accurate structures and interactions. Energies that result in interactions between paratopes of VHH 5, 41Q2 and A6 with envelope protein 426C-WT.SOSIP.DS was measured. As expected the electrostatic energy of 41Q2 to 426C-WT.SOSIP.DS is 2,5 times larger than that of VHH5. Other energies are hardly different from each other (Fig. S3).
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	Fig S1A. 3D Structure of VHH5 (with CDR3 in red) as determined on basis of 3D determination carried out by Scripps (Koch et al., 2017).	                    	       

	Fig S1B. 3D Structure of 41Q2 (with CDR3 in red) as modelled using VHH5 as starting structure and using I-TASSER (S1, S2).
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Fig S2A. Main interactions of paratope of VHH5 with envelope protein 426C-WT.SOSIP.DS using HADDOCK (S3,S4) and PIC (S5). Purple are residues of envelope protein involved in the interaction; in Green CDR1; Yellow CDR 2 and Red CDR3. The residues involved in the interaction are: 



VHH5		  SOSIP		Electrostatic interactions [within 6Å]

Asn31                    Gly366	  Asp100g with Asp325     
Asn31		   Ser364
Tyr32		   Ser364
Ala54		   Leu368
Trp99	  	   Asn385
Gly100a	   Thr371
Tyr100b	   Leu 368 
Tyr100b	   Tyr383
Tyr100b	   Asn385		
Tyr100b	   Typ390
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Fig S2B. Main interactions of the paratope of VHH 41Q2 with envelope protein 426C-WT.SOSIP.DS using HADDOCK (S3,S4) and PIC (S5). In purple are the residues of the envelope protein involved in the interaction; in Red the residues of CDR3 binding to 426C-WT.SOSIP.DS SOSIP. Note that CDR1 of VHH 41Q2 (green) does not have an interaction with SOSIP; two amino acids of CDR2 (yellow) bind to 426C-WT.SOSIP.DS SOSIP [see below].

VHH 41Q2	            SOSIP	       Electrostatic interactions [within 6Å]

Asn52a                     Ser364	         Arg35 with Asp367
Thr56                        Ser364	         Asp100h with Lys 432
Val98                        Leu368 
Gly100a                   Ser363
Gly100d                   Asn385
Ala100i                    Leu368
Thr100j                    Leu368




Fig S3.	Various energies of the interaction of 3 different VHH with their cognate antigen. Energies that result in interactions between paratopes of VHH 5, 41Q2 and A6 with envelope protein 426C-WT.SOSIP.DS.

The programs used to determine the structure of the VHH are quite accurate and in this case 3D structure of VHH5 have been determined experimentally and served as starting structure for making a 3D structure of 41Q2 using I-TASSER (S1,S2). 
Significant differences are noticed, illustrating the importance to compare 3D structures of homologous proteins to be certain that sequential homology means also structural homology or not.
The structure of the envelop protein is also based on experimental data. Very recently, significant better tools have been described, notably ALPHAFOLD (S6,S7) for folding of VHH and their cognate proteins and LZerD protein-protein docking webserver (S8). ALPHAFOLD2, which is free for academics to use has solved the 3D structure of 22000 human proteins and when compared to experimental data, these predictions are very accurate. For researchers working with nanobodies, this is a big step forwards in understanding the interaction between paratopes and epitopes better.










Table S1
Comparison of the neutralization [IC50 values µg/ml] of a selected set of HIV pseudoviruses by VHH raised in dromedariesa
	PSEUDOVIRUSES
	Tier
	Clade
	A6
	VHH5
	41Q2

	SF162
	1A
	B
	0.017
	6.320
	0.911

	Bal26
	1B
	B
	0.019
	0.164
	0.011

	SS1196
	1B
	B
	0.316
	0.387
	0.041

	ZM197
	1B
	C
	0.026
	0.388
	0.031

	
	
	
	
	
	

	MS208
	2
	A
	>50
	>50
	>50

	398-F1-F6-10
	2
	A
	>50
	>50
	9.480

	X2278-C2-86
	2
	B
	0.025
	7.87
	0.891

	REJO4541
	2
	B
	5.58
	>50
	>50

	TRJO4551
	2
	B
	0.43
	13.62
	1.54

	TRO11
	2
	C
	0.012
	14.7
	2.78

	optC
	n.d
	C
	5.045
	2.273
	0.341

	CAP45
	2
	C
	>50
	36.07
	0.541

	CE1176-A3
	2
	C
	0.800
	23.95
	2.66

	CE703010217-86
	2
	C
	16.2
	6.33
	0.347

	HIV_25710_2,43
	2
	C
	3.07
	>50
	0.533

	246_F3_C10
	2
	AC
	19.7
	0.33
	0.043

	CNE55
	2
	CRF01_AE
	11.6
	>50
	15.80

	CNE8
	2
	CRF01_AE
	10.6
	>50
	7.21

	BJOX00000,03,2
	2
	CRF01_BC
	>50
	>50
	>50

	CH119.10
	2
	CRF01_BC
	>50
	>50
	>50

	X1632_S2
	2
	G
	42.96
	14.3
	1.90



a Kalusche S. Development of broadly neutralizing nanobodies (VHHs) against primary HIV-1 towards prophylactic applications. PhD thesis 2020, Goethe University Frankfurt, Germany.

















Table S2. Various types of intrabodies against human, animal and plant viruses

	Hepatitis C
	
	scFv (S9,S10)

	Papilloma E6
	
	scFv (S11,S12,S13)

	Kaposi sarcima ass herpes
	
	scFv (S14)

	Epstein Barr
	
	scFv (S15)

	Hepatitis B
	
	IgNAR (S16); Nb (S17)

	Rotavirus
	
	scFv (S18)

	Ebola, VP35
	
	scFv (S19)

	RSV
	
	scFv (S20)

	Influenza
	
	mAb (S21); scFv (S22)

	Rabies
	
	scFv (S23); scFv (S24)

	Filoviral nucleoprotein
	
	sdAb (S25)

	HIV, Vif; integrase; TAT; p17; Rev
	
	scFv (S26,S27)

	Bovine viral diarrhee
	
	Nb (S28)

	Maedi visma virus
	
	scFv (S29)

	Tobacco mosaic
	
	

	Cucumber mosaic
	
	scFv (S30); scFv (S31)
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