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T h e st a n d ar d  dr u g  dis c o v er y  p ar a di g m  of si n gl e  m ol e c ul e – si n gl e  bi ol o gi c al t ar g et – si n gl e  bi ol o gi c al

eff e ct is  p er h a ps  p arti c ul arl y  u ns uit a bl e f or a nti-i nf e cti v e  dr u g  dis c o v er y. T his is  d u e t o t h e r a pi d e v ol uti o n

of r esist a n c e li k el y t o  b e  o bs er v e d  wit h si n gl e t ar g et  dr u gs.  M ultit ar g et e d a nti-i nf e cti v e  dr u gs ar e li k el y

t o  b e s u p eri or  d u e t o t h eir l o w er s us c e pti bilit y t o t ar g et-r el at e d r esist a n c e  m e c h a nis ms. Str at h cl y d e  mi n or

gr o o v e  bi n d ers ar e a cl ass  of c o m p o u n ds  w hi c h  h a v e  b e e n  d e v el o p e d  b y a d o pti n g t h e  m ultit ar g et e d

a nti-i nf e cti v e  dr u gs  p ar a di g m, a n d t h eir eff e cti v e n ess a g ai nst a  wi d e r a n g e  of  p at h o g e ni c  or g a nis ms is

dis c uss e d. T h e r e n a mi n g  of t his cl ass t o Str at h cl y d e  n u cl ei c a ci d  bi n d ers is als o  pr es e nt e d  d u e t o t h eir

li k el y t ar g ets i n cl u di n g  b ot h  D N A a n d  R N A.
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E ve n b ef ore t h e  C O VI D- 1 9 p a n d e mi c it  w as  well u n d erst o o d s ci e nti fi c all y a n d p oliti c all y t h at t h e  w orl d b a dl y
n e e ds n e w a nti-i nf e cti ve dr u gs t o t a c kl e b a ct eri al, f u n g al, p ar asiti c a n d vir al i nf e cti o ns [ 1].  T h e e m er g e n c e of resist a nt

str ai ns of all t y p es of p at h o g e ns h as l e d t o u ntre at a bl e dis e as es  w orl d wi d e,  w hi c h h a ve b e e n c at e g orize d b y t h e

W H O [ 2].  C alls fr o m s ci e ntists a n d p oli c y  m a k ers t o t a k e n e w s ci e nti fi c a n d c o m m er ci al a p pr o a c h es t o a nti-i nf e cti ve
t h er a p y h a ve b e c o m e c o m m o n [ 3,4] . S ci e nti fi c all y, resist a n c e aris es fr o m a n u m b er of  m e c h a nis ms of  w hi c h  m ut ati o n

of t h e dr u g t ar g et ( pr ot ei n or r R N A) is  m ost rel e v a nt h ere. It is o b vi o us t h at a dr u g t h at e n g a g es  wit h  m ore t h a n o n e

bi ol o gi c al t ar g et s h o ul d b e l ess s us c e pti bl e t o t h e e m er g e n c e of resist a n c e b y t his  m e c h a nis m, h e n c e t h e si g ni fi c a n c e

of  m ultit ar g et e d a nti-i nf e cti ve dr u gs ( M T AI Ds) .
A f urt h er c h all e n g e f or n e w a nti-i nf e cti ve dr u gs is t h at t h e c urre nt c o m m er ci al o p p ort u niti es f or a nti-i nf e cti ve

c o m p o u n ds i n g e n er al are c o m m o nl y re g ar d e d as u nf a v or a bl e b y  m aj or p h ar m a c e uti c al c o m p a ni es i n c o m p aris o n

wit h ot h er t h er a p e uti c fi el ds. Fa ct ors t h at c o ntri b ut e t o t his vi e w are t h e ris k of e arl y o bs ol es c e n c e of a n e w dr u g
b e c a us e of t h e d e vel o p m e nt of resist a n c e c o m bi n e d  wit h rel u ct a n c e t o us e i n t h e cli ni c t o  mi ni mize t h e d e vel o p m e nt

of resist a n c e b ot h of  w hi c h t e n d t o li mit s al es.  Wit h b ot h t h e li mit e d dis c o ver y res e ar c h i n a nti-i nf e cti ve  m e di ci n es

a n d t h e n e e d f or a n a p pr o a c h t h at i ntri nsi c all y  mi ni mizes t h e d e vel o p m e nt of resist a n c e, s ci e ntists at t h e  U ni versit y of
Str at h cl y d e h a ve d e vel o p e d t h e s o- c all e d Str at h cl y d e  mi n or gr o o ve bi n d ers ( S- M G B) pl atf or m, of n o vel c o m p o u n ds

t h at a ct at  m ulti pl e c ell ul ar t ar g ets  wit hi n a n or g a nis m.  As  will b e d es cri b e d b el o w, t his res e ar c h h as l e d t o a n e w

a nti b a ct eri al dr u g f or t h e tre at m e nt of Cl ostri di oi des dif ficile i nf e cti o ns t h at h as s u c c essf ull y c o m pl et e d a P h as e

IIa cli ni c al tri al a n d is re a d y f or P h as e III [ 5] a n d, usi n g ot h er  m e m b ers of t h e pl atf or m, t o t h e d e m o nstr ati o n of
eff e cti ve n ess i n a ni m al  m o d els of i nf e cti o n of f u n g al, p ar asiti c a n d vir al i nf e cti o ns.

T h e i d e alize d st a n d ar d i n d ustri al dr u g dis c o ver y p ar a di g m is si n gl e dr u g  m ol e c ul e – si n gl e bi ol o gi c al t ar g et – si n gl e

bi ol o gi c al eff e ct ( Fi g ure 1 ). I n c o ntr ast, S- M G B res e ar c h t o o k a diff ere nt a p pr o a c h a n d l o o k e d f or c o m p o u n ds t h at
mi g ht h a ve  m ulti pl e p ar all el eff e cts o n t h e p at h o g e n; t h ere b y, re d u ci n g t h e ris k of r a pi d e v ol uti o n of resist a n c e i n t h e

cli ni c, i n ot h er  w or ds,  M T AI Ds ( Fi g ure 1 ).  All a nti-i nf e cti ve dr u gs c a n b e e x p e ct e d t o l e a d t o resist a nt str ai ns b ut

t h e st a n d ar d dr u g dis c o ver y p ar a di g m is i n a s e ns e pri m e d f or t h e d e vel o p m e nt of resist a n c e b e c a us e, f or e x a m pl e,
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Fi g ur e 1. Si n gl e-t ar g et e d a n d  m ultit ar g et e d a nti-i nf e cti v e  dr u g s.
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Fi g ur e 2. T h e str u ct ur e s  of t h e  n at ur al  pr o d u ct s  di st a m y ci n a n d  n etr o p si n.

a si n gl e a mi n o- a ci d c h a n g e i n t h e t ar g et pr ot ei n c o ul d dire ctl y c a us e resist a n c e t o t h e n e w dr u g.  M a n y c urre nt

cli ni c al tri als f or a nti-i nf e cti ve dr u gs are st u d yi n g c o m bi n ati o n t h er a pi es [ 6] a n d t h ere are i n cre asi n gl y e x a m pl es

b ei n g p u blis h e d of n e w dr u gs i n ot h er fi el ds d esi g n e d t o h a ve  m ore t h a n o n e t ar g et,  m ostl y fr o m a c a d e mi c gr o u ps
w h ere s p e c ul ati ve a p pr o a c h es t o n e w dr u gs c a n b e e asil y j usti fi e d [ 7].  M ultit ar g eti n g i n t h e c o nt e xt of a nti-i nf e cti ve

dr u gs is u n d o u bt e dl y b e c o mi n g  m ore  wi d el y i n vesti g at e d [ 8,9] .  T his is n ot t o s u g g est t h at si n gl e t ar g et e d dr u gs are

n o l o n g er of i nt erest.  T h ere are  m a n y e x a m pl es i n a nti b a ct eri al, a ntif u n g al, a nti p ar asisti c a n d a nti vir al fi el ds [ 1 0 – 1 3].

T h e i n cre asi n g i nt erest i n  m ultit ar g eti n g n ot wit hst a n di n g, it is t o b e e x p e ct e d t h at e ve n a c o m bi n ati o n of si n gl e
m ol e c ul ar t ar g ets  will l os e ef fi c a c y if o n e ess e nti al c o m p o n e nt is  m ut at e d t o a br o g at e dr u g bi n di n g.  H o we ver, f or

dr u gs t h at t ar g et t h e  mi n or gr o o ve of  D N A i n a n o n s el e cti ve  w a y (i. e., c a n e n g a g e  wit h  m ulti pl e s p e ci fi c b as e- p air

s e q u e n c es), t h e s u bst a nti al n u m b er of p ot e nti al bi n di n g sit es  wit hi n t h e  mi n or gr o o ve  m a k es i n a cti v ati o n t hr o u g h
a si n gl e  m ut ati o n ver y i m pr o b a bl e. Pr o vi d e d t h at s af et y c a n b e o bt ai n e d,  D N A a n d  D N A c e ntri c pr o c ess es  m a k e

ver y rel e v a nt t ar g ets f or a nti-i nf e cti ve t h er a p y i n t h e  A M R er a. I n t his c o nt e xt, t h e S- M G B pl atf or m is b uilt u p o n

t h e n at ur al pr o d u cts, dist a m yci n a n d n etr o psi n, t h at h a ve b e e n k n o w n as a nti-i nf e cti ve c o m p o u n ds si n c e t h e 1 9 6 0s
(Fi g ure 2 ) [ 1 4,1 5] ; t h e pl atf or m t a k es t h e ef fi c a c y a n d s c o p e of t h es e pr ot ot y p e n at ur al pr o d u cts f ar b e y o n d a n yt hi n g

yet dis c o vere d. I n t er ms of  m e c h a nis m of a cti o n, t h e a mi d e li n k e d N - m et h yl p yrr ol es i n dist a m yci n, n etr o psi n a n d

t h eir rel ati ves f or m c ur ve d str u ct ures t h at r o u g hl y  m at c h t h e c ur v at ure of t h e  mi n or gr o o ve of  D N A, a n d oft e n

wit h pref ere nti al af fi nit y f or  A T-ri c h s e q u e n c es.  Cr u ci all y f or t h e  M T AI D c o n c e pt, t h es e c o m p o u n ds d o n ot t ar g et
o n e c o g n at e s e q u e n c e, b ut are a bl e t o i nt er a ct  wit h  m a n y s h ort,  A T-ri c h  D N A s e q u e n c es, t y pi c all y 5 – 1 0 b as e p airs

i n l e n gt h.  Bi n di n g t o  D N A, t h ere b y, i n hi bits s e ver al  D N A- c e ntri c f u n cti o ns a n d t his is t h e  m aj or eff e ct b y  w hi c h

t his cl ass of c o m p o u n d a cts [ 1 6].  T h ere is d e fi niti ve str u ct ur al e vi d e n c e f or t h e bi n di n g of S- M G Bs t o t h e  mi n or
gr o o ve of  D N A [ 1 7,1 8] .

U ns ur prisi n gl y, dist a m yci n a n d n etr o psi n t h e ms el ves are n ot s uit a bl e f or us e as dr u gs b e c a us e of t o xi cit y a n d

p o or p h ar m a c e uti c al pr o p erti es.  T h eir p ot e nti al as st arti n g p oi nts f or t h e dis c o ver y of n e w dr u gs b y str u ct ur al
m o di fi c ati o n is o b vi o us a n d h as b e e n i n vesti g at e d b y  m a n y gr o u ps a p art fr o m Str at h cl y d e f or a nti c a n c er a n d

a nti b a ct eri al a p pli c ati o ns i n p arti c ul ar. I n s u p p ort of t h e  mi n or gr o o ve of  D N A as a bi ol o gi c al t ar g et, ot h er cl ass es

of c o m p o u n ds,  m ost n ot a bl y ar o m ati c bis- a mi di n es as a nti p ar asiti c c o m p o u n ds [ 1 9] a n d p yrr ol o b e nz o di aze pi n es

as a nti c a n c er c o m p o u n ds [ 2 0] h a ve b e e n e xt e nsi vel y d e vel o p e d.  T h ere are ot h er a p pr o a c h es t o o bt ai n a nti b a ct eri al
a cti vit y t h at d o n ot rel y o n si n gl e t ar g eti n g, f or e x a m pl e  m e m br a n e disr u pt ors [ 2 1 – 2 3].  T h e S- M G B pr o gr a m, h o we ver,

1 0. 4 1 5 5/f d d- 2 0 2 2- 0 0 0 1 F ut ur e  Dr u g.  Di s c o v. F D D 7 3 f ut ur e s ci e n c e gr o u p



M ultit ar g et e d a nti-i nf e cti v e  dr u gs R e vi e w

N

N

O

R

R

H
N

N

H N

H
N

R

S

N

N

N O

N

N

H
N

O N O

H
N

N H
O

H

N

H N

O

N H
2

H N

Fi g ur e 3. E x e m pl ar str u ct ur al  m o di fi c ati o n s t o t h e  di st a m y ci n t e m pl at e t h at ar e s e e n i n Str at h cl y d e  mi n or  gr o o v e
bi n d er s.

is disti n cti ve b e c a us e, t hr o u g h diff ere nt c o m p o u n ds of t h e s a m e f a mil y, it h as pr o d u c e d  m ol e c ul es  wit h eff e cti ve n ess

i n a nti b a ct eri al, a ntif u n g al, a nti p ar asiti c a n d a nti vir al a p pli c ati o ns.

Wit h re g ar ds t o t h e t e m pl at e str u ct ure of dist a m yci n, t h e S- M G B pr o gr a m h as e m p h asize d s e ver al str u ct ur al
c h a n g es t o o bt ai n its br o a d s p e ctr u m of a cti vit y: t h e a mi di n e  m oi et y h as b e e n re pl a c e d  wit h l ess b asi c t erti ar y a mi n es;

diff ere nt h et er o c ycl es h a ve b e e n i n vesti g at e d; t h e f or m yl ‘ h e a d gr o u p’ h as b e e n re pl a c e d  wit h l ar g er ar o m ati cs; a n d

t h e a mi di n e li n k t o t h e ‘ h e a d gr o u p’ h as b e e n re pl a c e d  wit h a n a mi di n e a n d a n al k e n e (Fi g ure 3 ).  T h e p ot e nti al
t o dis c o ver dr u gs a cr oss t h e r a n g e of pr o k ar y oti c a n d e u k ar y oti c or g a nis ms a n d vir us es is als o e xc e pti o n al.  T h e

f oll o wi n g p ar a gr a p hs o utli n e t h e c urre nt st at e of res e ar c h a n d d e vel o p m e nt  wit h res p e ct t o e a c h t y p e of p at h o g e n.

A nti b a ct eri al s

T h e first cl ass of S- M G Bs t o b e d e vel o p e d  w as f or a nti b a ct eri al a cti vit y.  A d esi g n h y p ot h esis f or S- M G Bs  w as

p ut f or w ar d t h at s u g g est e d i n cre asi n g t h e li p o p hili cit y of t h e  M G B i n p arts of t h e  m ol e c ul e t h at  w o ul d  m a k e
c o nt a ct  wit h t h e h y dr o p h o bi c p arts of t h e  D N A s urf a c e, ass o ci at e d  wit h t h e d e o x yri b os e  m et h yl e n e gr o u p, f or

e x a m pl e. S o m e S- M G Bs h a d l ar g er N - al k yl gr o u ps t h a n  m et h yl b ut t h e  m o di fi c ati o n t h at g a ve ris e t o t h e  m ost

a cti ve c o m p o u n ds i n a nti b a ct eri al a n d ot h er a cti viti es  w as t o re pl a c e t h e  N-t er mi n al a mi d e  wit h t h e is ost eri c b ut

n o n p ol ar al k e n e.  T h e N - al k yl s u bstit uti o ns f e at ure d a C -is o pr o p yl S- M G B, k n o w n as t hi az otr o psi n  A, t h at  w as
us e d as a pil ot c o m p o u n d t o e x pl ore  D N A bi n di n g pref ere n c es a n d p h ysi c o c h e mi c al pr o p erti es rel e v a nt t o dr u g

f or m ul ati o n s u c h as s elf- a g gre g ati o n (Fi g ure 4 ) [ 2 4 – 2 6].  T h e al k e n e is ost eri c s u bstit uti o n l e d t o a s eri es of c o m p o u n ds

wit h s u bst a nti all y i m pr o ve d a cti vit y a g ai nst a  wi d e r a n g e of p at h o g e ns s u c h i n cl u di n g  Gr a m- p ositi ve b a ct eri a, s u c h
as S- M G B- 1 , S- M G B- 2 a n d M G B- B P- 3 (Fi g ures 4 & 5 ) [ 2 7].

T hi az otr o psi n  A  w as o n e of t h e e arli est S- M G Bs t o b e i n vesti g at e d i n d et ail.  D N A as e f o ot pri nti n g s h o we d a

pr o n o u n c e d pref ere n c e f or bi n di n g at t h e  A C T A G C s e q u e n c e.  T h e e x pl a n ati o n of t his pref ere n c e  w as s h o w n b y
N M R of a s h ort  D N A oli g o m er c o nt ai ni n g  A C T A G C c o m pl e xe d  wit h t hi az otr o psi n  A.  T h e t hi az ol e f or m e d a n

a nti p ar all el 2: 1 li g a n d: D N A c o m pl e x  wit h a str o n g h y dr o g e n b o n d t o  G- N H 2 ; t h ere b y, a c c o u nti n g f or t h e o bs er ve d

pref ere n c e i n t h e f o ot pri nti n g e x p eri m e nt [ 1 4]. S u bs e q u e nt e x p eri m e nts  wit h S- M G B- 2 a n d M G B- B P- 3 s h o we d

cl e ar pref ere n c es f or bi n di n g at  A T ri c h sit es s u c h as  A T A T A T a n d  A A A T T T, a g ai n i nt er pret e d as a nti p ar all el 2: 1
c o m pl e xes [ 2 7]; t his pref ere n c e  will b e s e e n b el o w t o b e i m p ort a nt i n u n d erst a n di n g t h e  m e c h a nis m of a nti b a ct eri al

f ut ur e s ci e n c e gr o u p 1 0. 4 1 5 5/f d d- 2 0 2 2- 0 0 0 1
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Fi g ur e 4. Str u ct ur e s  of a nti b a ct eri al Str at h cl y d e  mi n or  gr o o v e  bi n d er s.
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M G B- B P- 3 Fi g ur e 5. Str u ct ur e  of  M G B- B P- 3.

a cti vit y of M G B- B P- 3 .  A pr o p ert y i m p ort a nt f or t h e f or m ul ati o n of a n S- M G B  m e di ci n e is s elf- ass o ci ati o n b e c a us e

of its eff e ct o n s ol u bilit y a n d a bs or pti o n.  T his  w as als o i n vesti g at e d b y  N M R  w hi c h s h o we d f or t hi az otr o psi n  A t h at

it  w as ass o ci at e d i nt o l ar g e a g gre g at es i n a q u e o us s ol uti o n a n d t h at bi n di n g t o  D N A t o o k pl a c e as dis a g gre g at e d
di m ers [ 2 6,2 8] .  Bi n di n g  w as s h o w n t o b e l ar g el y e nt h al pi c all y dri ve n t o c o m p e ns at e f or e ntr o p y c osts of dis a g gre g ati o n

a n d c o nf or m ati o n al a dj ust m e nts t o t h e  D N A d u pl e x t o a c c o m m o d at e t h e S- M G B.  T h es e pr o p erti es f e d i nt o t h e

d e vel o p m e nt of M G B- B P- 3 a n d u n d erst a n di n g its  m e c h a nis m of a cti o n.
At Str at h cl y d e, t h e first s eri es of  M G Bs  w as s cre e n e d f or a cti vit y a g ai nst a f e w b a ct eri a a n d f u n gi, St a p hyl oc occ us

a ure us, Esc heric hi a c oli,  As pergill us niger a n d C a n di d a al bic a ns. W hil e  MI C 5 0 v al u es i n t h e si n gl e di git  mi cr o m ol ar

r a n g e  were o bs er ve d, t h e a d v a n c e t o c o m p o u n ds of cli ni c al si g ni fi c a n c e c a m e  wit h t h e is ost eri c s u bstit uti o n of
t h e al k e n e as f o u n d, f or e x a m pl e, i n M G B- B P- 3 [ 2 7].  T his c o m p o u n d  w as t h e  m ost a cti ve f o u n d a g ai nst  Gr a m-

p ositi ve b a ct eri a a n d t o g et h er  wit h a n u m b er of rel at e d  M G Bs, it  w as off ere d t o a p ot e nti al c o m m er ci al p art n er,

M G B  Bi o p h ar m a ( E di n b ur g h,  U K),  w hi c h c arri e d o ut pre cli ni c al a n d cli ni c al d e vel o p m e nt [ 5].  M G B  Bi o p h ar m a

i n vesti g at e d  m ore e xt e nsi ve a cti vit y pr o fil es of t h e S- M G Bs a n d s el e ct e d M G B- B P- 3 f or d e vel o p m e nt  wit h S-
M G B- 2 as t h e b a c k- u p. I n re p e at e d ass a ys o ver  m a n y ye ars, M G B- B P - 3 h as a n  MI C8 0 v al u e of l ess t h a n 0. 2 μ M

a g ai nst S. a ure us . M G B- B P- 3 a n d its cl os e rel ati ves; h o we ver, are o nl y  we a kl y a cti ve a g ai nst  Gr a m- n e g ati ve b a ct eri a.

T h e  m e as ure d p K a of M G B- B P- 3 is 5. 2 6  m a ki n g it a s p ari n gl y s ol u bl e  m ol e c ul e (< 1 m g / ml) i n a q u e o us s ol uti o n
at p H 7, a pr o p ert y ass o ci at e d  wit h t h e  we a kl y b asi c  m or p h oli n o t ail gr o u p a n d is p o orl y a bs or b e d. Its pr o p erti es

m a d e it s uit a bl e f or tre at m e nt of  GI i nf e cti o ns s u c h as c a us e d b y C. dif ficile a n d  M G B  Bi o p h ar m a s el e ct e d C.

dif ficile ass o ci at e d dis e as e as its cli ni c al t ar g et. Pre cli ni c al d e vel o p m e nt c o n c e ntr at e d u p o n f or m ul ati o n a n d u p o n
t h e eff e ct of M G B- B P- 3 o n i nf e cti o n i n a n a ni m al  m o d el ( h a mst er) of h u m a n dis e as e; i n t his  m o d el t h e pref erre d

GI rel e as e c a ps ul e f or m ul ati o n  w as f o u n d t o b e s u p eri or t o t h e t h e n ‘ g ol d st a n d ar d’ dr u g, v a n c o m yci n, b ot h i n

s p e e d of c ure a n d i n a v oi d a n c e of re c urre nt i nf e cti o n. M G B- B P- 3 pr o c e e d e d t o a s u c c essf ul P h as e I cli ni c al tri al

( E u dr a C T 0 0 0 4 8 9 – 7 3) i n 2 0 1 6 at  H a m m ers mit h  H os pit al ( L o n d o n) i n  w hi c h it  w as n ot a bl e t h at it cl e are d t h e g ut
mi cr o fl or a of  Gr a m- p ositi ve b a ct eri a b ut l eft t h e  Gr a m- n e g ati ve l o a d s u bst a nti all y u n aff e ct e d.  T h e P h as e IIa tri al

1 0. 4 1 5 5/f d d- 2 0 2 2- 0 0 0 1 F ut ur e  Dr u g.  Di s c o v. F D D 7 3 f ut ur e s ci e n c e gr o u p
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w as c arri e d o ut at s e ver al sit es i n t h e  U S A a n d  C a n a d a ( N C T 0 3 8 2 4 7 9 5; 2 0 1 9 – 2 0 2 0) a n d  w as als o ver y s u c c essf ul;

s ust ai n e d c ures  were f o u n d at a  m o d est or al d os e of 1 2 5  m g, t wi c e d ail y a n d ver y i m p ort a ntl y,  wit h o ut dis e as e
re c urre n c e.  T h e l a c k of re c urre n c e is a c c o u nt e d f or b y t h e r a pi d kill of C. dif ficile b y M G B- B P- 3 a n d its c o ns e q u e nt

re pressi o n of t h e s p or ul ati o n t h at l e a ds t o re c urre nt dis e as e.  T h es e pr o p erti es gi ve M G B- B P- 3 si g ni fi c a nt p ot e nti al

b e n e fits o ver v a n c o m yci n a n d a P h as e III h e a d-t o- h e a d tri al h as b e e n a gre e d  wit h t h e  U S F D A [ 5].
T h e str o n g p erf or m a n c e of M G B- B P- 3 s o f ar is re m ar k a bl e a n d it is t h e  m ost a d v a n c e d S- M G B c urre ntl y i n

d e vel o p m e nt.  A li mit ati o n, h o we ver, of S- M G Bs n ot e d a b o ve is t h e l a c k of a cti vit y a g ai nst  Gr a m- n e g ati ve b a ct eri a.

Vari o us e x p eri m e nts t o g et h er h a ve p oi nt e d t o t h e c o n cl usi o n t h at S- M G Bs d o n ot re a dil y a c c u m ul at e i n t h e c ells
of  Gr a m- n e g ati ve b a ct eri a b ut  w h e n t h e y c a n e nt er, t h e y are a cti ve. S u c h p h e n o m e n a are i nf or m ati vel y s h o w n

i n t w o  w a ys. First,  wit h res p e ct t o a c c ess, b e c a us e of t h e di ar yl al k e n e (stil b e n oi d) s u bstr u ct ure i n t his gr o u p of

S- M G Bs, t h e y are i ntri nsi c all y fl u ores c e nt; it is t h eref ore p ossi bl e t o d et e ct c ell e ntr y b y fl u ores c e n c e  mi cr os c o p y.

E ntr y i nt o i nt a ct c ells of E. c oli d o es n ot o c c ur b ut i n s p h er o pl asts, i n  w hi c h t h e o ut er c ell  w all h as b e e n re m o ve d
wit h l ys oz y m e, S- M G Bs a c c u m ul at e. Si mil ar res ults are f o u n d  w h e n t h e c ell e n vel o p e is c o m pr o mis e d  wit h t h e

ef fl u x p u m p i n hi bit or p h e n yl ar gi ni n e- β - n a p ht h yl a mi d e or  m e m br a n e p er m e a bilizer p ol y m y xi n  B n o n a p e pti d e

( m a n us cri pt i n pre p ar ati o n).  M o vi n g t o w ar d a t h er a p e uti c a p pli c ati o n f or  Gr a m- n e g ati ve i nf e cti o ns, it h as b e e n
s h o w n t h at a c o m bi n ati o n of c eft azi di m e a n d M G B- B P- 3 is a bl e t o kill a cli ni c all y resist a nt c ult ure fr o m a p ati e nt

wit h a Kle bsiell a p ne u m o ni ae i nf e cti o n at cli ni c all y rel e v a nt c o n c e ntr ati o ns [ 2 9].  T h e s p e ci fi c ori gi n of t his s y n er g y is

u n k n o w n, b ut it is li k el y d u e t o  we a k e ni n g of t h e c ell e n vel o p e b y c eft azi di m e a n d all o wi n g  M G B- B P- 3 t o p e n etr at e
t o its i ntr a c ell ul ar t ar g et. F urt h er e x p eri m e nts of t his t y p e a n d f urt h er str u ct ur al d e vel o p m e nts i n S- M G Bs  will

u n d o u bt e dl y l e a d t o p ot e nti al tre at m e nts f or  Gr a m- n e g ati ve dis e as es als o.

E n c o ur a gi n g res ults h a ve als o b e e n o bt ai n e d f or p ot e nti al tre at m e nts f or t u b er c ul osis i n p art n ers hi p  wit h t h e

U ni versit y of  C a p e  To w n [ 3 0].  Of t h e c o m p o u n ds e v al u at e d S- M G B- 3 6 2 a n d S- M G B- 3 6 4 are g o o d e x a m pl es of
hi g hl y si g ni fi c a nt o ut c o m es ( Fi g ure 6 ).  B ot h h a d str o n g a cti vit y a g ai nst Myc o b acteri u m t u berc ul osis H R- 3 7- Gf p

( MI C9 9 0. 3 9 a n d 1. 5 6 μ M res p e cti vel y) b ut  m ore i m p ort a ntl y, t h e a cti vit y  w as  m ai nt ai n e d at si g ni fi c a nt l e vels i n

m a cr o p h a g es i nf e ct e d b y t h e cli ni c al str ai n  H N 8 7 8.  T h es e t w o S- M G Bs h a ve g o n e o n t o f urt h er st u d y i n S o ut h
Afri c a a n d re c e nt res ults s h o w t h at S- M G B- 3 6 4 is a cti ve i n a n i n vi v o m o d el of t u b er c ul osis t h us est a blis hi n g pr o of

of c o n c e pt f or S- M G Bs as a ntit u b er c ul osis a g e nts [ 3 1]. I nt eresti n gl y  wit h res p e ct t o t h e i niti ati o n of t h e st u d y, t h e

us e of n o n-i o ni c s urf a ct a nt vesi cl es ([ NI S V], ni os o m es) as d eli ver y a g e nts i m pr o ve d t h e a cti vit y of S- M G B- 3 6 2
a n d S- M G B- 3 6 4 b y a b o ut t w of ol d, a res ult t h at f urt h er s u p p orts t h e d e vel o p a bilit y of t h es e c o m p o u n ds.

I n t er ms of t h eir o ver all bi ol o gi c al pr o fil e, t h e st u di es i n S o ut h  Afri c a h a ve yi el d e d f urt h er i m p ort a nt i nf or m ati o n.

Tre at m e nt of  m a cr o p h a g es  wit h S- M G B- 3 6 2 , S- M G B- 3 6 4 or S- M G B- 3 6 4 - NI V f or m ul ati o n  w as f o u n d n ot t o

c a us e  D N A d a m a g e as s h o w n b y gre atl y re d u c e d γ - H 2 A x l e vels c o m p are d  wit h t h at pr o d u c e d b y t h e  D N A h ar mf ul
c o m p o u n ds, h y dr o g e n p er o xi d e a n d di m et h yls ulf o xi d e.  Ta k e n t o g et h er t h e e vi d e n c e s h o ws t h at S- M G Bs i n t his

st u d y d o n ot d a m a g e  D N A, i m p air  m et a b oli c f u n cti o n a n d vi a bilit y of h ost c ells.  As n ot e d a b o ve, S- M G B- 3 6 4 w as

t h e o nl y a cti ve S- M G B i n vi v o. I ntr a n as al a d mi nistr ati o n of S- M G B- 3 6 2 ( 1 0  m g/ k g) t o g et h er  wit h rif a m pi ci n h a d
n o eff e ct o n b a ct eri al l o a ds.  O n t h e ot h er h a n d, b ot h S- M G B- 3 6 4 a n d S- M G B- 3 6 4 - NI V f or m ul ati o n s h o we d o n e

l o g re d u cti o n i n b a ct eri al b ur d e n.  M ore o ver,  w h e n i n  NI V f or m ul ati o n, re d u c e d p at h ol o g y a n d pr oi n fl a m m at or y

c yt o ki n e pr o d u cti o n (I L- 1 α , I L- 1 7 a n d I F N-γ )  w as o bs er ve d. It is i nt eresti n g t o n ot e t h at S- M G Bs  wit h a mi di n e
t ail gr o u ps h a ve i n cre asi n gl y f e at ure d as l e a d c o m p o u n ds f or s e ver al a p pli c ati o ns.

T h e pre cli ni c al a n d cli ni c al st u di es of M G B- B P- 3 s u g g est e d a n u m b er of q u esti o ns a b o ut its  m e c h a nis m of

a cti o n.  Di d it i n d e e d bi n d t o  A T ri c h re gi o ns of  D N A i n tre at e d b a ct eri a?  Were  m ulti pl e bi o c h e mi c al e ve nts

i n hi bit e d?  C o ns e q u e ntl y,  w as t h ere hi g h resili e n c e t o t h e d e vel o p m e nt of resist a n c e?  T h es e q u esti o ns h a ve b e e n
a d dress e d i n  R N A- Se q e x p eri m e nts usi n g S. a ure us as t h e  m o d el or g a nis m,  w hi c h i d e nti fi e d si g ni fi c a nt c h a n g es i n

f ut ur e s ci e n c e gr o u p 1 0. 4 1 5 5/f d d- 2 0 2 2- 0 0 0 1
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6 9 8 tr a ns cri pts i n t h e e x pressi o n pr o fil e [ 3 2]. L e vels of gl yc ol ysis-rel at e d e nz y m es  were s e e n t o i n cre as e a n d t h os e
of p e nt os e p h os p h at e p at h w a y  were re d u c e d. Fl u x t hr o u g h t h e tri c ar b o x yli c a ci d c ycl e  w as als o re d u c e d d u e t o a

re d u cti o n i n citr at e s y nt h as e a n d is o citr at e d e h y dr o g e n as e l e vels.  T h es e c h a n g es are ass o ci at e d  wit h e n er g y d e pl eti o n,

w hi c h  w o ul d b e c o nsist e nt  wit h t h e r a pi d killi n g of S. a ure us i n c ult ure, a n d t h e f ail ure t o e nt er a s p or ul ati o n p h as e.
Ta ki n g o bs er v ati o ns t o t h e l e vel of c o ntr ol,  D Nas e I a n d p er m a n g a n at e f o ot pri nti n g s h o we d t h at bi n di n g

t o Si g A pr o m ot ers a n d i n hi biti o n of pr o m ot er is o m eriz ati o n b y  R N A p ol y m er as e h ol o e nz y m e t o o k pl a c e. Si g A

pr o m ot ers c o ntr ol ess e nti al f u n cti o ns i n S. a ure us. S p e ci fi c all y, M G B- B P- 3 w as f o u n d t o bi n d t o t h e d n a D a n d
mr a Y pr o m ot er re gi o ns; t h ere b y, i nt erf eri n g  wit h tr a ns cri pti o n al i niti ati o n of t h es e g e n es,  w hi c h h a d b e e n s el e ct e d

b as e d o n si g ni fi c a nt d o w nre g ul ati o n o n dr u g c h all e n g e a n d q u a ntit ati ve re vers e tr a ns cri pt as e ( q R T)- P C R.  E vi d e n c e

f or t h es e bi n di n g sit es c a m e fr o m  D N As e a n d p er m a n g a n at e f o ot pri nti n g of t h e rel e v a nt re gi o ns of g e n o mi c  D N A.

N o n e of t h e a b o ve pre cl u d es t h e p ossi bilit y t h at  D N A- c e ntri c e ve nts ot h er t h a n bl o c ki n g tr a ns cri pti o n of ess e nti al
g e n es c o ntri b ut e t o t h e  m e c h a nis m of a cti o n of S- M G Bs.

At l ast t ur ni n g t o t h e  m ost i m p ort a nt q u esti o n of t h e e m er g e n c e of resist a n c e, S. a ure us w as re p e at e dl y c h all e n g e d

b y M G B- B P- 3 i n  m ulti pl e p ass a g es. S. a ure us w as gr o w n at s u b- MI C 8 0 c o n c e ntr ati o ns of eit h er M G B- B P- 3 or
rif a m pi ci n as a c o ntr ol f or 8 0 g e n er ati o ns.  O nl y resist a n c e t o rif a m pi ci n  w as o bs er ve d.  T his is str o n g e vi d e n c e

f or t h e resili e n c e of M G B- B P- 3 t o dr u g i n d u c e d resist a n c e.  Ta ki n g all of t h e e vi d e n c e t o g et h er, M G B- B P- 3

c a n t h eref ore b e d es cri b e d b y a pr o fil e t h at i m pli es i ntri nsi c resili e n c e a n d a v oi d a n c e of f ut ure b a ct eri al resist a n c e,
a  m aj or p ot e nti al b e n e fit.

A nti p ar a siti c s

T h e S- M G B pr oj e ct h as b e n e fit e d gre atl y fr o m c oll a b or ati o ns  wit h o utst a n di n g bi ol o gists.  E arl y i n t h e pr oj e ct

a p a n el of S- M G Bs  w as s p e c ul ati vel y s cre e n e d b y Pr of ess or  Mi c h a el  B arrett a n d Pr of ess or  H arr y d e  K o ni n g
( U ni versit y of  Gl as g o w) f or a cti vit y a g ai nst Try p a n os o m a s p p. , f oll o wi n g u p s o m e p ositi ve res ults at Str at h cl y d e

( C ar ol  Cl e m e nts). Fr o m t h es e res ults n ot o nl y  w as a s u bst a nti al pr oj e ct i nt o a ni m al  Afri c a n tr y p a n os o mi asis ( A A T)

tre at m e nt est a blis h e d b ut als o c o nt a ct  w as  m a d e  wit h  Dr  Vi c k y  Aver y ( Grif fit h  U ni versit y,  A ustr ali a)  w h o  w as a bl e
t o e v al u at e S- M G Bs a g ai nst Pl as m o di u m f alci p ar u m .  Of s e ver al hi g hl y a cti ve c o m p o u n ds, o n e, S- M G B- 1 6 9 , h a d

e xc e pti o n all y hi g h a nti pl as m o di al a cti vit y ( E C 5 0 = 3 8 n M) a g ai nst t h e 3 D 7 str ai n a n d i m p ort a ntl y  w as e q u all y

eff e cti ve a g ai nst t h e c hl or o q ui n e resist a nt str ai n,  D d 2,  wit h a n a c c o m p a n yi n g s el e cti vit y i n d e x c o m p are d  wit h t h e
h u m a n  H E K c ell li n e of gre at er t h a n 5 0 0 ( Fi g ure 7 ). F or re as o ns of h u m a n a n d fi n a n ci al res o ur c e li mit ati o n, t his

str o n g l e a d h as n ot b e e n f urt h er i n vesti g at e d [ 3 3].

M u c h  m ore t h or o u g hl y st u di e d h a ve b e e n a ntitr y p a n os o m al c o m p o u n ds f or  A A T, s e ver al of  w hi c h h a ve b e e n

f o u n d t o b e c ur ati ve i n  m o us e  m o d els of tr y p a n os o mi asis, i n cl u di n g b ot h t h e s p e ci es l ar g el y res p o nsi bl e f or  A A T,
T. c o ng ole nse a n d T. v i v a x [ 3 4].  Mi n or gr o o ve bi n d ers of a n ot h er c h e mi c al cl ass, t h e bis- a mi di n es, are als o k n o w n

t o b e p ot e nt tr y p a n o ci d es [ 1 5,1 9] .  At Str at h cl y d e a n d  Gl as g o w a n it er ati ve pr o c ess of d esi g n a n d s y nt h esis  wit h

s cre e ni n g i n vitr o l e d t o t h e i d e nti fi c ati o n of a cti ve c o m p o u n ds s uf fi ci e ntl y n o n t o xi c t o  m a m m ali a n c ell li n es
( m uri n e L 6 a n d h u m a n  H E K 2 9 3 T) t o j ustif y e v al u ati o n i n i n vi v o m o d els of dis e as e.  A g e n er al c h ar a ct eristi c

of t h e a ntitr y p a n os o m al S- M G Bs is t h e a mi di n e t ail gr o u p,  w hi c h is p er m a n e ntl y pr ot o n at e d at p h ysi ol o gi c al

p H i n c o ntr ast t o t h e  we a kl y b asi c  m or p h oli n e gr o u p of t h e d e vel o p e d a nti b a ct eri al c o m p o u n d, M G B- B P- 3 ;
t h e a mi di n e gr o u p gi ves b ot h i m pr o ve d s ol u bilit y a n d re d u c e d t o xi cit y pres u m a bl y as a c o ns e q u e n c e of its  m u c h

l o wer li p o p hili cit y.  As a n e x a m pl e of t h e i m p ort a n c e of t his diff ere n c e, t h e pr o fil es of S- M G B- 1 a n d S- M G B-

2 3 5 c a n b e c o m p are d. S- M G B- 2 3 5 is b ot h t e n-ti m es  m ore a cti ve a g ai nst T. c o ng ole nse a n d h as a 1 0 0-f ol d b ett er

s el e cti vit y i n d e x; a si mil ar rel ati o ns hi p is f o u n d f or S- M G B- 2 ( m or p h oli n e) a n d S- M G B- 2 3 4 ( a mi di n e) (Fi g ure 8 ).
T h es e pr o p erti es c o ntri b ut e d si g ni fi c a ntl y t o t h e s el e cti o n of S- M G B- 2 3 4 a n d S- M G B- 2 3 5 as c a n di d at es f or i n
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Fi g ur e 8. Str u ct ur e s a n d a cti viti e s  of a nti p ar a siti c Str at h cl y d e  mi n or  gr o o v e  bi n d er s.
Tc: Tr y p a n os o m a c o n g ol e ns e I C 5 0; T v: Tr y p a n os o m a vi v a x I C5 0 ; SI: S el e cti vit y i n d e x,  d e fi n e d as  H E K 2 9 3 T c ell I C5 0 di vi d e d  b y Tc  or T v I C 5 0 .

vi v o e v al u ati o n.  Ot h er i m p ort a nt f e at ures  were t h eir a cti vit y a g ai nst t h e di mi n aze n e-resist a nt T. c o ng ole nse str ai n,

Di m R [ 3 4]. S- M G B- 2 3 5 w as es p e ci all y eff e cti ve a c hi e vi n g a c o m pl et e c ure  wit h gre at er t h a n 6 0 d a ys  m e di a n s ur vi v al

i n a gr o u p of f o ur  mi c e at a n i. p. d os e of 1 0  m g/ k g t wi c e, i n c o m p aris o n  wit h 1 1 d a ys s ur vi v al f or u ntre at e d  mi c e.
T h e  m e c h a nis m of a cti o n of t y pi c al di a mi di n e  mi n or gr o o ve bi n di n g tr y p a n o ci d al dr u gs i n v ol ves d estr u cti o n

of t h e ki n et o pl ast a n d S- M G Bs  mi g ht b e e x p e ct e d t o d o s o t o o.  A T. b. br ucei i n vitr o g e n er at e d is o m et a mi di u m-

resist a nt li n e  wit h re d u c e d  mit o c h o n dri al  m e m br a n e p ot e nti al a n d l a c ki n g a ki n et o pl ast, I S M R 1, h as b e e n us e d

t o i n vesti g at e t his p h e n o m e n o n f or S- M G Bs. S- M G B- 2 3 4 w as eff e cti ve a g ai nst t his  m ut a nt s h o wi n g t h at t h e
ki n et o pl ast is n ot ess e nti al f or a cti vit y a n d t h at t h e ki n et o pl ast,  w hi c h is d estr o ye d b y di a mi di n e e x p os ure, is n ot t h e

m ai n t ar g et of t h e S- M G Bs.  A f urt h er disti n cti o n fr o m c o n ve nti o n al di a mi di n e  mi n or gr o o ve bi n d ers  w as f o u n d i n

t h at S- M G B- 2 3 4 ( a n d ot h er S- M G Bs) ret ai n e d a cti vit y a g ai nst T. br ucei li n es resist a nt t o di a mi di n es (s p e ci fi c all y
b e c a us e t h e y l a c k t h e tr a ns p ort ers T b A T 1 / P 2 a n d  H A P T / A Q P 2).  T h eref ore S- M G Bs h a ve r o ut es of u pt a k e ot h er

t h a n t h os e i n v ol ve d i n di a mi di n e i nt er n aliz ati o n.  T h ere  w as n o e vi d e n c e t h at  D N A re pli c ati o n i n hi biti o n  w as

t h e  m ai n  m o d e of a cti o n of S- M G Bs b ut, as  w as n ot e d f or a nti b a ct eri al S- M G Bs, t h ere are  m a n y  D N A- c e ntri c
c a n di d at es f or l et h alit y.  A p at h ol o g y o bs er ve d usi n g S- M G Bs; h o we ver,  w as s e gre g ati o n a n d t h eir  m or p h ol o g y

a b err ati o ns i n  D N A- c o nt ai ni n g or g a n ell es u p o n tre at m e nt of T. b. br ucei wit h S- M G B- 2 3 4 .  C ells  wit h  m ulti pl e

ki n et o pl asts a n d n u cl ei ( M K M N)  were o bs er ve d t o a c c u m ul at e o ver ti m e i n di c ati n g pr o bl e ms  wit h c yt o ki n esis.

T h e dis c o ver y of c ur ati ve S- M G Bs eff e cti ve a g ai nst b ot h p at h ol o gi c al s p e ci es of tr y p a n os o m e i n  A A T is s o m et hi n g
u ni q u e t o t h e S- M G B cl ass.  M ore o ver, t h e a cti vit y is ret ai n e d a g ai nst str ai ns resist a nt t o c urre ntl y us e d dr u gs a n d

t h e l a c k of t h e e m er g e n c e of resist a n c e h as b e e n d e m o nstr at e d i n l a b or at or y t ests [ 3 4]. F urt h er  w or k h as i d e nti fi e d

ot h er S- M G Bs  wit h i m pr o ve d pr o fil es a n d  w or k c o nti n u es t o e x p a n d pr o of of c o n c e pt t o ot h er tr y p a n os o m es a n d
g e n er a of p ar asit es.

A ntif u n g al a p pli c ati o n s

Bef ore t h e i d e nti fi c ati o n of t h e a nti b a ct eri al pr o p erti es of M G B- B P- 3 it  w as t h o u g ht t h at a n a ntif u n g al a p pli c ati o n

mi g ht b e t h e first t o b e d e vel o p e d. It  w as n ot u ntil a s u bst a nti al p a n el of S- M G Bs  w as s cre e n e d a g ai nst s e ver al
f u n g al s p e ci es b y t h e  C o m m u nit y f or  O p e n  A nti mi cr o bi al  Dr u g  Dis c o ver y t h at t h e f ull p ot e nti al of S- M G Bs i n

a ntif u n g al a p pli c ati o ns b e c a m e cl e ar [ 3 5]. S o m e of t h e n e w as p e cts of S- M G B bi ol o g y ass o ci at e d  wit h f u n gi c o ul d

alre a d y b e gl e a n e d fr o m a pre vi o us li mit e d st u d y at Str at h cl y d e i n  w hi c h t h e c o m p ositi o n of t h e b a ct eri al c ell  w all
a p p e are d t o b e criti c al f or a cti vit y. S- M G B- 3 2 5 w as ver y a cti ve a g ai nst Cry pt oc occ us ne of or m a ns ( MI C7 0 0. 2 5  m g / l)

b ut i n a cti ve a g ai nst C a n di d a al bic a ns (Fi g ure 9 ).  A pl a usi bl e e x pl a n ati o n f or t his diff ere n c e is b as e d u p o n t h e c ell

w all str u ct ure of t h e t w o f u n gi.  T h e o ut er c h ai n  m a n n a ns of C. al bic a ns c o nt ai n n e g ati vel y c h ar g e d p h os p h o di est er

li n ks  w hi c h are a bs e nt i n C. ne of or m a ns .  C o ns e q u e ntl y, t h e p h os p h o di est er a ni o n c o ul d s e q u est er di c ati o ni c  M G Bs,
pre ve nti n g u pt a k e i nt o t h e c ell a n d c a usi n g t h e l a c k of a cti vit y [ 3 6].

f ut ur e s ci e n c e gr o u p 1 0. 4 1 5 5/f d d- 2 0 2 2- 0 0 0 1
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Fi g ur e 9. Str u ct ur e  of a ntif u n g al Str at h cl y d e  mi n or  gr o o v e  bi n d er s.

F oll o wi n g t h e preli mi n ar y i n vesti g ati o n of a ntif u n g al S- M G Bs,  we h a ve e m b ar k e d o n a s p e ci fi c pr o gr a m of
a ntif u n g al dr u g dis c o ver y  wit h Pr of ess or  Mi c h a el  Br o ml e y at t h e  U ni versit y of  M a n c h est er.  T his l e d t o t h e

dis c o ver y of S- M G B- 3 6 3 ,  w hi c h is of i nt erest fr o m a n u m b er of p oi nts of vi e w. First, t h e s cre e ni n g res ults s h o w

t h at it h as a br o a d a cti vit y s p e ctr u m i n cl u di n g b ot h a ni m al a n d pl a nt p at h o g e ns  wit h l e vels of cli ni c al si g ni fi c a n c e
( b et we e n 0. 8 a n d 6. 2 5  m g/ l) f or R hi z o p us arr hi z us, F us ari u m o xys p or u m,  As pergill us fl a v us, Sce d os p ori u m pr oli fic a ns,

C a n di d a al bic a ns,  Cry pt oc occ us ne of or m a ns,  C a n di d a gl a br at a,  As pergill us f u mig at us a n d C a n di d a a uris . Se c o n d, t h ere

is a cti vit y a g ai nst t h e e m er gi n g resist a nt p at h o g e n, C. a uris [ 3 7].
Wit h re g ar d t o  m e c h a nis m of a cti o n, S- M G B- 3 6 3 l e n ds its elf t o dire ct st u d y b e c a us e it is i ntri nsi c all y hi g hl y

fl u ores c e nt.  T his pr o p ert y h as  m a d e it p ossi bl e t o d e m o nstr at e t h at t h e c o m p o u n d first ass o ci at es  wit h t h e f u n g al

c ell  w all b ef ore a c c u m ul ati n g i n t h e n u cl e us.  T h e l att er is fir ml y i n li n e  wit h t h e pr o p os e d  m e c h a nis m of a cti o n of

a  D N A bi n di n g c o m p o u n d.
B as e d o n t h e preli mi n ar y s u c c ess  wit h S- M G B- 3 6 3 , a f ull dr u g d e vel o p m e nt c a m p ai g n is c urre ntl y u n d er w a y.

A nti vir al  pr o s p e ct s

W hil e n ot i m m e di at el y o b vi o us t h at S- M G Bs  w o ul d b e eff e cti ve a g ai nst vir al i nf e cti o ns, i n p arti c ul ar a g ai nst
R N A vir us es, it  w o ul d b e re miss i n t h e c urre nt p a n d e mi c n ot t o l o o k i nt o t h e p ossi bilit y. Si g ni fi c a nt e vi d e n c e f or

a nti vir al a cti vit y of S- M G Bs  w as o bt ai n e d s o m e ye ars a g o i n c oll a b or ati o n  wit h Pr of ess or  Ar vi n d Pat el ( U ni versit y

of  Gl as g o w) a g ai nst  H C V [ u n p u blis h e d res ults].  H C V is a n e g ati ve ss R N A vir us a n d  w o ul d t h eref ore n ot i nt uiti vel y

b e c o nsi d ere d a t h er a p e uti c t ar g et f or  D N A  mi n or gr o o ve bi n d ers. It  w as, h o we ver, a n i m p ort a nt t ar g et at t h e ti m e
of t h e i n vesti g ati o n a n d i m p ort a nt i niti al d at a  were o bt ai n e d.  T h e  m ost si g ni fi c a nt c o m p o u n ds  were S- M G B- 1 3 1 ,

S- M G B- 1 8 7 a n d S- M G B- 2 1 9 , all of  w hi c h h a d s u b n a n o m ol ar I C5 0 s f or t h e pre ve nti o n of vir al gr o wt h  wit h

s el e cti vit y i n di c es gre at er t h a n 1 5 0 0 f or t h e h ost c ell (Fi g ure 1 0 ).
T h e si g ni fi c a nt a cti vit y a g ai nst a n  R N A vir us r ais e d t h e i nt eresti n g q u esti o n of  w h et h er S- M G Bs bi n d t o  R N A.

T h ere is s u bst a nti al e vi d e n c e t h at ot h er t y p es of  D N A  mi n or gr o o ve bi n d er; cl assi c al  mi n or gr o o ve bi n d ers s u c h as

D A PI a n d  H o e c hst 3 3 2 5 8 a n d bis- a mi di n es bi n d t o  R N A [ 3 8,3 9] . It is t h eref ore re as o n a bl e t o e x p e ct t h at S- M G Bs
d o s o t o o.  T his h as b e e n s h o w n t o b e t h e c as e b y usi n g fl u ores c e n c e i nt er c al at or dis pl a c e m e nt ass a ys  wit h t h e

d o u bl e-str a n d e d h o m o p ol y m er, p ol y a d e n yli c a ci d- p ol y uri d yli c a ci d, as a n e xe m pl ar ds R N A t ar g et.  M a n y, if n ot

m ost S- M G Bs, h a ve b e e n f o u n d t o bi n d t o ds R N A i n t h es e ass a ys [ 4 0].  B e ari n g i n  mi n d t h e str u ct ur al c o m pl e xit y

of  R N A it is p ossi bl e t h at  D N A  mi n or gr o o ve bi n d ers, i n cl u di n g S- M G Bs, c o ul d f or m  m a n y diff ere nt t y p es of
c o m pl e x  wit h  R N A. I n li g ht of t his n e w i nf or m ati o n, it is n e c ess ar y t o a c k n o wl e d g e t h e p ot e nti al i n a d e q u a c y of

t h e t er m ‘ S- M G B’.  Re c o g nizi n g t h at t h e r a n g e of t ar g ets e n g a g e d b y t h es e c o m p o u n ds i n cl u d es b ot h  D N A a n d

R N A, a  m ore a p pr o pri at e d esi g n ati o n  w o ul d b e Str at h cl y d e n u cl ei c a ci d bi n d ers ( S N A B).
A nti vir al a cti vit y is of gre at i m p ort a n c e i n t h e c o nt e xt of t h e c urre nt p a n d e mi c a n d a s el e cti o n of S N A Bs

(f or m erl y, S- M G Bs)  w as e v al u at e d i n vitr o at P u bli c  He alt h  E n gl a n d.  T h e l a b or at or y t est ass ess m e nt of ef fi c a c y

of S- M G Bs a g ai nst S A R S- C o V- 2 res ult e d i n t hre e ‘ hit’ c o m p o u n ds  wit h a cti viti es b et we e n 5 a n d 1 0 μ M,  w hi c h
were l o w e n o u g h f or pr o gressi o n t o a ni m al st u di es.  Of t h es e, S- M G B- 3 6 3 w as c h os e n b as e d o n e xisti n g d at a t h at

d e m o nstr at e d t h at it  w as  well-t ol er at e d i n a ni m al ( m o us e e x p eri m e nts), a n d t h at it l o c alize d s u bst a nti all y i n l u n g

tiss u e  w h e n a d mi nist ere d b y i nj e cti o n (Fi g ure 9 ). I n t h e h a mst er  m o d el of  C O VI D- 1 9 at P u bli c  He alt h  E n gl a n d

S- M G B- 3 6 3 re d u c e d vir al l o a d i n t h e h a mst er a n d als o re d u c e d t h e d a m a g e t h at t h e vir us c a us e d t o t h e l u n gs a n d
n as al c a vit y; t h ere b y, est a blis hi n g pr o of of c o n c e pt i n vi v o f or t h e a nti vir al a cti vit y of S N A Bs [ 4 0].

1 0. 4 1 5 5/f d d- 2 0 2 2- 0 0 0 1 F ut ur e  Dr u g.  Di s c o v. F D D 7 3 f ut ur e s ci e n c e gr o u p
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Fi g ur e 1 0. Str u ct ur e s  of a nti vir al Str at h cl y d e  mi n or  gr o o v e  bi n d er s.

C o n cl u si o n
T h e f a mil y of a nti bi oti c  m ol e c ul es, k n o w n as Str at h cl y d e n u cl ei c a ci d bi n d ers ( S N A Bs), h a ve a  m o d e of a cti o n

i n v ol vi n g bi n di n g t o  D N A or  R N A i n t h e t ar g et i nf e cti o us a g e nts.  T h e y bi n d at  m ulti pl e l o ci o n n u cl ei c a ci ds,

wit h t h e res ult t h at  m ut ati o n t o c o nf er resist a n c e vi a t ar g et e n g a g e m e nt  m o di fi c ati o n is u nli k el y.  T his re n d ers t h e

S N A B f a mil y of  m ol e c ul es resili e nt t o g e n er ati n g resist a n c e.  Diff ere nt  m e m b ers of t h e f a mil y h a ve b e e n s h o w n i n
vitr o a n d i n vi v o t o h a ve ef fi c a c y as a nti- b a ct eri als, a nti- p ar asiti cs, a nti-f u n g als, a n d a nti- vir als.  A l e a d a nti b a ct eri al,

M G B- B P- 3, h as s u c c essf ull y c o m pl et e d p h as e II cli ni c al tri als t o tre at  C. dif fi cil e i nf e cti o ns a n d is ‘ p h as e III re a d y’.

T h e S N A B f a mil y off ers gre at p ot e nti al i n o ur fi g ht a g ai nst a nti- mi cr o bi al resist a nt i nf e cti o ns.

F ut ur e  p er s p e cti v e

A n y tre at m e nt  wit h a  D N A bi n di n g dr u g re q uires c o n fi d e n c e t h at t h ere is n o res ulti n g g e n ot o xi cit y.  E vi d e n c e

a c c u m ul ati n g o ver t h e p ast 2 0 ye ars fr o m st u di es i n  m a n y l a b or at ori es of  m a n y c o m p o u n ds t h at bi n d n o n c o v al e ntl y
i n t h e  mi n or gr o o ve s h o w t h at t h ere is n o cl ass li a bilit y f or  D N A d a m a g e [ 4 1,4 2] . It is als o t h e c as e t h at n ot e ver y

S N A B bi n ds t o e ver y n u cl ei c a ci d t ar g et or, i m p ort a ntl y, re a c h es t ar g ets i n c ells, es p e ci all y h ost c ells.  T h ere is a fir m

b asis f or s p e ci es c ell ul ar s el e cti vit y e m er gi n g,  w hi c h gi ves c o n fi d e n c e f or t h e e x pl oit ati o n of n o n c o v al e ntl y bi n di n g
mi n or gr o o ve bi n d ers i n t h er a p e uti cs. I n d e ali n g  wit h  m ost i nf e cti o ns, c o urs es of tre at m e nt are s h ort, a f a ct t h at

als o  miti g at es t h e ris k of c hr o ni c d a m a g e t o  D N A.  T h e ess e n c e of S N A B a cti vit y, t h eref ore, is s el e cti ve l o c ati o n at

p at h o g e n n u cl ei c a ci ds a n d c o ns e q u e nt l et h al disr u pti o n of s e ver al ess e nti al bi ol o gi c al  m e c h a nis ms of t h e p at h o g e n.
O n e p art of t h e ori gi n al c o n c e pt f or S- M G Bs  w as t h at t h eir  m ultit ar g et e d a cti vit y t hr o u g h  D N A- c e ntri c bi ol o gi c al

pr o c ess es  w o ul d yi el d c o m p o u n ds  wit h a cti vit y a g ai nst a  wi d e r a n g e of i nf e cti o us a g e nts, a n d t his re m ai ns tr u e

f or S N A Bs.  T his h as pr o ve d t o b e t h e c as e i n pr a cti c e.  Acti vit y h as b e e n f o u n d at t h er a p e uti c all y si g ni fi c a nt l e vels

i n vitr o a g ai nst  Gr a m- p ositi ve b a ct eri a,  m yc o b a ct eri a, p ar asit es, f u n gi a n d vir us es. I n all c as es, pr o of of c o n c e pt
a cti vit y i n a ni m al  m o d els of rel e v a nt dis e as e h as b e e n f o u n d  wit h diff ere nt c o m p o u n ds c h ar a ct eristi c all y a cti ve

a g ai nst diff ere nt i nf e cti o us a g e nts.  O n e S N A B h as pr o gress e d s u c c essf ull y t hr o u g h a P h as e IIa cli ni c al tri al f or t h e

tre at m e nt of C. dif ficile i nf e cti o ns. Seri o us t h er a p e uti c c h all e n g es s u c h as  T B a n d n e w f u n g al i nf e cti o ns (C. a uris )
c a n i n pri n ci pl e b e  m et usi n g a p pr o pri at e S- M G Bs.

U n d erl yi n g t h e res ults s u p p orti n g d e vel o p m e nt of S N A Bs f or i nf e cti o us dis e as es is e vi d e n c e f or t h e s e c o n d a n d

m ost i m p ort a nt p art of t h eir t h er a p e uti c pr o fil e, n a m el y resili e n c e t o t h e e m er g e n c e of resist a n c e.  T his als o  w as p art
of t h e ori gi n al c o n c e pt f or S- M G Bs.  T h us, e vi d e n c e fr o m st u di es of S. a ure us a n d T. s p p. wit h diff ere nt S N A Bs is

c o nsist e nt  wit h t h eir i n hi biti n g s e ver al bi ol o gi c al f u n cti o ns.  Resist a n c e h as n ot b e e n f o u n d  w h e n s o u g ht i n  m ulti pl e

p ass a g e e x p eri m e nts  wit h S. a ure us a n d T. c o ng ole nse as t h e t ar g et or g a nis ms [ 2 9,3 1] .  Wit h res p e ct t o a ntitr y p a n os m al

a cti vit y, t h e S N A Bs are pr o b a bl y t h e o nl y s eri es of c o m p o u n ds t o s h o w si g ni fi c a nt a cti vit y a cr oss a  wi d e r a n g e
of dis e as e- c a usi n g s p e ci es i n cl u di n g T. br ucei,  T. c o ng ole nse,  T. vi v a x a n d T. c r u z i . I n d e e d, S N A Bs are p er h a ps t h e
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o nl y cl ass of c o m p o u n d t o s h o w si g ni fi c a nt a cti vit y a g ai nst p at h o g e ns fr o m bi ol o gi c all y disti n ct f a mili es: b a ct eri a,

p ar asit es, f u n gi a n d vir us es.  O n e of t h e  m ost s ur prisi n g a n d p ot e nti all y si g ni fi c a nt dis c o veri es is t h e a cti vit y of
S N A Bs a g ai nst  R N A vir us es, i n cl u di n g S A R S- C o V- 2.  T h es e res ults o p e n a n e w fi el d of res e ar c h.

I n s u m m ar y, S N A Bs, f or m erl y S- M G Bs, h a ve b e e n s h o w n e x p eri m e nt all y a n d i n t h e cli ni c t o h a ve e xc e pti o n al

p ot e nti al as a nti-i nf e cti ve dr u gs  w or ki n g i n a  m a n n er c o nsist e nt  wit h t h eir ori gi n al d esi g n c o n c e pt.

E x e c uti v e s u m m ar y

• M a n y  of t h e r esist a n c e  pr o bl e ms ass o ci at e d  wit h c urr e nt a nti-i nf e cti v e  dr u gs ar e a r es ult  of t h eir si n gl e-t ar g et

d esi g n.

• M ultit ar g et e d a nti-i nf e cti v e  dr u gs ar e li k el y t o  b e s u p eri or t o si n gl e  bi ol o gi c al t ar g et  dr u gs  d u e t o t h eir l o w er

s us c e pti bilit y t o t ar g et-r el at e d r esist a n c e  m e c h a nis ms.

• Str at h cl y d e  mi n or  gr o o v e  bi n d ers,  n o w t er m e d Str at h cl y d e  n u cl ei c a ci d  bi n d ers ( S N A Bs), ar e a cl ass  of c o m p o u n d

t h at  h a v e  b e e n  d esi g n e d  b as e d  o n t h e  m ultit ar g et e d a nti-i nf e cti v e  dr u gs  pri n ci pl e.

• S N A Bs  h a v e  d e m o nstr at e d cli ni c all y r el e v a nt a nti b a ct eri al  pr o p erti es,  n a m el y i n t h e c o m p o u n d, M G B- B P- 3 ,  w hi c h

h as c o m pl et e d P h as e II a cli ni c al tri al f or t h e tr e at m e nt  of C.  dif fi cil e ass o ci at e d  dis e as e.

• S N A Bs  h a v e als o  d e m o nstr at e d i n vi v o a ni m al  m o d el ef fi c a c y a g ai nst  m y c o b a ct eri a, tr y p a n os o m es a n d f u n gi.

• I n t h e a nti vir al s p a c e, S N A Bs  h a v e  d e m o nstr at e a  p ositi v e eff e ct i n i n vi v o a ni m al  m o d els  of S A R S- C o V- 2.

Fi n a n ci al  & c o m p eti n g i nt er ests  dis cl os ur e

T his  w or k  w as s u p p ort e d i n p art b y gr a nts fr o m:  U K RI: T h e diff eri n g bi ol o gi c al f at es of  D N A  mi n or gr o o v e- bi n di n g ( M G B) a nti bi oti cs

i n  Gr a m- n e g ati v e a n d  Gr a m- p ositi v e b a ct eri a B B S R C B B/ N 0 0 7 9 9 9 / 1 2 0 1 4 – 2 0 1 7. T h e diff eri n g bi ol o gi c al f at es of  D N A  M G Bs  M R C

C o n fi d e n c e i n  C o n c e pt 2 0 1 3 – 2 0 1 4.  A n e w dr u g dis c o v er y pi p eli n e f or a ni m al  Afri c a n tr y p a n os o mi asis B B S R C B B / N 0 0 7 6 3 8 / 1 2 0 1 5 –

2 0 1 9. T h e  w or k  w as s u p p ort e d b y t h e  W ell c o m e Tr ust: Ta c kli n g  M D R  Gr a m- n e g ati v e i nf e cti o ns b y a n  M G B c o nj u g ati o n str at e g y

2 1 0 1 0 3 / Z / 1 8 / Z. T h e  w or k  w as s u p p ort e d b y t h e  C hi ef S ci e ntist’s  Of fi c e: I n v esti g ati n g  A  N o v el  Cl ass  Of  Gr a m- N e g ati v e  A cti v e

A nti bi oti c S uit a bl e F or  Cli ni c al  Us e T C S / 1 9 / 3 3. T h e a ut h ors h a v e n o ot h er r el e v a nt af fili ati o ns or fi n a n ci al i n v ol v e m e nt  wit h a n y

or g a ni z ati o n or e ntit y  wit h a fi n a n ci al i nt er est i n or fi n a n ci al c o n fli ct  wit h t h e s u bj e ct  m att er or  m at eri als dis c uss e d i n t h e  m a n us cri pt

a p art fr o m t h os e dis cl os e d.

N o  writi n g assist a n c e  w as utili z e d i n t h e pr o d u cti o n of t his  m a n us cri pt.

O p e n a c c ess

T his  w or k is li c e ns e d u n d er t h e  Cr e ati v e  C o m m o ns  Attri b uti o n 4. 0 Li c e ns e. T o vi e w a c o p y of t his li c e ns e, visit htt p:// cr e ati v e c o m m

o ns. or g/li c e ns es/ b y/ 4. 0/

Cr o w n c o p yri g ht

T his  w or k is li c e ns e d u n d er  Cr o w n c o p yri g ht pr ot e cti o n a n d li c e ns e d f or us e u n d er t h e  O p e n  G o v er n m e nt Li c e ns e u nl ess ot h er wis e

i n di c at e d.  W h er e a n y of t h e  Cr o w n c o p yri g ht i nf or m ati o n i n t his  w or k is r e p u blis h e d or c o pi e d t o ot h ers, t h e s o ur c e of t h e  m at eri al

m ust b e i d e nti fi e d a n d t h e c o p yri g ht st at us u n d er t h e  O p e n  G o v er n m e nt Li c e ns e a c k n o wl e d g e d. P u blis h e d u n d er  C C- B Y 4. 0

w w w. n ati o n al ar c hi v es. g o v. u k/ d o c/ o p e n- g o v er n m e nt-li c e n c e/ v ersi o n/ 3/ C Cr o w n  C o p yri g ht.
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