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Abstract

Streptococcus pneumonia is a major pathogen in humans, and causes diseases such as pneumonia and meningitis.
This bacterium produces many virulence factors that participate in the mechanics of injury. The battle between human
host and bacterial pathogen is extremely complex. Each side tries to outpace the other in the race for survival. Particularly
in the innate immune system in humans, the complementary immune system acts as the first line of defense against
invading pathogens during the course of evolution, however, the pathogen has developed multiple strategies to counter
the host complement system and colonization, for survival and sustainability within the host. One of these pathogens is
Streptococcus (pneumococcus), which are Gram-positive bacterial pathogens that often coexist in the human respiratory
system. Depending on the host's sensitivity, pneumococcus can transform into an infectious agent that spreads within the
human host and causes diseases ranging from mild to severe and potentially life-threatening diseases. This transition from
the symbiont to the infectious agent is a very complex process and an understanding of this mechanism is essential in
controlling pneumococcal disease. Using its complex arsenal of weapons such as surface adhesions as well as
pneumococcal recruitment recruit the host's immune system. This review discusses the biological activity of several
pneumococcal virulence agents and describes C1q, the first subunit of the classic complement pathway, and its role in
antimicrobial reactions, as pneumococcus exploits C1g as a molecular bridge that facilitates the attachment of this
bacterium to the cell surfaces of the host.

Keywords : Pneumococcal staphylococcus, virulence factors,cell surface proteins, complement pathway, C1q

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative Commons
Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.ig
+9647823331373 (Viber and Telegram)

182


https://extranet.issn.org/resource/issn/1992-0652
https://extranet.issn.org/resource/issn/2312-8135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq
mailto:sci.hawraa.mohammed@uobabylon.edu.iq
mailto:Sci.zahraa.mohammed@uobabylo.edu.iq
mailto:sci.raflaa.sabek@uobabylon.edu.iq
mailto:sci.dalal.showali@uobabylon.edu.iq

Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

Streptococcus pneumonia dgisll =lygSoll Liyisy A4 dglyall folge

duclioll dslriul 78 C1Q poioll y92g
Lo daaa ¢lyga

DU teols — pglell IS = 5bad] agle and

Al Aeae dana )p)

bl drols — pglel] 4SS — 5Lt 2 gle arid
O Bl 28

bl deols — pglell IS — 5Lt agle aud

Qe L) Jaaa Y2
bl drals — aglel) 4uS = 5Lad) agle ausd

Ll

e dind (A agaldl e laliall mlanY) & exindi, ahall Aulad) WyiSs - Streptococcus pneumonia g dusisll <y <l

s il sghual) Jalse (e waal) LyiSill s3n i - Lladl Gleilly sl e o8 Lo ) (abaY) (e, il (5 Ayl (ahyal) ilisnaa
Slead) il dal o AT e sl Gk IS Jglay 3 Ral) sdiea agiadl (2 padlly (5ol) Cismall (s 3Ssmal) o) AliaY) 4SS0 i
iy Aale 3ypeas ALl Gabel) Cliwe i Jo¥1 g liall bad yiay complement system  aciall sl dalay Gl & S el
Ll Gl s clayadll oda aaly cawad) Jals hauVls el dal e adid) Al dealsd GladliaY) Ge e Slasedl
o gl @l Kall A6 Jia ,Caniadll aua Jah LLaY) Elaaf @ waclud sghuall Jalse (4o 2aall dlliss 1) Streptococcus pneumonia
2 doa gl gl Cllladl) Zaalyall o328 z8lE L ALa) Glaal & Al Jalsall e S colonize, cilyeaiuall (4S5, adhesions Elailyl

- piall S lliadl) DUa Bl i Jaian ) ((C1Q) ) pcial) Zijad il oall iy Byl il Sall s puall alse

C1q , acial) Slse asadandl clidig il oghual) Jalse sl Asasiial) culyoSall 01400 clalS)

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative Commons
Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.ig
+9647823331373 (Viber and Telegram)

183


https://extranet.issn.org/resource/issn/1992-0652
https://extranet.issn.org/resource/issn/2312-8135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq
https://ar.wikipedia.org/wiki/%D8%A8%D9%83%D8%AA%D9%8A%D8%B1%D9%8A%D8%A7_%D8%A5%D9%8A%D8%AC%D8%A7%D8%A8%D9%8A%D8%A9_%D8%A7%D9%84%D8%BA%D8%B1%D8%A7%D9%85
https://ar.wikipedia.org/wiki/%D8%A8%D9%83%D8%AA%D9%8A%D8%B1%D9%8A%D8%A7_%D8%A5%D9%8A%D8%AC%D8%A7%D8%A8%D9%8A%D8%A9_%D8%A7%D9%84%D8%BA%D8%B1%D8%A7%D9%85

Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

Gl (al ) Gl €I & Streptococcus pneumoniae (PNEUMOCOCCUS) Ausiyll duskall ) <l
lgilly a2y (g5 gy sl ) el i, 9AT Uiabyal Wil sy o (S5 AN asald) paxins e pud
Glaanall (e auls G2a LASH o3 dllia ,bsin Oale 1.2 Jsa Lialle a8 JULY) vie dualis by s LS Llad)
Sl aaaie Alaiaall oA Glaasdl o3 e, il pua 5]l Elaaly il paxisal) RS kit DA e A
Aol by oKl @V o asiadl Qubass (ilas (e ety .toXin pneumolysin (PLY) , clasiyls dpadaud) cilisis yl
ph o 2oLy Bshal) (alse 4l (31 jpall ngh o) LADL g5 e alie Yl 5hal) Jolse z ) e Lgipd b ik
el Bleal) Slaal 8 (ajedl) ol Aale 5y a2t # Gl 2L Culial) z3all taaty (ggaall il
=il Sleall (o cogll Sl gt Y AaYl Chsaal aua dals Jalially ceriadl 685 al (e bl e
S35 el mha e 335mpal) GLail) Ciliia dsm Aaudsy Gaing Chuaall s (31 Cihesiod) (s . [1,2]
Cilabivs g 8yilie Bysems lele s 3k e lgilatl) Jeon il 038 sale Aacalye) Glaal 8 Bl 55ladl) o
) Gl pin 353505l Jomall iy pr ) Leblagiad Goyh e o il Fuin (DA o e s gn (CUikinne)
gl g il ) Sl 22355 Chpmall sl Bgla A1) S g el 3 e S ALYl GanY junS Jors
o sl IS8 Byl )y Sall Jelis [3] il WIS mhul o LBl adee (gl cilisig ) o liliie 2
adiall isja ae Jeliy s3I endopeptidase O (PepO) lele (slla iy ) Wilaly Abadll dapedd) mlanl)
. classical complement pathway S adiall Hluse s SR Ajall i Al «Clq
dalse e Al oda 35 [1,2] disiaddl WIAY 525 Gl peil Jiim sunS C1Q Ky o235 Augil) ol
allal lealadinds C1q Aisal e liadl 55l cles) dal 50 C1Q Lija ae Lushyll clys€all de il ac bl gl 550l
4] syl @l Sl

Bpal) Jalss -1
capsule 4aiadl 1-1

On okt Lo LeSan i, Al Agiiall i Sall LS b A lall ARl o (Sl a3eie) )] e
Laiifig el Aalal) deald) dilee (8 Lyl 3k e ol (S0 35)pcal) b Laga 1ysa caali L [5] e sl 400-200
Oy xag 6] 2)Sull daaial iadll Jaailly dlsall YO 4 sl ASlew S, pneumoniae LS i)
o8 o) & Lagale il ) 505 capsule polysaccharide (CPS) 455l culysSall 15wl Ladll (BaY!
o LB b cllay) QS , deald) doglie o ) L% uSay g€l 35ay o L[7] Gnmhe) e LK)
o) Lo . [8] sl ysSall sghnin ale aal Sl anto guns€ (055 Ly Liala Ay lio Aylaid e Jpaasl
aciall Ly giar AlguasSl) 5ny  aciall pind Alee T2 LS o e Taghyll iy oSall Lo laad Aaadiall saliadl)
WAl mhas e 53smsall Ol g Jelitly LY (g 20,00 Aal) mhas e o) cplsuslSlFC 2 4C3b
AaS (e Lol i A gl sgay o ) Eaadl cluball juds 9138 £)a (greaad) GISI oy UM Aag, dgeeld)

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative Commons
Attribution 4. 0 International License, 2020.

https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

184


https://extranet.issn.org/resource/issn/1992-0652
https://extranet.issn.org/resource/issn/2312-8135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

LAY dealea s (NEUtrophil) alaad) Ganl) asll il S 2alSal (o iy ling.[10] @S mhand) e Zasjiall acial
Aty ladl gall b LS el 05y Clpariosall (0585 8 antyll sal) Al (il WS L[11] Al g)la o
Ay A8 ) B L [12] bl g3l 3 (gpamall CHASH A (o Flaliall daal) SolSeal) Janll e (3o

[13] e Semall S et tie Ay guall Claliad) Aled Qi (e

Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

The Pneumococcal Pilus 4, gid) <)y g<all cpins —2-1
rr s clpedll jass Al cliall, (1dK5) 2006 ple (A dpagiial)l @y sSall mhasd e Pilli el asag Jas gl
o Uysudl Sortase Jl g5 (e Clajl ED 5 cilisig y EML Hais cliall odag, pilus islet] (pI=1) I 4 locus
30 Al g il ol oSald Al gl 351l Jalse (s0m) antl) it ai¥) (sl il Al Cas gl L
Luaw il cytokine ciliSgulall » b 5ias Ll LS . (gl ailee Jigad] Aaall LAY molacs LSl day) dolans o5
WAl mhal o @€l LS slhaill e Aghuse Zasiyll lyKall LS 8 a2 8 g il L [14] cliga)
LA Ayl bpSall lacill b L Ausiyll cysSall Ll cipedll (e AT g5 e cpall &5 Chaall 2L
[15]canll (5o ce il IS e bl e )38 S Gians (15, Sl Sl Asl) ) Sl IS Cangd, jlglal

Streptococcus &5l o gSal) gl Ao Sagagall ilumdll g S ggaall Jaladl) (1) o8, (S

.pneumoniae

PLY ¢yig 0 —3-1
Gt sllly, s Gl e anuhs e A Aughyl) )y oall LSl Bliml SSY) sghuall dale 5o PLY (g0
oAl Alasl el e 55 20 e AST Leatn A Coglll A5sSdl agend) Alle ) a5 Chidaall avall cilelis
CsSall Ayl EVa paen B 3sase 05l LS 53 435 s p s PLY Lol ellas Ll e QoY) G iy
Cun gl by sSall Claaine 48 e sy PLY (55 [16] saill e ampleslll k) dlaje Pla i 5 3355)l)

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative Commons
Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

185


https://extranet.issn.org/resource/issn/1992-0652
https://extranet.issn.org/resource/issn/2312-8135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

Al Aaphl) , [17] Al cysSal mland il ey et caDbsibe ail o Laily mhandl e Jadipe 3250 Y 4
& Pliall Ja)finad SIb 89, bty Agdad) 4. [18] S dlsall cllad e Jiise S50 58 PLY G55l iyl
Chaasise 50 A deay (s lassll AL Glia Glaead (588 PA (e (Lesili 30 ) Lkl Jaay) 50 lse S0
Al o e at )l (KD ol jlas St e Jans gbo Bpas Cilag sae 4 PLY sy . [19] adl 0
Aualaal) Aaal) o Nl g Al sed) iluadl] dibasall LD LAY e plu il dllig WS [20] daadiall siliad)
c@ea) QIS Aasl gy Blal) LY many Lea Lingall RO LAY (e saell ALE f G4 Lpinl) 5130 8

, (PLY") o i ) i) Ba giia) iy oall LS aladialy , dupiaal) clilall 3 PLY 50 Bl s
oy andl) 35n5 220 o (PLY=) e dyginall c¥lall 5,Kual) coplall cpedal (PLYY) Gaall 538 3,68 G giie <y s<a
bl dbal die Laagly . [21] @les Gob oo 5l b Gub oo ilS el LLAY] Biha paen A LSS 55l e
sba Ak o) Jipa) e daes WS ALY 8 il AU e @l ) ol DA o (PLYT) conll 58l LSy
die . Abadl Gluadll dihie Jeag & B-lymphocytes aslll 4.l WMally T-lymphocytes sl ducalll LAY
O 5 Al sel) By &Y aseld) 3 LSl Sael JIa) cpall 38l L) Gans () 3k oo b)) Gisaa
oAl Gad PLY (s o) 1580 alds sy o 0 pe b, [22,23] gl gl 3leal ) L) pe 45k
Slead) e @il 4l 05 AL S 4 PLY i of casansl el ciluall [24,25] 0 pantinal) o685 b
e lal) s il gy, proinflammatory response Llgl) dilee cay Je juad lgie el
Gt il oda o), [26] saall bay) e sac Ll Jalsall (10 2221 23LaY U reactive oxygen intermediates
ol gl lipopolysaccharide receptor 2l 2 Sl e Glalie pe delall e PLY 1 (g5 038 ddalis g
PLY I a5al Lielie cunindy TLR-4 8 JIs ge las Al gyiell 4seald) LAY, Tol-like receptors 4 (TLR4) Ji
sl A gaiall @ Sall LS dlia 0585 ) as deud) o TLRA JIS (g b3 ) ol o3a ol @lls e 500e
C[27]1 PLYasny Ao LG o3 aciad

Olasing 0, SIS, [27] interleukin (IL)=17 5 TLR4 (e S callaws A5 el oKl s (g dleall
AU DAY s A30Y LDAD) (pe Byl Ao sana (g0 (o) OS 4ali) S S5w s IL-17 . PLY ssg e
[28] ale¥) Glis (e 220 am Canadl e g Al s Laga 1153 calis, T helper cells17 (Th17) saebul)
- [29] Ll alge ) 532¢lls neutrophil Aaall paull aall WIS #3305 Ao Jass 43) d8LaYL,
Llandl Glaaly daliadl @llea) 8 e 4l pud add) of a2l e dla) laal b lal sae PLY Caly, jlaidly
- [29.30] i)l Qlgalils pall Syaty Llad) gl 2lasyall ¢ all ) & )50 41 oSy, [30,31]

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative Commons
Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

186


https://extranet.issn.org/resource/issn/1992-0652
https://extranet.issn.org/resource/issn/2312-8135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

Pneumococcal cell-surface proteins 4;4idl <y €all 44 mha clisig —4-1
LPXTG-anchored Surface Proteins LPXTG J3ddall Al ciliigdl  -1-4-1
O ity 8 el 3 o VI, LPXTG 1 Gidta lisigyr 17 Joa 25ms Gsll il sSall pyiall Jusdes Jilas
0 Al s ) 058 Rl Sl (a3 oSy, sl e C il e il LPXTG 2+ [32] ¥l
EDbs e ke oo I C Adedl i [33] s nl Aalal) Bnlad) adlsall A0S 201 535 N Al N il
ks 8 3sagall pentaglycine Loy WS il mlas e g pll cafng LPXTG e o5 (g3l sortase ) ﬁg.ﬂ i
oda Jadiiy sglpall B nS e W LPXTG s, AaSll 4dalhlas & peptidoglycan Gl a0l
hyaluronidase, neuraminidase, and serine protease PrtA.
;b 8 el yslled) pmala oS e deny ([34] Apndl @¥3al) e 799 dusy 5. Hyaluronidase
Cilparinsall (5855 Wyl Ll e dligslligll Gmala abad sela . 33l m)la Galud) saldly, dslaall 2aaYl;
Gl LSy dlay) vie (g5l el 53l e Hyaluronidase Jasy ,elly ) 2Lyl . [35] cawadll LA Jals
chemokines. ; proinflammatory cytokines cLlgilBU 3jiaall Gli€gind) ae sataall CBlelal) Guyh e @l
dale polaing o Ciuadll LAY 8 CD44 L Llsy¥l sk e cytokines (Sl fS) L3 el jelbell (mals o si
Ji e clig)albell (amea z ) e )50 Interleukin—1 B ( IL-I 8) sTumour necrosis factor—a 1) Wl . )l A
[36]. fibroblasts cell a.a.dll LA
duaall Clisg lls glycolipids duaall <LKl 0 N-acetylneuraminic < e Neuraminidase J) Jass
hat e Glaal 313 sy 5, [37] auadl dilps 5 WA <hadl e oligosaccharides dipoproteins
oSer Neuraminidase i dall cluball cijelal + oz yaall (KU Aldiadl) LLE V) adlse (i) 8 o Canaall yilie
I9A2 e liall Glsaslally, lactoferrin ¢y SO Jie, oligall ALl sl (1 sialic acid lluadlull (aals ) o
ClsSall Jpas M 25 Neuraminidase Llidl 4acs sialic acid  clludld)l (sl olaa [38] (gil8Y1 os<alls
ORI Cilia B ge Ju Y L S. pneumoniae LiS el . [39] dangll (31 ) St sl he 13 gaia Fagi))
, nanB iy Ll Ledaaas nanAl jais <YL g=> . hanA, nanB and nanC _» Neuraminidase 63)'5\1
& ON) Gl shiy Charinall (566 G s NaNA Caly . [39] nanC U jass L e 7 50 e i Les
cada uang, Biofilm daglll 00 4 Gge 52 NanA cal LS [40]  chinchilla model Sbuiins = 3.
BT Wl el s aacall Alls Glaal (8 D0 aely V4 [41,42] ellidlld)
Lipoproteins 4uaal) clisig ) —2-4-1
S liall ey 4 chila (Cundell et al.)  aBlays Jais 2as gl ) Kl Glaill 4LE e (gall aey
[43] Alad) LA i) W LSl alaaill dolee (10 Jlis <l jahall 5205 peptide permeases juepull atul e
ool ast Al dalagll e alaeVh Caiay dpglall Gldaall (e aaell (8 l)lis Lipoproteins  duaall cilis yll
PsaA & clus ¢354l iy oLl 135 MR Suaid) 05 (ABC)  Jall) alaill aayl) dnl) saled) JEal) Jae
zlad Ay linyy & PsaB .dlaly ke das Slisisy o PsaA . [44] Gyl K gl 3 Bso canls 3l

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative Commons
Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

187


https://extranet.issn.org/resource/issn/1992-0652
https://extranet.issn.org/resource/issn/2312-8135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

WAl syl Bla ) 05 psaA & Gl phall Ergan [45] AalKie Ailie Clidig p = PsaC . ATP al
 [46,47] (sauSHl sl Apbial 5255, Bsbuall b A5,

Oalesll Al il -3-4-1

phosphorylcholine (ChoP) (s (st ae dnaalis pualsls Jasip ¥ &adaudl <yl sl s CBPs

Gl o Jladl ae alels 3k oo il mhau e CBPs cufy oS8 40Kl Adall jlaa cilisSe aal 585 (s3)
g5 e sagmsall CBPs 1) cilisigy aae adiay L[48] sl )oKl 4ids jlas 3 5a 04l choline (i Slidomains
CBPs 1l wilisg 5 .[34,50] TIGR4 & (ysign 15 5 R6 ADlu A Glisig y syde a5 . [49] il )<l aDLs
SLYB 5 LytA) s sl (glalhlaall Jas cilars) dmsf iy ull o3 Jadi Gum LSS 35l b Laga 1ysd cax
Shils Al las Jad e Al s Glledll Gaal (PIA e sgpall 8 sa LYEA Cuali (2 J<all) (CbpE JLytC
skl (i) Al b Chasid) 056G 8 CbPE 5 LYEC 5 LytB ol .[51,52] aplsulud) oPLY

GAY) Labaud) clicig ) —4-4-1

[53] (2 J<&ll) PspC 5 Psp A Jadn Zsland) clisigyll g wae  S. pneumoniae LK e

0 g5 S isia caSi e N il akidl S5 ¢ el D uSp dlliey sk (s o (PSPA) -
I LS adiall e Tl V) s Ll iy Aalls AlgeS At (PSPA) (5150 gl [541a0)aSl Blal) o (g 55
pagl) Llee piay o)sny 5 Lshll @Sl A s o CF add) Aija cult B JAdh i age Bl ale

Ll 13 P e, lactoferrin: b gL dadije iy Wi @ PspA . adiall lgr a5t (53l OpsONization
ERER VAT ot bl o PSpPA (455 » ()i .[55,65] apolactoferrind ablall dudledl) e Lol N PR Y
AT sland Bans Cajas 5 Callagl) o asall dlliay adans g 3 (PSPC) g s <[ST] LA 85 (ge Sl ) (535
IgA Jas L sale Al oLl Calgglall cBliiue Jasy a8 (o3 . [58] choline-binding protein A (CbpA ) e
e ol (Je C3b Aia (0sS play i aaiall Aaglaa jis 5y50 1aag5 adiall aliiddl Ho g pall dale Jasys 5 saall)
4Lalill opsonization. aagll dle (0 pia ‘éJtJ\,: 5 , alternative complement pathway adiall Bl Ll
[59,60] Glaill wilijal daall Ao 45)28 sa Zdlia) duald PspC alliay . adially

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative Commons
Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

188


https://extranet.issn.org/resource/issn/1992-0652
https://extranet.issn.org/resource/issn/2312-8135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

o ATP-binding
cassette
t Je- ! transporter
i
ytA P S
// °°°
. o °

' Metal-
. binding

" proteins

— Cell wall
—4— Cell membrane
\

__ Sortases _ Zal 2
Cf’(ﬁ&.‘) __EPspAY
= Choline-

binding
proteins

LPXTG-anchored
neuraminindase proteins

Tl il sSal 3ghpcal) Jalge 5(2) <

Rndandl i, ¢l oS ALl iy AdSl lan , Algunl (Lo Augill LKA Ragall 83hpuall Jalse
hyaluronate , LPXTG 1 jii il neuraminidase <y, ( PspC)y (PspA) C 5 A Zug)ll o)<l
autolysin 5 pneumolysin allall clasdyl, (PavA) sghual) dales Lsill clys<al slaill Lalse , lyase (Hyl)
(PiaA) Zusiyl clysSall Jd (e paall (aliaialy i), (PsaA) gabeall a5 Lndandl clisigyll, A (LytA)
. (PiuA)

Complement System aqial) ol -2
gy Giig 3 40 (e S e S @l innate immune system 3l e liall Sleall o)l eiall sa adiall
Blee Lo gy i Lodan Zadaid) clisis ) (o Alis 0 Blie 58 acidl L[61,62] Aaas) 8 SUSS; oyl Slea b
el e Capaty Sl Ajal) e 13kl L [63] e liall Sleadl Adee Jeun Jalls , 2l el Ly Jlatial
lectin pathway (5l L, alternative pathway (aall L) s Jads iyl o LSl ED aaiall sl o
C3 g oy b (e alternative pathway aciall Ll Ll iy . classical pathway LIS« bl
i GES e Jants o g b, AR Al Sl Ajal) alsad) dgag ol e Liad ey o) oSas papeall S aa
chu e sl clnan Sl S 3l mannose binding lectin (MBL) - gilall o)1) oiSlll Jasdss 505k e
Oe by, dlad auall [ sl o adied) jloall anl Wl 4d) 5L @3 (SIS L) WL 3,aSll 28
AN sl aran 535+ il s 196 S IGM e bl el glal) Jatis 3 sabiaal) pleaY) o el PDla

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative Commons
Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

189


https://extranet.issn.org/resource/issn/1992-0652
https://extranet.issn.org/resource/issn/2312-8135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

Ol (e 43l Anaphylatoxins lgile 3llay Al C5a 5 C3a wbladl)) jami clly 2y, C55,C3 gy 0585 )
RS Cigag alaad ) (535 053 1385 AuyiSl) AR elie dlagg aales Shae 05Su 1ualy C5 C3

Clq J) aliy 5 usyi—1-2

(27kDa), ,C1q (29kDa) C1qB & due b cliis y (e Al O5ils LS 460 43)5 iy 3853 Sren Clg
ala) Sies 2a C1q L C1 sies Cls5CIr ae Clg d<y I elidl Sleall (5o e 585,C1qC (23kDa)
eic i Clq Ajal 2ds Syt Gaaddelall xie [64] Cl Ahja danisn ) (535 o)s% 1oy azivall fzaliadl)
03585 (M g5 Aledll (85« €25 C4 Ahja Laniisiy Hhali o585 Cls Aja o C1S 5 CIr 585 (s (ja dapls
C Ll ade 3l (55 < eha 0 C1Q e A IS 585, [65,66] 2 23210 Ailis 18 e il C1q . C5,C3
Gub os 4w 196G 5 IgM ey claiudl e capall o) N Ll aple gllay IS8 (D6 Sgdla a0 S
Akl goalaall e 230 e CLQ (gimg ¢ @lld ) ALYl - aaiall (SIS lall Loy 138 09015 C 25 S0 Al
o ilug il o LSl sl 5y80e s o) C1Q Rjal Load (Sary 3013 de Ll Glail) (8 sl Ciilla gl
1671 salias alual agag a3 (ga a2l
GAY) Lglal) iy pully cMlfially 4o lial) ciafrall ae C1q Jolii —1-1-2

oo ple A A self-ligands 4313 Aaw)ll e Cayail) Jagd (ol Chagll livia e SESH Sua aolain Clg
i il SDlelill (e Alubu sy daaglan (ahel 0035 3LE) HEY @lldy s e ae Sae JSE s sSa
A (dan)l) cliall oda Ao Cayll non-self-ligands 4y jusll Aan)ll s aokivs C1q GlIXK 4 lladl) dulanuy)
Al plaa¥l paall Gay - 198 duelial) clidguslal) Gk oo 5 C1G &l 58I iyl aa il Jelill 30k oo
o AL 2yl daatie Adaesdlly, LIS mhaw e 3agagall cilis yll, fibromodulin o g, dae lall culaiaal)
Ofy5,C1Q Glalis pe Lo Clg AN g ) Algdll g Sl Al pe Jeliil) 33k e ellyy C1q Aja Laniss
12,25 .[68] DNA (555l (alall, serum amyloid protein Ll (5,15, (C-reactive protein) ¢ — e lall
dac liad) Claiaall dacalell Sl daallal) didee sy 4dl a0l Ao Bliall 8 ey b (KD el L)
169] Ang ) Al bl 5BL asitis o o el 0o (A 3S alial ) lagad aia Cus
Lug pSaal) ciliigpull aa sl C1q Jelis —2-1-2

il paead aciall Janiins C1q J oSay el aay Aue lial) el o (A dajally ool U8 Clg Gy
e Bagmsall Bl livial) e saliadd) sluaSU Jiadlly i) delill DA (e 30,50l e 5yila L)
Basill @Sl B A gans 3 C1Q po sbadd) avall Jtisdlly yball LLa V1 138 e i) 5 385 .[70, 71] lad)
& Lee B3 aly Clq of malsl) o - [23, 72] endopeptidase O (PepO) (g n o goad Al dalsy
ash Caa Baiae Locliy LT cuysh 38 alieY) Glisse (e 2aall G Aldiag s 1as ,ciliajadd) s dae Ll lanu!
bhi 0She C1q (b JIa e gsiley ol A1 0l ,elly ) 28layL .[73,74] C1 Znjad dpbiasl) 2ladl) Loy
5L st & Al dassdyl) 285l Jalgall 0l C1Q i day gl LS fie aadaall e dyslal) d0,aKll dlaYl

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative Commons
Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

190


https://extranet.issn.org/resource/issn/1992-0652
https://extranet.issn.org/resource/issn/2312-8135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

laeall A5l LUl A5 bl ) Wbl Gl amyg s Ljleadl Aueleall 2530 (o 2500 Ao liad) (alyely ALaY) Sl
[75,76] delid)

clalingy)
v 213 Chanioad) GsSH Baae il aadind Al sasiall e Gl sl o 3l @) <l
atinly o Adaadll LA mhas CDlEse pe BLailN) CBleli Gub e Oleriuall (55S5 dlee (il By - Caual)
G cling o3 aaf say,aciall LIS Slall ead IV Al 8 C1G. Jsdall e jeaS Cauadl cilisg
Ua 4 s (PepO) oo 0 Jie S. preumoniae 3,50 <lysSdl LiSh (8 dsasall adand) (4515 ll g 3yilae Jelim
Jalsall pans o) - Canaall e gl 8 laeal saclual) Aada il (o515, Fusi )l ) oKall alal) 5aliae alual agag pxe
) cOle il Adgall AN mun g ) ALaYL LKl auls S (e 4al Leg Cibpertinad) (06<5 dalee o 35a3 )
gl Sl i pe SIS aga Sl sl Sl aa
Conflict of Interests.

There are non-conflicts of interest .

References

1-  Bergmann S, Hammerschmidt S. Versatility of pneumococcal surface proteins. Microbiology.
2006;152(Pt 2):295-303

2-  Voss S, Gamez G, Hammerschmidt S. Impact of pneumococcal microbial surface components
recognizing adhesive matrix molecules on colonization. Mol Oral Microbiol. 2012;27

3-  Agarwal V, Kuchipudi A, Fulde M, Riesbeck K, Bergmann S, Blom AM. Streptococcus
pneumoniae endopeptidase O (PepO) is a multifunctional plasminogen- and fibronectin-
binding protein, facilitating evasion of innate immunity and invasion of host cells. J Biol Chem.
2013;288(10):6849-63.

4-  Agarwal V, Sroka M, Fulde M, Bergmann S, Riesbeck K, Blom AM. Binding of Streptococcus
pneumoniae endopeptidase O (PepO) to complement component Clgq modulates the
complement attack and promotes host cell adherence. J Biol Chem. 2014;289(22):15833-44.

5-  Sorensen, U. B. S., Blom, J., Birch-Andersen, A. & Henrichsen, J. Ultrastructural localization
of capsules, cell wall polysaccharide, cell wall proteins, and F antigen in pneumococci. Infect.
Immun. 56, 1890-1896 (1988).

6- MacLeod, C. M. & Krauss, M. R. Relation of virulence of pneumococcal strains for mice to the
quantity of capsular polysaccharide formed in vitro. J. Exp. Med. 92, 1-9 (1950)

7-  Austrian, R. Some observations on the pneumococcus and on the current status of
pneumococcal disease and its prevention. Rev. Infect. Dis. 3, S1-S17 (1981).

8- Jonsson S, Musher DM, Chapman A, Goree A, Lawrence EC. Phagocytosis and killing of
common bacterial pathogens of the lung by human alveolar macrophages. J Infect Dis 1985;
152: 4-13.

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative Commons
Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

191


https://extranet.issn.org/resource/issn/1992-0652
https://extranet.issn.org/resource/issn/2312-8135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

9-  Musher DM. Infections caused by Streptococcus pneumoniae: clinical spectrum, pathogenesis,
immunity, and treatment. Clin Infect Dis 1992; 14: 801-8009.

10- Abeyta, M., Hardy, G. G. & Yother, Y. Genetic alteration of capsule type but not PspA type
affects accessibility of surface-bound complement and surface antigens of Streptococcus
pneumoniae. Infect. Immun. 71, 218-225 (2003).

11- Wartha, F. et al. Capsule and d-alanylated lipoteichoic acids protect Streptococcus pneumoniae
against neutrophil extracellular traps. Cell. Microbiol. 9, 1162-1171 (2007).

12-  Nelson AL, Roche AM, Gould JM, Chim K, Ratner AJ, Weiser JN. Capsule enhances
pneumococcal colonization by limiting mucusmediated clearance. Infect Immun 2007; 75: 83—
90.

13- Van der Poll T, Opal SM. Pathogenesis, treatment, and prevention of pneumococcal
pneumonia. Lancet 2009; 374: 1543-1556.

14- Trappetti C, Kadioglu A, Carter M et al. Sialic acid: a preventable signal for pneumococcal
biofilm formation, colonization, and invasion of the host. J Infect Dis 2009; 199: 1497-1505.

15- Parker D, Soong G, Planet P, Brower J, Ratner AJ, Prince A. The NanA neuraminidase of
Streptococcus pneumoniae is involved in biofilm formation. Infect Immun 2009; 77: 3722—
3730

16- Benton K, Paton J, Briles D. Differences in virulence for mice among Streptococcus
pneumoniae strains of capsular types 2, 3, 4, 5, and 6 are not attributable to differences in
pneumolysin production. Infect Immun 1997; 65: 1237-1244

17- Berry AM, Lock RA, Hansman D, Paton JC. Contribution of autolysin to virulence of
Streptococcus pneumoniae. Infect Immun 1989; 57: 2324-2330

18- Balachandran P, Hollingshead SK, Paton JC, Briles DE. The autolytic enzyme LytA of
Streptococcus pneumoniae is not responsible for releasing pneumolysin. J Bacteriol 2001; 183:
3108-3116

19- Morgan PJ, Hyman SC, Rowe AJ, Mitchell TJ, Andrew PW, Saibil HR. Subunit organisation
and symmetry of pore-forming oligomeric pneumolysin. FEBS Lett 1995; 371: 77-80.

20-  Mitchell TJ, Andrew PW, Saunders FK, Smith AN, Boulnois GJ. Complement activation and
antibody binding by pneumolysin via a region of the toxin homologous to a human acute-phase
protein. Mol Microbiol 1991; 5: 18831888

21- Berry AM, Yother J, Briles DE, Hansman D, Paton JC. Reduced virulence of a defined
pneumolysin-negative mutant of Streptococcus pneumoniae. Infect Immun 1989; 57: 2037—
2042.

22- Canvin JR, Marvin AP, Sivakumaran M et al. The role of pneumolysin and autolysin in the
pathology of pneumonia and septicemia in mice infected with a type-2 pneumococcus. J Infect
Dis 1995; 172: 119-123.

23- Kadioglu A, Gingles NA, Grattan K, Kerr A, Mitchell TJ, Andrew PW. Host cellular immune
response to pneumococcal lung infection in mice. Infect Immun 2000; 68: 492-501.

24- Kadioglu A, Taylor S, lannelli F, Pozzi G, Mitchell TJ, Andrew PW. Upper and lower
respiratory tract infection by Streptococcus pneumoniae is affected by pneumolysin deficiency
and differences in capsule type. Infect Immun 2002; 70: 2886-2890.

25- Rubins JB, Paddock AH, Charboneau D, Berry AM, Paton JC, Janoff EN. Pneumolysin in
pneumococcal adherence and colonization. Microb Pathog 1998; 25: 337-342.

26-  Marriott HM, Mitchell TJ, Dockrell DH. Pneumolysin: a doubleedged sword during the host—
pathogen interaction. Curr Mol Med 2008; 8: 497-5009.

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative Commons
Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

192


https://extranet.issn.org/resource/issn/1992-0652
https://extranet.issn.org/resource/issn/2312-8135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

Malley R, Henneke P, Morse SC et al. Recognition of pneumolysin by Toll-like receptor 4
confers resistance to pneumococcal infection. Proc Natl Acad Sci USA 2003; 100: 1966-1971.

28- Aujla SJ, Dubin PJ, Kolls JK. Interleukin-17 in pulmonary host defense. Exp Lung Res 2007;
33: 507-518. 20.

29- Kolls JK, Linden A. Interleukin-17 family members and inflammation. Immunity 2004; 21.:
467-476.

30- Friedl and IR, Paris MM, Hickey S et al. The limited role of pneumolysin in the pathogenesis
of pneumococcal meningitis. J Infect Dis 1995; 172: 805-809

31-  Winter AJ, Comis SD, Osborne MP et al. A role for pneumolysin but not neuraminidase in the
hearing loss and cochlear damage induced by experimental pneumococcal meningitis in guinea
pigs. Infect Immun 1997; 65: 4411-4418

32- Tettelin H, Nelson KE, Paulsen IT et al. Complete genome sequence of a virulent isolate of
Streptococcus pneumoniae. Science 2001; 293: 498-506

33- Bender MH, Weiser JN. The atypical amino-terminal LPNTG-containing domain of the
pneumococcal human IgAl-specific protease is required for proper enzyme localization and
function. Mol Microbiol 2006; 61: 526-543

34- Humphrey JH. Hyaluronidase production by pneumococci. J Pathol Bacteriol 1948; 55: 273—
275.

35- Fitzgerald TJ, Repesh LA. The hyaluronidase associated with Treponema pallidum facilitates
treponemal dissemination. Infect Immun 1987; 55: 1023-1028

36- Irwin CR, Schor SL, Ferguson MW. Effects of cytokines on gingival fibroblasts in vitro are
modulated by the extracellular matrix. J Periodontal Res 1994; 29: 309-317.

37- Camara M, Boulnois GJ, Andrew PW, Mitchell TJ. A neuraminidase from Streptococcus
pneumoniae has the features of a surface protein. Infect Immun 1994; 62: 3688-3695.

38- . King, S. J. et al. Phase variable desialylation of host proteins that bind to Streptococcus
pneumoniae in vivo and protect the airway. Mol. Microbiol 2004; 54, 159-171.

39- Linder TE, Daniels RL, Lim DJ, DeMaria TF. Effect of intranasal inoculation of Streptococcus
pneumoniae on the structure of the surface carbohydrates of the chinchilla eustachian tube and
middle ear mucosa. Microb Pathog 1994; 16: 435-441.

40- Tong HH, Blue LE, James MA, DeMaria TF. Evaluation of the virulence of a Streptococcus

pneumoniae neuraminidase-deficient mutant in nasopharyngeal colonization and development
of otitis media in the chinchilla model. Infect Immun 2000; 68: 921-924.

41-  Trappetti C, Kadioglu A, Carter M et al. Sialic acid: a preventable signal for pneumococcal
biofilm formation, colonization, and invasion of the host. J Infect Dis 2009; 199: 1497-1505.

42-  Parker D, Soong G, Planet P, Brower J, Ratner AJ, Prince A. The NanA neuraminidase of
Streptococcus pneumoniae is involved in biofilm formation. Infect Immun 2009; 77: 3722—
3730.

43- Cundell DR, Pearce BJ, Sandros J, Naughton AM, Masure HR. Peptide permeases from
Streptococcus pneumoniae affect adherence to eukaryotic cells. Infect Immun 1995; 63: 2493—
2498.

44-  Talkington DF, Brown BG, Tharpe JA, Koenig A, Russell H. Protection of mice against fatal
pneumococcal challenge by immunization with pneumococcal surface adhesin A (PsaA).
Microb Pathog 1996; 21: 17-22.

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative Commons
Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

193


https://extranet.issn.org/resource/issn/1992-0652
https://extranet.issn.org/resource/issn/2312-8135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

45-  Dintilhac A, Alloing G, Granadel C, Claverys JP. Competence and virulence of Streptococcus
pneumoniae: Adc and PsaA mutants exhibit a requirement for Zn and Mn resulting from
inactivation of putative ABC metal permeases. Mol Microbiol 1997; 25: 727-739.

46- Ogunniyi AD, Folland RL, Briles DE, Hollingshead SK, Paton JC. Immunization of mice with
combinations of pneumococcal virulence proteins elicits enhanced protection against challenge
with Streptococcus pneumoniae. Infect Immun 2000; 68: 3028-3033

47- Marra A, Lawson S, Asundi JS, Brigham D, Hromockyj AE. In vivo characterization of the psa
genes from Streptococcus pneumoniae in multiple models of infection. Microbiology 2002;
148: 1483-1491.

48- Cundell, D.R., Gerard, N. P., Gerard, C., IdanpaanHeikkila, I. & Tuomanen, E. I. Streptococcus
pneumoniae anchor to activated human cells by the receptor for platelet-activating factor.
Nature 1995; 377, 435-438

49-  Jedrzejas, M. J. Pneumococcal virulence factors: structure and function. Microbiol. Mol. Biol.
Rev. 2001; 65, 187-207.

50- Botto M, Walport MJ. C1q, autoimmunity and apoptosis. Immunobiology. 2002;205(4-5):395—

406
51- Tuomanen E. Molecular and cellular biology of pneumococcal infection. Curr Opin Microbiol
1999; 2: 35-39.

52- 53- Berry AM, Paton JC. Additive attenuation of virulence of Streptococcus pneumoniae by
mutation of the genes encoding pneumolysin and other putative pneumococcal virulence
proteins. Infect Immun 2000; 68: 133-140

53- Bergmann, S. & Hammerschmidt, S. Versatility of pneumococcal surface proteins.
Microbiology 2006; 152, 295-303.

54- Jedrzejas, M. J.,, Lamani, E. & Becker, R. S. Characterization of selected strains of
pneumococcal surface protein A. J. Biol. Chem. 2001; 276, 33121-33128.

55- . Shaper, M., Hollingshead, S. K., Benjamin, W. H. & Briles, D. E. PspA protects Streptococcus
pneumoniae from killing by apolactoferrin, and antibody to PspA enhances killing of
pneumococci by apolactoferrin. Infect. Immun. 2004; 72, 73, 5031-5040.

56- Briles, D. E. & Mirza, S. PspA inhibits the antibacterial effect of lactoferrin on Streptococcus
pneumoniae. Biochem. Cell Biol. 2006;.84, 401.

57- Mcdaniel LS, Yother J, Vijayakumar M, Mcgarry L, Guild WR, Briles DE. Use of insertional
inactivation to facilitate studies of biological properties of pneumococcal surface protein-A
(PspA). J Exp Med 1987; 165: 381-394.

58-  Rosenow, C. et al. Contribution of novel cholinebinding proteins to adherence, colonisation
and immunogenicity of Streptococcus pneumoniae. Mol. Microbiol. 1997; 25, 819-829 .

59- Quin, L. R. et al. In vivo binding of complement regulator factor H by Streptococcus
pneumoniae. J. Infect. Dis. 2005; 192, 1996-2003.

60- - Dave S, Brooks-Walter A, Pangburn MK, McDaniel LS. PspC, a pneumococcal surface
protein, binds human factor H. Infect Immun 2001; 69: 3435-343753- Brown EJ. Complement
receptors and phagocytosis. Curr Opin Immunol. 1991;3(1):76-82.

61- Brown EJ. Complement receptors and phagocytosis. Curr Opin Immunol. 1991;3(1):76-82.

62- Botto M, Walport MJ. C1q, autoimmunity and apoptosis. Immunobiology. 2002;205(4-5):395—
406.

63- Ricklin D, Hajishengallis G, Yang K, Lambris JD. Complement: a key system for immune
surveillance and homeostasis. Nat Immunol. 2010;11(9):785-971.

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative Commons
Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

194


https://extranet.issn.org/resource/issn/1992-0652
https://extranet.issn.org/resource/issn/2312-8135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

Journal of University of Babylon for Pure and Applied Sciences, Vol. (28), No. (3): 2020
Online ISSN: 2312-8135, Print ISSN: 1992-0652

64- Naff GB, Pensky J, Lepow IH. The macromolecular nature of the first component of human
complement. J Exp Med. 1964119:593-613.

65- Arlaud GJ, Gaboriaud C, Thielens NM, BudayovaSpano M, Rossi V, Fontecilla-Camps JC.
Structural biology of the C1 complex of complement unveils the mechanisms of its activation
and proteolytic activity. Mol Immunol. 2002;39(7-8):383-940.

66- Ghiran I, Tyagi SR, Klickstein LB, NicholsonWeller A. Expression and function of Clq
receptors and C1q binding proteins at the cell surface. Immunobiology. 2002;205 (4-5):407—
20

67- Nayak A, Pednekar L, Reid KB, Kishore U. Complement and non-complement activating
functions of C1q: a prototypical innate immune molecule. Innate Immun. 2012;18(2):350-63

68- Gewurz H, Ying SC, Jiang H, Lint TF. Nonimmune activation of the classical complement
pathway. Behring Inst Mitt. . 1993;(93):138-47.

69- Ghebrehiwet B, Peerschke El. cC1g-R (calreticulin) and gC1qg-R/p33: ubiquitously expressed
multiligand binding cellular proteins involved in inflammation and infection. Mol Immunol.
2004;41(2-3):173-83.

70- Butko P, Nicholson-Weller A, Wessels MR. Role of complement component C1q in the
IgGindependent opsonophagocytosis of group B streptococcus. J Immunol. 1999;163(5):2761—
8.

71- Eads ME, Levy NJ, Kasper DL, Baker CJ, Nicholson-Weller A. Antibody-independent
activation of C1 by type la group B streptococci. J Infect Dis. 1982;146(5):665—72

72- Zysk G, Bongaerts RJ, Ten Thoren E, Bethe G, Hakenbeck R, Heinz HP. Detection of 23
immunogenic pneumococcal proteins using convalescent-phase serum. Infect Immun 2000; 68:
3740-3743.

73-  Agarwal V, Ahl J, Riesbeck K, Blom AM. An alternative role of C1q in bacterial infections:
facilitating Streptococcus pneumoniae adherence and invasion of host cells. J Immunol.
2013;191(8):4235-45

74-  van den Berg RH, Faber-Krol MC, van de Klundert JA, van Es LA, Daha MR. Inhibition of the
hemolytic activity of the first component of complement C1 by an Escherichia coli C1q binding
protein. J Immunol. 1996;156(11):4466-73.

75- Manderson AP, Botto M, Walport MJ. The role of complement in the development of systemic
lupus erythematosus. Annu Rev Immunol. 2004;22:431-56.

76- Topaloglu R, Bakkaloglu A, Slingsby JH, Aydintug O, Besbas N, Saatci U, Walport MJ. Survey

of Turkish systemic lupus erythematosus patients for a particular mutation of C1Q deficiency.
Clin Exp Rheumatol. 2000;18(1):75-7.

© Journal of University of Babylon for Pure and Applied Sciences (JUBPAS) by University of Babylon is licensed under a Creative Commons
Attribution 4. 0 International License, 2020.
https://www.journalofbabylon.com/index.php/JUBPAS, info@journalofbabylon.com, jub@itnet.uobabylon.edu.iq
+9647823331373 (Viber and Telegram)

195


https://extranet.issn.org/resource/issn/1992-0652
https://extranet.issn.org/resource/issn/2312-8135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.journalofbabylon.com/index.php/JUBPAS
mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq

