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ABSTRACT
Nucleic acid aptamers are a promising platform for the development of a wide range 

of diagnostic and therapeutic agents and environmental monitoring tools. The properties of 
aptamers make it possible to consider them as synthetic analogs of antibodies. At the same 
time, aptamers have a number of important advantages over antibodies, which makes them 
an effective tool for the development of new-generation diagnostic tools that provide high 
sensitivity and specificity of detection with a high degree of reproducibility and 
controllability of properties and low production costs. In particular, technologies for the 
detection of biomolecules and whole microorganisms, created on the basis of aptamers, can 
be used to solve the problems of highly sensitive express diagnostics of bacterial pathogens. 
This review summarizes the achievements of aptamer technologies in the field of detection 
of bacterial pathogens and their components and discusses the prospects for their practical 
use.
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IN T R O D U C T IO N
T he use  o f  n e w  m eth o d s fo r the  d iag n o sis , p rev e n tio n  an d  trea tm en t o f  

b ac te ria l in fec tio n s  has m ad e  it p o ssib le  to  s ig n ifican tly  red u ce  th e ir  n eg a tiv e  im p act 
o n  h u m an s, k n o w n  fro m  th e  p a s t. N ev erth e le ss , m o rta lity  fro m  in fec tio u s d iseases 
rem a in s  h ig h  th ro u g h o u t the  w orld , ran k in g  firs t in  d ev e lo p in g  co u n tries  an d  seco n d  

on ly  to  can ce r an d  ca rd io v ascu la r d iseases in  co u n tries  w ith  d ev e lo p ed  o r tran s itio n a l 
econom ies. [12]. D esp ite  th e  ex is tin g  a rsena l o f  m o lecu la r, b io ch em ica l and  
m ic ro b io lo g ica l m eth o d s o f  d e tec tio n  an d  its co n stan t d ev e lo p m en t, th e re  are  a  
n u m b er o f  p ro b lem s in  c lin ica l d iag n o stics , th e  so lu tio n  o f  w h ich  is ex trem ely  

im p o rtan t fo r in c reas in g  th e  e ffec tiv en ess o f  th e  figh t ag a in st b ac te ria l pa th o g en s. 
O ne o f  th em  is the  e tio lo g ica l d eco d in g  o f  th e  in fec tion . D e te rm in a tio n  o f  th e  species 
o f  the  p a th o g en  is c a rried  o u t b y  m ic ro b io lo g ica l an d  b io ch em ica l m eth o d s and  

req u ires  a  s ig n ifican t am o u n t o f  tim e  a sso c ia ted  w ith  the  n eed  to  iso la te  an d  cu ltiv a te  
th e  m ic roo rgan ism . In  som e cases, e tio lo g ica l d eco d in g  is co n sid ered  inapp ro p ria te , 
since  it p o stp o n es  th e  start o f  th e rap y  [1]. T hu s, the  m a in  req u irem en t fo r n ew  
d iag n o stic  m eth o d s fo r id en tify in g  p a th o g en s is th e  p o ss ib ility  o f  rap id , h ig h ly  
sen sitiv e  (1 -1 0  p g  /  m l o r  less fo r m o lecu le s , fo r exam ple , fo r to x in s  an d  1 -2 0  cells  / 
m l fo r b ac te ria ) ta rg e t d e tec tio n  w ith o u t p re lim in a ry  en rich m en t an d  cu ltiv a tio n  o f  
m ic ro o rg an ism s. O ne o f  the  p ro m is in g  d irec tio n s fo r c rea tin g  h ig h ly  sensitive  te s t 

system s fo r ex p ress d iag n o stics  o f  in fec tio n s is the  u se  o f  ap tam ers. A p tam ers  are 
frag m en ts  o f  n u c le ic  ac id s o r p o ly p ep tid es  o b ta in ed  as a  resu lt o f  artif ic ia lly  d irec ted  
“ev o lu tio n  in  v itro ” an d  sp ec ifica lly  b in d in g  se lec ted  ta rg e t m o lecu le s  w ith  h ig h  
a ffin ity  [11, 12]. T h is  rev ie w  w ill lo o k  a t n u c le ic  ac id  ap tam ers an d  th e ir  po ten tia l fo r 
th e  rap id  d iag n o sis  o f  b ac te ria l in fec tions.

R a p id  d ia g n o s tic  m e th o d s  a n d  p ro s p e c ts  f o r  th e  u se  o f  a p ta m e r s
T he  m a in  m eth o d s o f  rap id  specific  d iag n o sis  o f  b ac te ria l p a th o g en s, w id e ly  

u sed  in  c lin ica l p rac tice , are cu rren tly  p o ly m erase  ch a in  rea c tio n  (P C R ) an d  vario u s 
d e tec tio n  m eth o d s u sin g  specific  an tib o d ies, th e  m o st co m m o n  o f  w h ich  is e n zy m e- 
lin k ed  im m u n o so rb en t a ssay  (E L IS A ). D esp ite  the  w id esp read  use  o f  th ese  m ethods, 
in  th e ir  m o d ern  fo rm  th ey  h av e  a  n u m b er o f  d isad v an tag es th a t lim it th e ir  

e ffec tiv en ess  as a  m ean s o f  exp ress d iag n o stics  and  rap id  e tio lo g ica l d eco d in g  o f  the  
pathogen . T he  sen sitiv ity  o f  c lass ica l E L IS A  u s in g  co lo rim e tric  de tec tio n , as a  ru le , 
does n o t ex ceed  1 n g  /  m l o f  th e  target. S eco n d ary  an tib o d ies  an d  co n ju g a te s  b ased  on  

a v id in  an d  its d e riv a tiv es u sed  in  san d w ich  E L IS A  system s are  o ften  a  source  o f  a  
n o n sp ec ific  signal. T h is  lim its  th e  p o ss ib ilitie s  o f  in c reas in g  th e  e ffic ien cy  o f  the  
m e th o d  b y  in c reas in g  the  sen sitiv ity  o f  seco n d ary  reac tio n s  in  E L IS A , fo r exam ple ,
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u sin g  ch em ilu m in escen ce  detection . P C R  is a  v e ry  sensitive  an d  specific  m e th o d  o f  
an a ly sis ; th eo re tica lly , th e  p resen ce  o f  on ly  a  few  co p ies o f  the  p a th o g en  g enom e in  
th e  sam ple  is su ffic ien t to  d e tec t a  ta rg e t D N A . [21]. P C R  o ften  req u ire s  en rich m en t 
o f  d e tec tab le  ta rg e ts  (an a ly te s) in  th e  sam ple  u sin g  a ffin ity  lab e ls  o r  se lec tive  m ed ia  
[19], w h ich  s ig n ifican tly  in c reases  th e  d e tec tio n  tim e, o r an o th e r v iru len ce  fac to r in  

th e  p ro cess o f  th e  d isease  T h u s, the  key  co m p o n en ts  o f  the  sy stem  fo r rap id  d iag n o sis  
an d  early  e tio lo g ica l d eco d in g  o f  in fec tio n  are: 1) a  d e tec tin g  ag en t th a t p ro v id es  h ig h  
a ffin ity  an d  sp ec ific ity  o f  b in d in g  to  th e  ta rg e t; 2 ) a  sy stem  fo r d e tec tin g  an d  o r 
am p lify in g  a  signal fro m  a  d e tec tin g  agen t, p ro v id in g  th e  d e te rm in a tio n  o f  an  analy te  
a t a  co n cen tra tio n  o f  5 -5 0  pg /m l (o r 1 0 -1 0 0  cells  (C F U )/m l) an d  less. A p tam ers  are 

one o f  the  m o st p ro m is in g  m o d ern  to o ls  fo r h ig h ly  sen sitiv e  ex p ress d iagnostics . T he 
ad v an tag es o f  ap tam ers o v e r an tib o d ies inc lu d e  the  lo w  co st o f  chem ica l syn thesis, 

th e  ease  o f  in tro d u c in g  a  w id e  ran g e  o f  lab e ls  and  fu n c tio n a l g ro u p s d irec tly  d u rin g  
syn thesis , the  ab sence  o f  a  d rop  in  a ffin ity  due  to  irrev ers ib le  d en a tu ra tio n  o f  active  
struc tu res, th e  p o ss ib ility  o f  u s in g  the  in te rn al s truc tu ra l fea tu res o f  th e  ap tam er i ts e lf  
to  c rea te , fo r ex am p le , a  f lu o rescen t rep o rte r, w h ich  ch an g es th e  in ten sity  o f  
flu o rescen ce  u p o n  in te rac tio n  w ith  a  ta rg e t [7, 12], a  h ig h  d en sity  o f  im m o b iliza tio n  

in  an  o rien ted  p o s itio n  o n  a  so lid  p h ase  co m p ared  to  an tib o d ies, an d  a  n u m b er o f  
o th e r p ro p ertie s  [20]. In  co n tra s t to  an tib o d ies, ap tam ers can  be o b ta in ed  to  

co m p le te ly  n o n -im m u n o g en ic  ta rg e ts  and  ev en  to  sm all, u b iq u ito u s  m o lecu les, fo r 
ex am p le , to  A T P  [6].

T e c h n o lo g y  o f  se le c tio n  o f  ta r g e t - d i r e c te d  a p ta m e r s
T he  ap tam er se lec tio n  tech n o lo g y  d ev e lo p ed  in  the  early  90s o f  th e  X X  cen tu ry  

w as n am ed  S E L E X  (S y stem atic  E v o lu tio n  o f  L ig an d s b y  E x p o n en tia l E n rich m en t) 
[8, 12, 14, 18]. T he  S E L E X  m eth o d  is a  ty p ica l rep re sen ta tiv e  o f  co m b in a to ria l 
lib ra ry  sc reen in g  m ethods. T he  h ig h e r th e  co m p lex ity  o f  th e  lib ra ry , th e  h ig h e r the  

p ro b ab ility  o f  fin d in g  a  h ig h -a ffin ity  lig an d  fo r th e  se lec ted  target. T he  in itia l 
d iv ers ity  o f  the  lib ra ry  o f  “n u c le ic ” ap tam ers fa r ex ceed s th e  co m p lex ity  o f  the  phage  
an d  rib o so m al lib raries. R ep ro d u c tio n  o f  N K  ap tam ers is ca rried  ou t in  a  sy stem  
co n sis tin g  o f  a  b u ffe r  so lu tion , D N A  ex ch an g e  en zym es an d  n u c leo tid e  triphosphates. 
F o r  am p lifica tio n  o f  th e  m a in  a lte rn a tiv e  ty p es  o f  co m b in a to ria l lib ra rie s , liv in g  
system s o r th e ir  m u ltico m p o n en t frac tio n s in  v itro  are  requ ired . A  la rg e  n u m b er o f  

u n d e fin ed  co m p o n en ts  an d  in te rfe ren ce  w ith  v ita l p ro cesses  in  system s h ave  a  

se lec tive  e ffec t o n  the  am p lifica tio n  e ffic ien cy  o f  in d iv id u a l lib ra ry  m em b ers . T hus, 
sc reen in g  o f  ap tam er lib ra ries  is the  m o st e ffic ien t w ay  to  o b ta in  h ig h -a ffin ity  lig an d s 
fo r b iom olecu les.
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S y s te m s  f o r  th e  d e te c t io n  o f  b a c te r ia  a n d  th e i r  c o m p o n e n ts  o n  a p ta m e r - b a s e d
T he  d ev e lo p m en t o f  m eth o d s fo r a p tam er d iag n o stics  o f  bac te ria , bacteria l 

to x in s  an d  v iru len ce  fac to rs  b eg an  in  th e  la s t 4 - 5  years; T he  n u m b er o f  s tud ies in  th is  
a rea  is still re la tiv e ly  sm all, b u t the  resu lts  ach iev ed  ind ica te  the  s ig n ifican t po ten tia l 
o f  ap tam ers fo r th e  d ev e lo p m en t o f  d iag n o stic  sy stem s an d  ap p ro ach es  to  d e tec tio n  in  

th e  fie ld  o f  m ic ro b io lo g y  an d  in fec tio u s d iseases.

A p ta m e r s  sp e c if ic  to  w h o le  b a c te r ia l  cells  a n d  m e th o d s  f o r  d e te c t in g  p a th o g e n s
b a s e d  o n  th e m

A p tam ers  specific  to  sp o re -fo rm in g  b ac illi w ere  am o n g  th e  firs t rep resen ta tiv es  
o f  th is  c lass o f  m o lecu le s , se lec ted  u sin g  liv in g  cells. I t is p e rtin en t to  no te  th a t the  
se lec tio n  o f  ap tam ers fo r w h o le  b ac te ria  is tech n o lo g ica lly  so m ew h at s im p le r th a n  the  
se lec tio n  o f  ap tam ers specific  to  b io m o lecu les , since  b ac te ria  are essen tia lly  a  n a tu ra l 

a ffin ity  so rb en t th a t can  be sep ara ted  fro m  a p tam er m o lecu le s  in  so lu tio n  by  sim ple  
cen trifu g a tio n , w h ile  ap tam ers b o u n d  to  b ac te ria  w ill be  deposited . B a c te ria  fixed , fo r 
ex am p le , w ith  fo rm ald eh y d e , are v e ry  re s is tan t to  th e  h a rsh  co n d itio n s o f  ev o lu tio n  o f  
th e  b o u n d  D N A , w h ic h  m ak es it p o ss ib le  to  se lec t h ig h -a ffin ity  ap tam ers. S pores o f  
bac illi, in  p a rticu la r  B . an th rac is , can  w ith stan d  b o ilin g  an d  rem a in  v iab le ; th ere fo re , 
th ey  are  a  co n v en ien t m odel fo r stu d y in g  m eth o d s o f  se lec tio n  o f  h ig h -a ffin ity  
ap tam ers u n d e r the  m o st severe  co nd itions. A p tam ers  se lec ted  fo r an th rax  p a th o g en  

spores sh o w ed  su ch  a  h ig h  a ffin ity  fo r th e  ta rg e t th a t th ey  co u ld  n o t be  e lu ted  in  
p h y sio lo g ica l so lu tio n s w h e n  h ea ted  to  99°C , b u t d isso c ia ted  fro m  th e  co m p lex  w ith  
spores in  d e io n ized  w a te r  [2]. A p tam ers  fo r B . th u rin g en sis  sp o res a llo w ed  the 
d e tec tio n  o f  on ly  ab o u t 103 m ic ro o rg an ism s, w h ic h  is p o ss ib ly  re la ted  to  the  cho ice  
o f  th e  d e tec tio n  m eth o d  (flu o rescen t q u an tu m  do ts), th e  sen sitiv ity  o f  w h ic h  is lo w er 
th a n  th a t o f  e lec tro ch em ilu m in escen ce . A t th e  sam e tim e , the  sen sitiv ity  o f  th is  

m e th o d  is h ig h e r th a n  th a t o f  o th e r m eth o d s o f  flu o rescen ce  d e tec tio n  o f  b ac illi spores 
[19]. A n  in te res tin g  ap p ro ach  w as u sed  to  c rea te  a  sy s tem  fo r the  d e tec tio n  o f  w ho le  

b a c te ria  S tap h y lo co ccu s au reus b ased  o n  ap tam ers. T he  au th o rs  u sed  b o th  p o sitiv e  
se lec tio n  o n  p a th o g en  cells  an d  n eg a tiv e  se lec tio n  u sin g  c lo se ly  re la ted  n o n 
p a th o g en ic  s tap h y lo co cc i [6]. F iv e  ap tam ers w ere  o b ta in ed  th a t e ffec tiv e ly  de tec t 
p a th o g en ic  s tap h y lo co ccu s au reus ag a in st th e  b ack g ro u n d  o f  v a rio u s , in c lu d in g  
c lo se ly  re la ted , bacteria . S ince the  n o n sp ec ific  b in d in g  o f  th ese  ap tam ers tu rn ed  ou t 
to  be v e ry  low , th ey  w ere  u sed  s im u ltan eo u sly  to  in crease  th e  e ffic ien cy  o f  se lec tio n  

o f  v a rio u s  iso la tes o f  S tap h y lo co ccu s aureus. A s a  ru le , in  w o rk s o n  o b ta in in g  
d iag n o stic  ap tam ers specific  to  w ho le  b ac te ria , d eco n v o lu tio n  o f  a n  ind iv id u a l ta rg e t 
m o lecu le  is n o t p e rfo rm ed , since  th is  is a sso c ia ted  w ith  s ig n ifican t costs  w ith o u t a
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g u aran tee  o f  id en tifica tio n  and  it is im p o ssib le  to  d e te rm in e  in  adv an ce  w h e th e r th is  
o r th a t ta rg e t w ill be  p re sen t in  100%  o f  p a th o g en  iso la tes  o r on ly  in  som e o f  them . 
D e tec tio n  o f  severa l ta rg e ts  sim u ltan eo u sly , p o ss ib le  due to  the  h ig h  se lec tiv ity  o f  
ap tam ers, s ig n ifican tly  in creases the  p ro b ab ility  o f  successfu l d e tec tio n  o f  the  
pathogen . T he  d esc rib ed  tech n iq u e  m akes it p o ss ib le  to  de tec t sing le  b ac te ria  in  

sm ears o b ta in ed  d irec tly  fro m  the  patien t. T he p o ten tia l se lec tiv ity  o f  a  p a ir  o f  
d iffe ren t ap tam ers o b ta in ed  fo r th e  sam e ty p e  o f  m ic ro o rg an ism s can  be d e te rm in ed  
by  th e  m eth o d  o f  co m p etitiv e  in h ib itio n , in  w h ich  an  excess o f  ap tam er A , w h ich  

does n o t c o n ta in  a  lab e l, p rev en ts  the  b in d in g  o f  lab e led  ap tam er A  to  th e  bac te riu m , 
b u t does n o t p rev en t th e  b in d in g  o f  ap tam ers B , C , E , etc. lab e led  w ith  dyes w ith  
d iffe ren t flu o rescen ce  w avelen g th s . In  ad d itio n  to  u s in g  severa l ap tam ers 
s im u ltan eo u sly  fo r se lec tive  d e tec tio n  o f  a  ta rg e t o f  the  sam e ty p e , se lec tio n  o f  one 

g ro u p -sp ec ific  ap tam er is a lso  possib le . S uch  m o lecu les w ere  o b ta in ed  to  id en tify  M - 
ty p e  strep to co cc i, w h ich  p rev a il in  C an ad a  [16]. In te restin g ly , th e  o b ta in ed  ap tam ers 
b o u n d  all o r a lm o st all s trep to co ccu s stra ins se lec ted  fo r se lec tio n  w ith  co nstan ts 
ran g in g  fro m  1 -1 3  nM , w h ile  th e  b in d in g  o f  ap tam ers to  M -ty p e  stra in s th a t d id  n o t 
p a rtic ip a te  in  se lec tio n  w as m u ch  less  effic ien t. T hu s, se lec tio n  o f  ap tam ers o n  w hole  
b ac te ria l cells  c an  be u sed  n o t on ly  to  o b ta in  p an sp ec ific  d iag n o stics , b u t a lso  to  
d ev e lo p  m eth o d s fo r fine  d iffe ren tia tio n  o f  p a th o g en  sub types and  iso lates. T he  u se  o f  

ap tam ers specific  fo r a  specific  se ro v ar o f  a  p a th o g en  is co n sid ered  u s in g  the  exam ple  
o f  S a lm o n e lla  ty p h im u riu m  [28]. T hese  ap tam ers w ere  p rev io u s ly  se lec ted  fo r 
b in d in g  to  the  b ac te ria l o u te r m em b ran e  p ro te in  (O M P ) frac tio n  [24] an d  p ro v ed  to  be 
e ffec tiv e  fo r b in d in g  to  w h o le  ce lls  an d  p u rify in g  th e m  b y  m ag n e tic  sep ara tio n  fro m  
co m p lex  m ix tu res co n ta in in g  c lo se ly  re la ted  bacteria . T he  au th o rs  o f  th e  w o rk  sh o w  
th e  e ffec tiv en ess  o f  ap tam ers as a  to o l th a t p ro v id es  adequate  sen sitiv ity  o f  rea l-tim e  
P C R  in  the  an a ly sis  o f  co m p lex  m ix tu res o f  m ic ro o rg an ism s, in  w h ich  the 

am p lific a tio n  e ffic ien cy  o f  th e  ta rg e t D N A  can  d ecrease  by  severa l o rders  o f  
m agn itude . T he  sen sitiv ity  o f  the  m e th o d  o f  ap tam er m ag n e tic  p u rif ic a tio n  on  
m ic ro sp h e res , co u p led  w ith  rea l-tim e  P C R , w as 1 b ac te riu m  (C F U ) p e r  P C R  reac tio n  
[23]. R e se a rch  o n  the  se lec tio n  o f  ap tam ers fo r one  o f  th e  m a in  cau sa tiv e  agen ts o f  
n o so co m ia l in fec tio n s, P seu d o m o n as ae ru g in o sa , w as a im ed  a t d ev e lo p in g  a  m eth o d  
fo r d e tec tin g  p a th o g en  cells  u s in g  flu o rescen tly  lab e le d  ap tam ers. I t w as sh o w n  th a t 
th e  m o st e ffic ien tly  b in d in g  ap tam er (K d  ab o u t 20  n M ) m ade  it p o ssib le  to  e ffic ien tly  

id en tify  ta rg e t cells  b y  flu o rescen ce  m icroscopy . T h is  m e th o d  is fas t (1 .5 -2  h ), as 
w ell as in ex p en siv e  an d  tech n ica lly  u n co m p lica ted , w h ic h  m ak es its u se  a ttrac tiv e  fo r 
d iag n o stics  in  a  s tan d ard  c lin ica l lab o ra to ry  [20]. D e tec tio n  o f  p a th o g en s u sin g
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aptamers obtained by selection on whole bacteria can be very effective in cases where 
the cultivation of bacteria is problematic. Aptamers selected for binding either to a 
fraction of the outer membrane proteins of the pathogen [4] or to whole cells [10] 
were able to detect approximately 2 to 250 bacteria / ml, depending on the type of 
sample used for analysis. This enables efficient detection of clinical specimens for the 
presence of Campylobacter jejuni using a standard fluorometer or fluorescence 
microscope [4]. In addition, the protein nature of the target with which it binds was 
shown for the aptamer selected for interaction with whole cells. In conclusion, it is 
pertinent to note that aptamers recognizing targets on the surface of living cells are 
capable of blocking infection [7, 16]. Aptamers specific to bacterial
lipopolysaccharides exhibited a protective anti-inflammatory effect in v ivo  [11]. 
Thus, aptamers specific to receptors that recognize targets in the host organism or 
binding virulence factors can be considered not only as potential diagnostic tools, but 
also as candidates for the development of new therapies.

D e te c tio n  o f  m o le c u la r  t a r g e ts  o f  m ic ro b ia l  o r ig in  u s in g  a p ta m e r s  
A significant number of works in the field of aptamers specific to bacterial 

pathogens are devoted to biomolecular targets, which are either virulence factors or 
molecular markers of a particular microorganism, or have other unique properties that 
make them a target for creating a specific diagnostic method. Within the framework 
of these studies, aptamers specific to the components of the anthrax lethal toxin [8], 
botulinum toxin [16], cholera and staphylococcal toxins [3], soluble antigens of the 
causative agent of tularemia [17], tuberculosis [14], lipopolysaccharides of the cell 
wall of E. co li O111: H4 [9]. The sensitivity level of detection of pathogens using 
these aptamers was close to the detection sensitivity level achieved by the ELISA 
method, or slightly exceeded it. In some cases, it was possible to achieve a higher 
detection sensitivity (10 pg for electrochemiluminescence detection of staphylococcal 
enterotoxin [3]), however, no regularities affecting the detection sensitivity with the 
use of aptamers were identified in this work. Soluble components of cells, in 
particular the total proteins of the outer membrane, were used to create methods for 
the detection of whole cells based on aptamers. For example, aptamers obtained for 
the outer membrane proteins of Salmonella enterica serovar typhimurium have been 
used as agents allowing efficient isolation of a pathogen from complex natural 
mixtures for subsequent PCR detection. Interestingly, both a mixture of aptamers 
obtained by selection and a number of individual aptamers obtained by deconvolution 
of the mixture could be effectively used as a tool for affinity purification. A mixture
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of aptamers can be effectively used to detect not only Salmonella typhimurium, but 
also other Salmonella [12].

D e te c tio n  o f  m o le c u la r  t a r g e ts  o f  m ic ro b ia l  o r ig in  u s in g  a p ta m e r s
A significant number of works in the field of aptamers specific to bacterial 

pathogens are devoted to biomolecular targets, which are either virulence factors or 
molecular markers of a particular microorganism, or have other unique properties that 
make them a target for creating a specific diagnostic method. Within the framework 
of these studies, aptamers specific to the components of the anthrax lethal toxin [8], 
botulinum toxin [26], cholera and staphylococcal toxins [3], soluble antigens of the 
causative agent of tularemia [19], tuberculosis [15], lipopolysaccharides of the cell 
wall of E. co li O111: H4 [9]. The sensitivity level of detection of pathogens using 
these aptamers was close to the detection sensitivity level achieved by the ELISA 
method, or slightly exceeded it. In some cases, it was possible to achieve a higher 
detection sensitivity (10 pg for electrochemiluminescence detection of staphylococcal 
enterotoxin [3]), however, no regularities affecting the detection sensitivity with the 
use of aptamers were identified in this work. Soluble components of cells, in 
particular the total proteins of the outer membrane, were used to create methods for 
the detection of whole cells based on aptamers. For example, aptamers obtained for 
the outer membrane proteins of Salmonella enterica serovar typhimurium have been 
used as agents allowing efficient isolation of a pathogen from complex natural 
mixtures for subsequent PCR detection. The sensitivity of the method was about 1 
bacteria per 1 ml of the mixture. Interestingly, both a mixture of aptamers obtained 
by selection and a number of individual aptamers obtained by deconvolution of the 
mixture could be effectively used as a tool for affinity purification. A mixture of 
aptamers can be effectively used to detect not only Salmonella typhimurium, but also 
other Salmonella [22].

A p ta m e r  P C R  a n d  P ro s p e c ts  f o r  I n c r e a s in g  th e  S e n s it iv ity  o f  B io m o le c u le
Detection Methods for the detection of whole bacterial cells based on aptamers 

in a number of cases have reached a very high level of sensitivity, making it possible 
to determine 1-100 cells/ml in clinical samples and various complex natural 
mixtures. At the same time, the sensitivity of methods for detecting individual 
biomolecules is limited by signal generation methods, which, in the case of 
traditional methods of fluorescence, chemiluminescence, or enzymatic detection in 
solution or on a solid phase, are at a level from several nanograms to hundreds of 
picograms per 1 ml of the samples under study. [21, 24]. One of the most promising 
ways to create methods for detecting low concentrations of toxins and other
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b io m o lecu les  ch arac te ris tic  o f  the  early  stage  o f  in fec tio n  is a sso c ia ted  w ith  the  u se  o f  
ap tam ers as substitu tes  fo r an tib o d ies in  im m u n o -P C R  (IPC R ). T he  c lassica l IP C R  
m eth o d  is one  o f  the  m o st sensitive  m eth o d s fo r th e  d e tec tio n  o f  b io m o lecu le s ; it 
a llo w s th e  d e te rm in a tio n  o f  su b fem to g ram  am o u n ts  o f  su b stan ces, in c lu d in g  
p a th o g en s an d  to x in s [13, 14, 17, 18, 25 , 28.]. T he  p rin c ip le  o f  IP C R  co in c id es w ith  

th e  p rin c ip le  o f  E L IS A : in  the  sam e w ay  as in  E L IS A , th e  a n tig en  is reco g n ized  by  
th e  an tib o d y , a fte r w h ich  the  signal is am p lified  due to  th e  ac tiv ity  o f  the  enzym e. I f  
in  E L IS A  the  enzym e is co n ju g a ted  w ith  a  p rim ary  o r seco n d ary  an tib o d y , th e n  in  

IP C R  w ith  an  an tib o d y  a  D N A  frag m en t (u su a lly  8 0 -3 0 0  n t lo n g ) is co n juga ted , 
w h ich  is am p lified  by  th e rm o stab le  D N A  po lym erase . T he  h ig h  e ffic ien cy  o f  P C R  
p ro v id es  th e  sen sitiv ity  o f  IP C R  2 - 4  o rders o f  m ag n itu d e  h ig h e r th a n  th e  sen sitiv ity  
o f  c lass ica l E L IS A . A t the  sam e tim e , tech n o lo g ica l p ro b lem s o f  IP C R  still 

co m p lica te  th e  d ev e lo p m en t o f  c lin ica l d iag n o stic  system s b ased  o n  th is  techno logy . 
In  p a rticu la r, the  p rep a ra tio n  o f  co v a len t o r n o n -co v a len t (b ased  o n  av id in b io tin  [24]) 

an tib o d y  -  D N A  co n ju g a tes is a  tech n ica lly  d ifficu lt p ro ced u re , som e con ju g a tes 
in itia te  n o n sp ec ific  D N A  b in d in g  an d  am p lifica tio n , the  la rg e  size o f  an tib o d ies and  
co n ju g a te s  red u ces the  c o n cen tra tio n  o f  th ese  m o lecu les o n  the  so lid  ph ase , red u c in g  
sensitiv ity . A p p lied  to  IP C R , ap tam ers co m b in e  th e  p ro p ertie s  o f  b o th  an tib o d ies and  
rep o rte r D N A . In  fact, in  th e  p resen ce  o f  an  ap tam er specific  to  a  g iv en  targe t, 

an tib o d ies, co n ju g a tio n  p ro ced u res , as w ell as som e o f  th e  p ro ced u res  d u rin g  th e  test, 
b eco m e u n n ecessa ry , w h ic h  lead s to  a  s ig n ifican t s im p lifica tio n  o f  th e  d e tec tio n  
m eth o d , red u c tio n  o f  th e  an a ly sis  tim e  an d  a  d ecrease  in  the  b ack g ro u n d  level. 
A p tam ers  an d  p ro sp ec ts  fo r b io sen so r d e tec tio n  o f  p a th o g en s an d  to x in s  B io sen so rs  
are b e in g  d ev e lo p ed  as p o rtab le  au to m ated  d ev ices th a t ensu re  th e  d e tec tio n  o f  
b io lo g ica l ta rg e ts  in  th e  en v iro n m en t an d  m in im ize  th e  o p e ra to r 's  ac tio n s fo r 

p rep a rin g  sam ples an d  se ttin g  u p  a  reaction . In  som e cases (fo r ex am p le , d e tec tio n  o f  

a  p a th o g en  in  a ir  o r w a ter), a  b io sen so r is co n sid ered  as a  co m p le te ly  au to n o m o u s 
d ev ice  s ig n a lin g  the  ap p ea ran ce  o f  a  p a th o g en  o r tox in . T he  d ev e lo p m en t o f  
b io sen so rs  is a im ed  at c rea tin g  dev ices th a t c an  be  u sed  in  the  fie ld  o r c lose  to  them . 
A rtific ia lly  sy n th esized  (o ften  to g e th e r w ith  fu n c tio n a l g ro u p s p ro v id in g  
im m o b iliz a tio n  an d  d e tec tio n ) ap tam ers are m u ch  m ore  co n v en ien t an d  e ffic ien t 
m o lecu le s  in  te rm s o f  c rea tin g  a  sen so r an d  u n ifo rm ity  o f  its p h y sico ch em ica l 

p ro p ertie s  th a n  an tib o d ies an d  o th er b io sy n th e tic  p ro d u c ts  [27]. A n d  a lth o u g h  at 

p resen t ap ta sen so rs  are ex c lu siv e ly  lab o ra to ry  d ev e lo p m en ts , in  th e  fu tu re  th ey  can  be 
u sed  as a  b asis  fo r dev ices th a t p ro v id e  the  d e tec tio n  o f  sm all an d  u ltra -sm a ll am oun ts 
o f  a  ta rg e t [30].
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C O N C L U S IO N
T he use  o f  ap tam ers is p ro m is in g  fo r c rea tin g  system s fo r d iag n o sin g  b ac te ria l 

p a th o g en s, m o n ito rin g  p a th o g en es is  an d  th e rap y  o f  in fec tio n s, s tu d y in g  b ac te ria  in  
th e  en v iro n m en t, in c lu d in g  in  food  an d  d rin k in g  w a te r  sources. A p tam ers  are ac tually  
a rtific ia l analo g s o f  an tib o d ies and , a t the  sam e tim e, h av e  a  n u m b er o f  im p o rtan t 

ad v an tag es o v e r them . D esp ite  the  re la tiv e ly  recen t b eg in n in g  o f  th e  s tudy  o f  
ap tam ers as p o ten tia l m ean s o f  d iag n o sin g  in fec tio u s d iseases an d  an a ly z in g  b ac te ria l 
co n tam in a tio n  o f  the  en v iro n m en t, a  fa irly  c lea r p ic tu re  o f  th e  d ev e lo p m en t o f  

ap tam er tech n o lo g ie s  as ap p lied  to  c lin ica l m ic ro b io lo g y  h as  n o w  em erged . It is no t 
ex c lu d ed  th a t in  the  v e ry  n e a r  fu tu re  the  c lin ic  w ill have  system s fo r d e tec tin g  liv in g  
ce lls  o f  m ic ro o rg an ism s b ased  o n  ap tam ers. T he  d ev e lo p m en t o f  ap tam eric  
b io sen so rs  su itab le  fo r use  in  c lin ica l p rac tice  is lik e ly  to  o ccu r in  the  lo n g e r te rm , b u t 

th e  p o ten tia l o f  th is  tech n o lo g y  is v e ry  h ig h  due to  the  au to n o m y  an d  p o rtab ility  o f  
sen so r dev ices. In  gen era l, the  p ro p ertie s  o f  ap tam ers co n sid ered  in  th is  rev ie w  m ake 
th e m  th e  m o st im p o rtan t co m p o n en t o f  d iag n o stic  system s fo r the  n e a r  fu ture.
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