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Contribution	of	Light	Sources	to	Biological	and	Medical	Sciences
Structural	biology	helps	us	understand	the	structure	and	function	of	macromolecules	including	
proteins,	DNA	and	RNA

Aids	in	vaccine	design

SARS-CoV-2	spike	protein	– basis	of	

most	vaccine	candidates

Provides	information	on	protein-inhibitor	interactions	for	drug,	herbicide	and	
pesticide	design

Machin	et	al	2019,	Malaria	Journal

Reveal	the	structure	and	therefore	vulnerable	
regions	of	proteins	from	pathogens

Malaria	protein	bound	by	inhibitor

Structure	of	the	main	leishmania

surface	antigen Schlagenhauf et	al,	1998,	Structure

Provides	insight	into	the	mechanism	of	enzymes	and	is	an	
enabler	for	industrial	enzymology

Active	site	binding	of	protein	arginine	

methyltransferases

Tewaryy et	al.,	2019,		Cell	Mol Life	Sci.	



Africa	is	the	only	continent	without	a	Light	Source	but	may	be	the	
continent	that	needs	it	the	most!

Georges	Salloum-Abou-Jaoude
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-NS4	is	a	key	virulence	factor	→ target	for	a	vaccine	development

- Function	of	NS4	in	AHSV	unclear

Non-structural	protein	4	(NS4)	from	African	horse	sickness	virus

- Data	collected	for	a	truncated	version	of	the	protein

- Coiled-coil	structure	

- Analysis	of	the	structure	currently	underway	to	predict	interaction	with	DNA	and	other	proteins

- Understanding	the	protein	structure	can	shed	light	on	the	molecular	virulence	mechanism	and	host-virus	
interaction	



CYTOCHROME	P450	REDUCTASE	(CPR)
- CPR	plays	a	pivotal	role	in	primary	and	secondary	metabolism	of	bacteria,	plants	and	animals

-It	supplies	electrons	to	enzymes	that	are	vital	for	the	survival	of	the	organism	

- The	structural	characterization	of	the CPR helps	to	understand	how	this	process	occurs	opening	the	
possibility	to	use	it	as	a	drug	target

Structure	solved	with	and	without	cofactor	(NADPH)

Structure	solved	in	collaboration	with	the	University	of	Free	State	and	University	of	Cape	Town	



Dirk	Opperman Carmien Tolmie



-These	proteins	are	heme-thiolate	enzymes	that	catalyse	a	range	of	reactions

-The	research	focuses	on	CYPs	that	perform	regioselective hydroxylations of	fatty	acids	

and	alkanes.

- Using	X-ray	crystallography,	the	3D	structure	of	the	CYPs	are	solved	to	gain	insight	into	

how	the	active	site	determines	the	regioselectivity of	the	enzymes	

Cytochrome	P450	monooxygenases



Nitrite	reductases

-Nitrite	reductases	are	key	enzymes	

in	the	denitrification	pathway.

-The	copper-containing	nitrite	

reductase	from	a	thermophilic	

bacterium	was	solved.

-The	structure	showed	a	unique	
distribution	of	domains	and	subunit	
interactions	as	well	as	an	unusual	
copper-coordination,	which	indicates	

a	novel	nitrite-reduction	mechanism	



Anton	Hamman Erick	Strauss



Xchem at	the	Diamond	Light	Source	to	solve	a	protein	structure

-The	research	focuses	on	developing	antimicrobial	inhibitors	against	Staphylococcus	aureus.	
-XtalShifter is	semi-automatic	machine	allowing	fishing	of	over	100	crystals	in	less	than	an	hour	

-The	crystals	were	soaked	with	different	fragments	(inhibitors)	prior	to	fishing.

-Soaked	crystals	were	then	put	on	the	beamline	to	collect	diffraction	data.



-Solved	crystal	structure	of	the	Pantothenate kinase	with	a	bound	inhibitor	at	1.44	A	resolution.

-From	this	crystal	structure,	it	was	determined	that	the	inhibitor	is	phosphorylated	by	the	ATP and	

subsequently	trapped	inside	the	active	site.	

-This	gives	invaluable	information	on	how	the	inhibitor	interacts	with	the	active	site	and	this	knowledge can	be	

use	it	to	develop	improved	versions	of	this	inhibitor	with	better	potency.

Crystal	structure	of	SaPanK with	inhibitor



Wolf-Dieter	Schubert



Structural	characterization	of	a	multidomain xylanase	
from	a	termite	metagenome

Xyl

-Individual	domains	have	been	analysed	structurally	and	kinetically.

-pH	and	temperature	optima	of	the	two	catalytic	domains	indicate	

Xyl to	be	a	mesophilic	enzyme	working	at	neutral	pH.

-Despite	initial	indication	of	interdependence	of	domains,	data	

indicate	distinct	domains	connected	by	flexible	linkers.



Characterizing	the	interaction	of	human	heat	shock	
protein	60	(HSP60)	with	listerial adhesion	protein	(LAP)

Mitochondrial	

HSP60		(GroEL)

ALDH 
domain

ADH 
domain

Linker

-Both	HSP60	and	LAP	(AdhE)	

are	normally	located	far	away	

from	the	cell	surface.

-Both	proteins	have	additional	
functions	in	listerial infection.
-Structure	proposes	the	two	

proteins	are	in	complex	on	the	

surface	of	epithelial	cells.

LAP
Microcrystals

Bifunctional alcohol	and	aldehyde	dehydrogenase	(AdhE)
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Structural	insight	into	angiotensin	converting	enzyme	
function

N-domain	co-crystallized	with	BPPb
(PDB	ID:	6QS1)	1.8Å	resolution

C-domain	co-crystallized	with	BPPb

Active	

site	cleft

Subdoma

in	I

Subdoma

in	II

N-terminal	lid

-The	enzymatic	activity	of	Angiotensin	Converting	Enzyme	(ACE)	causes	tightening	of	blood	vessels	and	

a	raise	in	blood	pressure

-Large	proline-rich	peptides	(BPPs)	found	in	snake	venom	cause	hypotensive	shock	of	the	prey	upon	

envenoming

-The	research	investigates	if	the	interaction	of	BPPS	with	ACE	can	be	be	used	as	a	template	for	
designing	antihypertensive	drugs?



Mechanism	of	domain-selective	inhibition

The	8	unique	active	site	residues	affect	binding	of:
• Ndom inhibitors	(33RE,	SG6,	ketoACE13)

• Cdom inhibitor	(BPPb)

-These	residues	can	be	targeted	for	the	design	of	drug-like	
domain-selective	inhibitors to	treat	hypertension	and	fibrosis	
(without	inducing	side-effects)

Mechanism	of	domain-selective	inhibition



Trevor	Sewell

Stanley		Makumire Philip	Venter
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Plasmodium	falciparum	Glutamine	Synthetase

Binding	

pocket

Refined	final	

atomic	model

Relion processing

3.2	Å Resolution map!



Characterization	of	a	novel	ornithine	acyl-ACP	N-acyltransferase	
(OlsB)	and	overexpression	of	its	biosurfactant	product

3-hydroxyacyl-ACPs 
OlsB

Holo-ACPornithine

lyso-ornithine lipid (LOL) biosurfactant

Solved structure of 
Pseudomonas putida ACP 

resolution of 2.040 - 1.970 Å

OlsB crystals on the way

TLC visualizing LOL 
overproduction. 

Lane 1: OlsB control.
Lane 2: Overproduction 

system. 

Overproduction of biosurfactant achieved 
through co-expression of ACP and OlsB

1 2



Docking	of	14	amides	predicts	the	

substrate	amide	hydrogen	bonding	

in	both	WT	and	C146A	variants.	

The	involvement	of	the	backbone	

carbonyl	of	Asn 171	was	unknown.

Crystal	structure	of	

glutaramide in	the	C146A	

amidase	variant	verifies	the	
prediction.	This	location	leads	
to	the	formation	of	a	thioester

Intermediate.

Quantum	mechanical	calculations	show	

orbital	overlap	with	a	water	positioned	

by	the	carboxyl	of	the	active	site	

glutamate	and	the	same	backbone	

carbonyl	leading	to	hydrolysis	and	

product	formation.

Substrate	position	and	hydrolysis	in	the	amidases
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• Broadly	neutralizing	antibodies	(bNAbs) are	of	interest	in	the	HIV	vaccine	
field

• These	antibodies	neutralize	various	HIV-1	strains	and	inhibit	entry	into	cells

• Sole	target:	HIV	Envelope

Neutralizing	antibodies	in	HIV	vaccine	development

Adapted from Burton et al., 2012
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bNAb donors

i) Isolation of mAbs from memory B cells

iii) Viral sequencing

ii) Next generation sequencing of B cell 
lineages

Virus antibody co-evolution 
pathways defined through 

structural analysis

Adapted	from	Moore,	CHIVR,	2018

Virus-antibody	co-evolution	studies



Crystallization	of	antibodies	in	complex	with	HIV	
scaffolds	and	peptides

• Co-crystal	structures	of	two	

antibodies	in	complex	with	

V1/V2	scaffold	and	V2	

peptide

• These	antibodies	have	

similar	target	to	a	vaccine	
elicited	antibody,	CH58

V1/V2	scaffold	

subdomain

2.3	Å

V2	peptide

2.6	Å



Atomic	structure	explains	why	an	antibody	is	
narrowly-neutralizing	

• Isolated	a	CD4bs-specific	
antibody,	CAP257-RH1	

• Narrowly-neutralizing
antibody (0.5%	breadth)

• Co-crystallization with gp120	
revealed binding	angle	was	
incompatible	with	
glycosylated	V5	loops	
present	in	almost	all	HIV	

strains	

CAP257-RH1 VRC01



Defining	a	novel	antibody	binding	target

• Isolated	the	neutralizing	

monoclonal	antibody	

CAP248-2B

• X-ray	crystallography	and	

NS-EM	show	antibody	binds	

to	a	novel	target

2.0	Å	and	3.1	Å	



Structural	characterization	of	antibody	lineages	from	
single	donor

Adapted from Burton et al., 2012

CAP314	– HIV-infected	donor	who	developed	bNAbs within	2	years	post-

infection

Isolated	and	characterized	three	antibody	lineages



Crystallization	of	an	antibody	with	an	unusually	long	
“binding”	arm

gp120

LC
HC



mAb 52

mAb52 light chain aligned to 9 HIV antibodies

29	aa	insertion



Novel	mode	of	binding	to	HIV	CD4	binding	site	

CDRL3

CDRH3 CDRH3 with Loop D

CDRL3 with CD4 binding loop

start of beta20/beta21

beta 23



Conclusion

- The	future	of	African	structural	biology	is	bright

- Even	without	own	our	light	source	we	are	able	to	generate	invaluable	

data	to	help	solve	African	problems

- The	biggest	challenge	we	currently	face	is	a	lack	of	funding	and	

expertise	in	the	field

- With	initiatives	such	as	START	and	other	collaborations	we	are	able	to	

overcome	many	of	these	challenges	and	grow	structural	biology	

capacity
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