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Abstract

Acanthamoeba is a free-living amoeba that is an opportunistic pathogen of humans and animals.
Its prognosis is potentially poor that requires fast diagnosis and successful treatment. There are two
phases in its life cycle: an active trophozoite form and the double-walled resistant cyst. This amoebic
genus is the causative agent of two severe diseases in humans: Acanthamoeba keratitis (AK) and fatal
granulomatous amoebic encephalitis (GAE). Acanthamoeba cysts almost remain viable after treatments
and lead to serious and frequent recurrence of infection. Resistance of the double walled cysts is mainly
due to cellulose molecules presented in the inner layer of the cysts. Thus, cellulose degradation or
inhibiting the cellulose synthesis offers a potential strategy for effective treatment of Acanthamoeba. In
this non-systematic review we aimed at providing an overview of the cellulose structure, its role in
skeletal structure and also physicochemical activity of the protozoa and present it as new drug target for
the treatment of amoebic infection. Overall, the degradation of the cyst wall will make amoeba
susceptible to chemotherapeutic drugs, and at least inhibition of Acanthamoeba excystment, consequently
it prevents the recurrence of infection. Furthermore, cellulose synthesis inhibitors cause current drugs to
affect on Acanthamoeba in lower time and concentrations. Therefore, using compounds or drugs that
inhibit the synthesis of cellulose can be a new treatment for amoebic infections.

Keywords: Acanthamoeba, cyst wall, cellulose, drug target

J Mazandaran Univ Med Sci 2016; 26 (141): 182-191 (Persian).

182


http://jmums.mazums.ac.ir/article-1-8603-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

oyl (— S B}y oL colS Hilsa_L as
(IAP-191) 1990 Juw yeo 1161 s)ladd @ g Cauy 0)9s

L2g)la wam S :LelilST S ajlgua ja agags fglw
L2 LoliilST Cuigae (jloja gl p

'aS1595 | psoww
PIELITIPR
d3uS>

s D i 0T 558 5 5 Cmal Sl g 5 0Lt (51 Aol 3 103 5 3l 5 65305 oo LalslST
5 JWb Cigsshs g8 iasls 3y OT (Sjas o 53 56 53 3,03 ool o go Ole)s B o 4 Sl s Sl
Sl gl 8 el ST 5 SLalST sl 8 il Oldl 53 (G slaw 33 ole T i o] p3lin o)l 53 ST
Conglin g s o Cosie 5,0 5 Gl sLasse 4 pamte 5 Aile o o) Oloys i Aol LalsST slacanS
b sk 305 gl iS00 53 53 ol gl sladST5e s & Lol ol 33 oS’
(e ol b (g e anllan ool 5355 e Slgidey LaBISTT 530 Oleys 53 053l (51l & ko i g
sl S5 ol gl S50 Sl i on 5 (Al Sl 3 15 0T 28 sk Skl 655 ,0 b sl
T sl o5l 33 55§ samme 53 pmled (B jme S LaBIST (Glacssie Oloys Cogrr (05,13 e <5, Ol e
3ol pls s e LalST (encystment) Ouis 4z SST Bl Jil 5 Lol dal st plad slagsls 4 b
2 LT e ol lagyls a8 Lpd oo i ks (slaotisS lga el iy osdle e oo (6,8 o i pie 300
Ll ol g ko i le &7 glagyls b OS5 5l eslinal ol oy dyled 31 seme s 5 50l Ol 5 Bl

23013 S L g (S 0yl 3 LalsST 23S sl 019

4o ddo

4 a8 (kg 258 o LS & b pj 5 oo Wl
p3lin p b ConnS (V)3 55 gr i€ O ST OT
Wl Jh e L 5 558 n e a5y ST
Jols oS Cal et sl g3 0yl lols S
CaS bl 5 (g (2ol Y GlwY) oS )
Cogldn 530yl 0ms ol il oo (b JIs 4N ()8)
ohes 1) sage SEB Aolal Ll 3 ) 5 50wl oS5

E-mail: Mahdi53@yahoo.com

ssb i aS ol b s b asl oSS LalsST

S5 A s bl e ST Lo o &3
3135 pm g CnS 5 CSs g5 JSi 55 LalilSTT
SLa ol So3 5 JSL 31 i placs ST 1T
@M 5 e delal Loyl 2 S o 45 e p S
b3 el b Vb 4, ol ¢ o ME 3150 5 500S” abar S

o e Lagls 5 Jsle sl oS5 el s YL PH

S el cr.‘é.c\ g daslii}b o LT Aol WV o skS (ol — RS (3o i giamo igo

Ol e 03l (Ss gk o8l (S 0tSKais o gmetils Dot a8 ¢l 236 5 oalis K 2 (65575 5 gl )
Ol sl csubi3le (St o sle o8l ¢ STy outSCits ¢ J5SUgm 5 (Jobo (655 Dliiond 5o ¢ it S0 05,8 5Ll Y

\YWAO/8/YY 1 s gl '@)L?

WA/ Dol g plr WAB/F/YA 1 28l 53 oy sb

AW 1190 yg0 < 1161 o)lash (lind g Cayy 3)gs

ohsjle Ak} eole oGRSl alas


http://jmums.mazums.ac.ir/article-1-8603-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

LalBIST CumaS )lgs ) 30806 Yol

lalbST s DS 5 8l O ys 0 ol ol )l
S il 53 il s ails gl ol s Coenl L
NS 5 S g e )3 Zisie 5 (golen IS
o9 bayls dad Gl andlas 13,8 &) s
Gl iz on ) (Al el 55 sl 15
213 e S8 s eSSl oS5 5

Al yaa ly oLellST Glacs sie oloys g

b9 9 3lge
.w\wlﬁ;ﬁbéﬂﬂt};;lﬁ;uuu@
=B LoDl sLaolSOL 3l esliul 3550 YL
Scientific Information Database (SID) ,-s 23
JranMedex SienceDirect Pubmed «Google Scholar
6T slacwT s slolS s Irandoc (Magiran

RER ) LgJ)szf

L
sye LT Glacisie aim o 5ol OIS
Jos sl S U5 5 Oleys CSls s 4 0T
5055 lad sl S ol G p5lie p b 4
I PO pe Lol aS s 19 5o Glas
oo 1 8 5 o claoiS S st ¢ GV b ke
L 5 doms 53 LAl sl 4 a5 pl cpl ol 5 e
Mol o ¢SS Ll OBl e 4 055 ol Jlas!
030l S slao s pdo Oollasil Cale
o)l 53 Syl s S 5IUT .ol 58 L ) g
(Acanthamoeba castellanii) M wlS” Lok T CuS”
g s IS S S Slesli Ly
Iy e gl (Ao, YY) 4-linked-glucopyranose
5lge 01, 5 Dudley e ANl 035 4
e 55545056326 5 i 3 1 LalslST 0 42 SST
(ol ogdhe s e edalive (ko it oS Hlge)
LalslST ) sk a2 5 s gl 5T 5529
O S PERS R P TS g Lo g

ST Jalis e Solon 33 J g Lol 58T .(Y)s 415
T ol T 51 S 5 el bl §
ois ey 3 o m 36 sk o LalsST 55l 8
sy S pay g Ul a3 655 o Dol s
Sl o b 3 e 6 a8 1 S
Y gome (§5lony cpl okl gl oS W kgd L5 o oS
NS p5 s Bl oo bl dr b ta L b
3 4o S 5 A e i (el OT Slaeiie
faml (M358 oo 2lol a4 2eie 03 955 Olays 5 adeis
I 55 S5 el b (ola ol 457 L oo ) 3o
3530 Ol S 53 lalBST sl S a1
I e i e pl sl 8 5 1S s 5
Gladlas bl ool wles sla j3 O w0 lizul
VY Gy 0LKen 5 0Ll g Jl Ve b oS
Loy YFIO 53 el plonil catir Sl S 4 St 5 3
O)LE Ol e Golew ! Jole LesST S5 el 50
ST o S LT e Ol
OLays Lol ot m o adedd s 2 sie opl 05
9 S DS 5w Sl Sigie ol ks
o slrediS g slis y Jse falge Jold (guame
SlislojT s ¢S gl glaoS S )l L RNA s DNA
S LS 5 S ] Sdle ((iN Vitr0) 5 O
a5 elad DS 5 1 S bl 815 e 050
S sS85 S5y p 5y se glanillas 5o
LelsST clad s bad s sl (o Son 31 (SO s S
oS 55T kb LS 5 (s e 4 A5 o
cuaw)\JJJu:)}J!)L;)P}fj}u_uﬁ
5 J53058e (g8 58 Jols a5 L talejT
BT as Ol 51 L e sy Ja3 sS4
aS ool s b sl gl ade Jo5T olS 5
Bl 4l LS LS L S S Lol
A OLI 58 5 L, Sy » Soles el
o s g 055U el plonil Slalllae b

0355 e LalilST sla Iyl pld 55 2 265

1090 a8 « 1161 p)lasd @il § Cumyy 2)9s

ohdjle (i) ol slEibily alas \AKE


http://jmums.mazums.ac.ir/article-1-8603-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

||5.n|b g n§i|:5:l |Hn|u

oLl L gl S5 K i 4 e 5 Sle S 5
= (55 Dlis 63 (pan ) 7,18 -UDP |
Sliwd (63-0— 53T a8 Coul ;S5 0LLE 558
S I8 Slis 630 o des (ADP-glucose) S )8
S Sl s 630 e TDP-glucose)
S I8 Slius 30— 55T, 5 (CDP-glucose)
« UDP-glucose . Sl 4, 536 (GDP-glucose)
ol e 055 e e 355 58 JE auins Ol g
L > UDP-glucose s 5 i3 55 45 il
o)l 3> Fim g 53 ool (sLa, ST I O ST
B(F V) S Sl 0L  asly n sk
S0 ¥ 550> (19)d0 b e U1 LS8
PSSy 5 Lsh o Joama o e
598 sl 1y (s 55 ) () slo b ol
raly s Sn oU 6,588 5 Ay e
g shyls Lo o s Sea 53 bae 5 (V) 5 oo
L oo Giasde Gladisy AL e S5y
S 6 8 JSb o e s sute (5l 5
&3l Fob ol pesds s 8 o b5 S
Ay yomie 45 Coal Skl )y gadae sla ki
=T e 53 ¥ o sl O a5 Tyu0s
o)l 3l (b e (A pb e (a0 5
5 pudin 5S5s g STL (Sl OLS s Jgha

el LS CanS” oo (65505 (sl

Long polysaccharide of B (1

o plonil Slalllas b (M0 )il el
O e 0 4aeSST Cola F 51 55 457 ol odaline
a5 e 4SSl 81 D5 5a 05558
F A ol 53,8 ool y3 0,53 055K
Trevisan Lw g 45 glaslllas )5 545 o Johw o fos
5 SNwlS LallST )2 8399/8400 ol ; ¢l plonil
> 5« (Acanthamoeba castellanii) L5 b LlST
RT-PCR s, 4 Dy pid 055 SIE 2585 b
LallST glacons oSomn oale 5, ol 510D 5
15 e ok by el o onls Lo g 4
3B il e e ols S8 6 Ol 4
i s ) T oS ol g5 oy S S
ol dal g 3 g g slard (slagls
Asbe

ST el o S ey 0 S ON81 2 S
23l 3 s Ll S 035551 S5 S 5
o tp ki 505 G S Lo g g 5 G
Je 2K 0Ll 5 (gL ys DUl b STL
5 S5 R s A5 0 5
Al .l OT s S bl g Sl
IS e o 5 Bl o S 16 ey LalsST
S0 jles  samd) ()l P14 OT ok 4o
o s S o3 0558 Sl e 4 o
Lol o A ATP Lo clii 1 56

+4) glucose units
l Endo-fi (1 .4) glucanase

« TSom R N, L N o

e —vt"

l Exoglucanase / Cellobiohydrolase

Celioblose

l p-glucosidase

Glucose

(10) (LelslS T o™ 15 051333 (5131 e oS 3) sk (ol dls 587 (63 1 1) 05l g

1AO

1W90 g0 « 1161 o)ladd (@il g Cumyy 2)9s

ohsjle Ak} eole oGRSl alas


http://jmums.mazums.ac.ir/article-1-8603-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

L;A&GT G5 2)1g9s )s 30806 Yolw

NLC by o soito o K 53 CBD Jlas!
Wﬁjjjjwjﬁﬁ)\&fﬁ°wt}“‘;ﬁw&“bj
Sola s 5 38T 6l OT (9L 4d oo Jozze WCD &
ubwwuﬁ&}f,f\a}uuuﬁﬂ
L oo 3T sl b oS5l 5T A1y 51 CBD
)Y})J:A}:J}Lﬂd‘jCBDui‘jajWMédawK
Sl bl 2B
CD

(V=1 A Y- Cadiden o3l gl VY s YL
GVl A osl gl oSS ki 5109k 58 0 3L
e ol 1) OBLE 5 Sl clagg STL oz,
Ly o Lite (glaj¥s s Lais oV oslgls folis 5
Lﬁ.é/\nlj.}\_é-s\_{g))_.p):.nj_fwdﬁl_&

(V\)J);@w}ﬁ bLAL;f"{L LgLA)Yj)J.:A

Hsbe g 5o (lapnilSe

o Sy il Sl [l 0,5
NSV P2 lem ok

Y W OV K W g 9 N S
(99)3 55 oo 03lizal (g3l 5n o 6uM\le,J§¢

o= processive sla ;¥ v Osd 5 Yo
e e S B g5
S oSad s v.“..“slf)\) Cytophagahutchinsonii

$l4eSs ¢ SL) Fibrobactersuccinogenes 5 (g5l 4
LS oy 25 (Sl

BERG A PPNEIA Sl T dhews & 35 sh
()l ol odaline (glatd L;La@ls

Sl o 5o LI 1 e 00 335V s
b Yk (e o 2 (M)l 0ds sdaline (651 5o
(Trichoderma reesei) 2, o240 7 2o (gl
EG2 EG1) L5 45 50 T Jols 45 )
(CBH2 (CBH1) ;L &5 51 55 (EG5 EG4 EG3
()45 s (BGL2 BGLL) jlu; S 8 45

Y5l

g SV Slae 5T L g Jole o p
2 e Bld s yaa Je Vs s S
T Hootes sk Sl & a5 L 0Ol 5708
L ok ol pls ol (Sen s T S by
oz 1 (g2 Jolis) dlsb sl 5T 51 o150
L Sl ST ) 5L I8 5 871 LIS 85
PATPRENITY NEG g R WY G PEN W Wy w
PR S PR g PN [ I TR IR S PN
Caliin I3 b Ly (slaty 58 L S sl oo
(ol mesde (NaF)s, S e (s slao )
oty S L S s Uy 5 sk (535 2 3BS85 50
Sl 03 Samn 5 Loy S s skl S 0 )
(L b n 25 S 508 5100558 58 Lo
(Y oyleds p guai)

&S sl bVl 5 i sl i es
o35 ¢S5 5 (CBD) v Lol Ak e ss
! (CD) bl

| PeDeGlucone I

[8 (4 atucona |

Celluiose Is a repeating polymer of glucose

)L:Lf_,l?j;‘)))l_w L§JJJ_{‘5UL§)KJJ._S\ ¥ o)l g o—ai
Loy jsmsln ST e S5 55 (G 5 oum 5o sl)
(10)358 o 425 5558 @ 5l555 8k

CBD
QJ;Qquﬂjwﬁﬂa‘)agchBD

J-"r.ﬂ .("ﬂ“‘)-\ju_ﬂ :L»._a" CD Ls‘j—’ c}“}l,w Sl

11990 0.6 « 1161 o)lasd (@il § Cuyy 0)9s

ohsjls (Al ol oEibily alas (VX%


http://jmums.mazums.ac.ir/article-1-8603-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

||5.nﬂ: g n§i|:5:l |Hn|u

ol 158 5 0leys d b 53 Syl cpdalys
=l Caglie Jlaz! L;up-csl_ia SNl
13y 0yl 2555l 4 Ol

T Lo b e Sl 4 55l s )

913 ola 4l 3 i slowl Y

313 Sl s 55 R Y

Solgr Sl iS5 slowl g 53 556 AT (gla e —F

Colu LaOT 4 55l 57 ol o 3T 015310

2yl

23 =3 Caglia 6u<.}gt_<ﬂ g oe 53 Ll

PNl a6 Lals ST

O o3 ool ol ol (5l Jole il osliza]
Je @3 LT a8 Ol ol co (T
ol bl an e Al 5 e (DMSO) LS 5l 5o
Lol 0T dlis a0 50 08 CS el (g o8
68 Ll o Bl 5 ot T 3505 (657 ey g
33 A 3l IS et el 43 8 O 5 358 oS
o3 /) Sl el i 3 Ikl
L agrlpe 55 Aoy ) JgibsSee 5 doys ) e ss
Az e 5 JB S LS Lol T sl S
J= o b DLl pdels (B ¢ Julie 5o
S5 LS Lol A S 5 oo ¥ LSyl
osliil 457ty oo 5 a4 Oladllas ol b s STI0
el s ods a s slag,ls sl Job-
e ST s 4 0T 3585 23l 4 15 on
b e (et pslie ag)ls 4 @3le Ll > &S
Sy MLS sl o fress 208 55 o S0
OT 035 5 o ot 33 55 o0 03kl @i 53 (2 50
Ll e Bgd S 5 Sl enlial 1 ol ok ol T

.(FV)))}T dl’.ﬂ)‘ 4; LSJL“'_‘:} w‘ LE‘J" LS“\'_'.“\" QLAJJ

LoldlST o ol ylgo slo )
SV Jlw 5 01,LKan s Moon (gl asdllas s

4, isoxaben 4 2,6-dichlorobenzonitrile (DCB)

g ey Lop2sS 7 0ds 8558 NGk S il
U.&au \L{Lﬁ) c&lﬁb L ol ol LﬁbKTM

Lol leod Loy
Yy j5led 51 8 CIlinsT 558 Oleys
bols glagls Jlasliwl Ly g 8 5 )50
Oty 5Ll e (5L 85 (J g5 S S
J336 551 ) emmlas 23T B ey 5 siaT oD 55 5
O3 T S 4 U 8 ol el ol en
=] SIS Golen gl Oloys M5 oo e
el S 5 sl gls el il O ol 5>
Y o RS 5 (Ao s /Y s ,0) SUsss )
Solas yo eslazul 5 4 L;bs))bjia_:j\ el Aoy
oS oy 5 e g5 (g LalBST 1S
SLass Sl lls 5 S de slag,ls (rOLLL B
4 LT (Gloab ) 5l (odm iz Aitd (o5
Ol 31 sms 5 5 a3 ol omlin oty gl
i Y PS03 5 03l sla gl 51 eslizal L
4 Ll g 05 ,mb syl b Obeys Jsb oS ol S73
53550 oS Tt Lal (P ol 2 31 5
Oleys 4y lts SLelST lalssie i culs,

I Ceaglis
G55 Olays Jds o 5 e o5 AT B
Cal ol 93 (SlanS 5 o> ¢ o LalsST & yic
sbasls o oYU Coslin ( oSS58 A sloul b oS
9 Smls SLS 5 odle 4 diad e OLES 3 g
JBCs e Conl S 0l an 5 sla ke s
Lo i poe O s 487005 Jige ol (S
jjﬁ,;puKT&uy.@\uoTVSJlﬂqw
Olays 55 o G155 039 g0 slagyls ade o glia

Saols am Caslin 55, 5 Sl S s | 5 50

TIAY 1190 g0 ¢ 11€) a)ladds (@uiad § Cuway 8)9s

ohsjle Ak} eole oGRSl alas


http://jmums.mazums.ac.ir/article-1-8603-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

LalBIST CumaS )lgs ) 30806 Yol

(FREATA)3 35 oo I @ VL ) )& e slls
35 At Sa S o e (3L LS
Lib 5 0lwsnlS o 10 .l ol OL Ole 218
gor s Lie (S S a0 S
b i er 338 (0 05 4 J gl D s
Ol 55 (TS o Jlge |, RNA 5 DNA s (s
05 SLabsm ade slos 8 (g9 Seads ool
b8 ol (sla £ 5 LS e p 8 5 e
LR0M) el 03l LS (gl &S5 5 o S sla S
Ol 558 51 A Jlw s 01, 5 Rassu e
A5 s 5,15) Rokitamycin (s 5,ls Jsl> O e 4y
51aST U ged sdaline 5 53 S eslin ! (LulslST
Sl Ol 187 ol am 4 gls SlellS T s
ol (l_?él &0 Olalllas 4 a5 L ol oLy OF)SL
AR 5 (s S s ol o s
S 5 ) A S Ko s Sl 5 Ol S
Ol o Ao el 53 Jo16 L JsS050 5 5 (acbs
03 &S Ol 4 Ll g o Olu g8 &S 25 8 4
SLatewsS o)l53 53 35 50 F sl 4 Oy ol
Olse ) s ;22 L g itiens 55 b a0 LolBlST
g S 3 w3 Sl (al
PGS el 3 lac S 52
Lo s mly slagyls (ol pde s a2l
Lyl b 5 dpane glod Slag)ls 4 @l e U215
s 48 g Lagos g o3 g pslin (SS5 05 58
a1 YL gl ble 5 0l 4 3l ok glacwnS
555 VU Che b glagls 3l oslinul &7 (bl oo jlons
wary bbb e dcbdsh ; r s G o S
Lo olasyls b LS 5 3 ealical cods 415 Il
S oSz glagyb b Ol oS dile anb el
At Sleys gy Ll e cliph o Jhe i e

il ol s sie gl omlio

0t e ST e gl i slaodiSlge Ol
=S 5 s Hladlae ool 5 Lu s LullsT
$DCB ¢l es & (PHMB) 1T 8 ol S L
£35S 25 ol e gl 5 3 50 02lizal iSOXabEN
53 LT oS 3,5 o 3l o ge (oS 5 S0l
48 (ol 4 PHMB) Jgans 51 505 0l 5 Clale
(LS o 51 as B b (655 5 s
3 YooV Jla s 01, 5 Dudley ol oDl
LabiST acde DCB 5 Sy 51 cpebaly (oS 5 (53015
(POl Cows  adalsls, c,u 4 5 L5 g o3lizu
05 alsST o 55 oSG b o8 ol pl b 6 4SS
iSOl LT 55 J s 4325 5 e J gl
L glaaillan 5 o3ls ol 5l esliul L .l o o315
du ¢ sk Down-Regulation el 4 i) Sl eslizal
(ol S5 a0 3Y )05 8 LalslST 0t 4 ST
Lol ST sla iV shw ¢ uilSw (slaosls ulwl
Jolo 5 il o U STL by 4 4l SHulS

LBVl B 031l s 5558 Y5 5um

(o o5 Sl s 15
S35 5 gy OT b e S$ Ol S
s 55 pnS fal (slsoy S ol 51487 Sl
ol xS bl 715515 LT e s 4 5L
by Calien (gla S5 4 Ol 283505 sk b o0l
Calisen 5 g0 6lass 5 O sdlzuls slaar 5
Slapies Gl YU (ol e o L g 5505 5
G Ol 4 S gogb @ esls 38 gl el
.w\aunﬁwr&u%g;&”udﬁu
SLa g )3 e o b s L Ol 1S
Sl (o san S g Gl gen (o als (g5l T
O3 5 oo g ey ) (ot I ¢l
Bt 51 e e ool 55 S 4 S

11990 0.0 « 1161 o)ladd (@ilud g Cuyy 0)9s

ohsjls (S eolc olEibsl alas \AA


http://jmums.mazums.ac.ir/article-1-8603-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

||5.nﬂ: g n§i|:5:l |Hn|.u

References

1.

10.

11.

Clarke DW, Neiderkorn JY. The pathophysiology
of Acanthamoebakeratitis. Trend Parasitol
2006; 22(4): 175-180.

. Gagnon MR, Walter KA. A case of

Acanthamoebakeratitis as a result of a
cosmetic contactlens. Eye Contact Lens
2006; 32(1): 37-38.

. Selby DM, Chandra RS, Rakusan TA, Loechelt

B, Markle B, Visvesvara GS. Amoebic
osteomyelitis in a child with Pediatr. Pathol
Mol Med 1998; 18(1): 89-95.

. Rezaeian M, Niyyati M. Pathogenic free

living amoebae in human. 1" ed. Tehran:

University of Medical Sciences; 2011. (Persian).

. Nagington J, Richards E. Chemotherapeutic

compounds and Acanthamoebae from eye
infections. J Clin Pathol 1976; 29(7): 648-651.

. Lorenzo-Morales J, Khan NA, Walochnik J.

An update on Acanthamoebakeratitis: diagnosis,
pathogenesis and treatment. Parasite 2015;
22.

. Gagnon MR, Walter KA. A case of

Acanthamoebakeratitis as a result of a
cosmetic contact lens. Eye Contact Lens
2006; 32(1):37-38.

. Barrett RA, Alexander M. Resistance of cysts

of amoebae to microbial decomposition. Appl
Environ Microbiol 1977; 33(3): 670-674.

. Neff RJ, Neff RH. The biochemistry of

amoebic encystment. Symp Soc Exp Biol
1969; 23: 51-81.

Dudley R, Alsam S, Khan NA. Cellulose
biosynthesis pathway is a potential target in
the improved treatment of Acanthamoeba
keratitis. Appl Microbiol Biotechnol 2007;
75(41): 133-140.

Deichmann U, Jantzen H. The cellulase enzyme

system during growth and development of

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Acanthamoeba castellanii. Arch Microbiol
1977; 113(3): 309-313.

Trevisan BC. Encystment of Acanthamoeba
and Evaluating the Biobus Program. Georgia
State University. 2010. Summer, 8-18.
Schwarz WH. The cellulosome and cellulose
degradation by anaerobic bacteria. Appl
Microbiol Biotechnol 2001; 56(5-6): 634-649.
Lynd LR, Weiner PJ, Zyl WH, Pretorius IS.
Microbial cellulose utilization: Fundamentals
and biotechnology. Microbiol MolBiol Rev
2002; 66(3): 506-577.

Beguin P, Aubert JP. The biological
degradation of cellulose. FEMS Microbiol
Rev 1994; 13(1): 25-58.

Khan N. Acanthamoeba Biology and
pathogenesis. UK: University of Nottingham;
Caister Academic Press; 2009.

Potter JL, Weisman RA. Correlation of
cellulose synthesis in vivo and in vitro during
the encystment of Acanthamoeba. Dev Biol
1972; 28(3): 472-427.

Brown RM,

biosynthesis: a model for understanding the

Saxena IM.  Cellulose
assembly of biopolymers. Plant Physiol
Biochem 2000; 38(1-2): 57-67.

Perez S, Mazeau K. Conformations,
structures and morphologies of celluloses. In:
Dumitriu S, editor. Structural Diversity and
Functional Versatility. 2" ed. 2005. ISBN:
978-0-8247-5480-8.

Bishop JD, Byoung CM, Harrow F, Ratner
D, Gomer RH, Dottin RP, et al. A second
UDP-glucose pyrophosphorylase is required
for differentiation and development in
Dictyosteliumdiscoideum. J Biol Chem 2002;
277(36): 32430-32437.

Haan RD, Rose SH, Lynd LR, Zyl WH.

TIAQ 19O g0 ¢ 11€) a)lauds (@uiad § Cauway 8)9s

ohsjle Ak} eole oGRSl alas


http://jcp.bmj.com/search?author1=J+Nagington&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/?term=Potter%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=4339520
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weisman%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=4339520
http://www.ncbi.nlm.nih.gov/pubmed/?term=potter+%2C+weisman+1972
http://jmums.mazums.ac.ir/article-1-8603-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

LalBIST CumaS )lgs ) 30806 Yol

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

Hydrolysis and fermentation of amorphous
cellulose by recombinant Saccharomyces
cerevisiae. Metab Eng 2007; 9(1): 87-94.
Teeri TT. Crystalline cellulose degradation:
new insight into the function of
cellobiohydrolases. Trends Biotechnol 1997;
15(5): 160-167.

Beguin P. Molecular biology of cellulose
degradation. Annu Rev Microbiol 1990; 44:
219-248.

Reese ET, Sui RGH, Levinson HS. The
biological degradation of soluble cellulose
derivatives and its relationship to the
mechanism of cellulose hydrolysis. J Bacteriol
1950; 59(4): 485-497.

Din N, Damude HG, Gilkes NR, Miller RC,
Warren RAJ, Kilburn DG. C1-Cx revisited:
intramolecular synergism in a cellulase. Proc
Natl Acad Sci U S A 1994; 91(24): 11383-
11387.

Shoseyov O, Shani Z, Levy I. Carbohydrate
binding modules: biochemical properties and
novel applications. Microbial Mol Boil Rev
2006; 70(2): 283-295.

Teeri TT, Koivula A, Linder M, Wohlfahrt
G, Divne C, Jones TA. Trichdermarees
Cellobiohydrolases: why so efficient on
crystalline cellulose? BiochemSoc Trans 1998;
26(2): 173-178.

Rouvinen J, Bergfors T, Teeri T, Knowles
JK, Jones TA. Three-dimensional structure of
cellobiohydrolase 1l from Trichoderma reesei.
Science 1990; 249(4967): 380-386.

Tomme P, Warren RA, Gillces NR. Cellulose
hydrolysis by bacteria and fungi. Adv
Microbial Physiol 1995; 37: 1-81.

Wilson DB. Cellulases and biofuels. Curr
Opin Biotechnol 2009; 20(3): 295-299.

Xie G, Bruce DC, Challacombe JF, Chertkov

O, Detter JC, Gilna P, et al. Genome sequence

32.

33.

34.

35.

36.

37.

38.

39.

40.

of the cellulolytic gliding bacterium
Cytophaga hutchinsonii.  Appl Environ
Microbiol 2007; 73(11): 3536-3546.

Mandels M, Reese ET. Induction of cellulase
in Trichodermaviride as influenced by carbon
sources and metals. J Bacteriol 1957; 73(2):
269-278.

Nogawa M, Goto M, Okada H, Morikawa Y.
L-Sorbose induces cellulase gene transcription
in the cellulolytic fungus Trichoderma
reesei. Curr Genet 2001; 38(6): 329-334.
Derda M, Winiecka-Krusnell J, Linder MB,
Linder E. Labeled

cellulase as a marker for Acanthamoeba cyst

Trichodermareesei

wall cellulose in infected tissues. Appl
Environ Microb 2009; 75(21): 6827-6830.
Webster D, Umar I, Kolyvas G, Bilbao J,
Guiot MC, Duplisea K, et all. Treatment of
granulomatous  amoebicencephalitis ~ with
voriconazole and miltefosine in an
immunocompetent soldier. Am J Trop Med
Hyg 2012; 87(4): 715-718.

Schuster FL, Visvesvara GS. Free-living
amoebae as opportunistic and non-opportunistic
pathogens of humans and animals. Int J
Parasitol 2004; 34(9): 1001-1027.

Ficker L, Seal D, Warhurst D,Wright P.
Acanthamoeba keratitis resistance to medical
therapy. Eye (lond) 1990; 4(pt6): 835-838.
Reinhard T, Sundmacher R. Clinical aspects
and therapy of Acanthamoeba Keratitis.
Ophthalmologe 2000; 97(6): 446-459.
Saunders PP, Proctor EM, Rollins DF, Richards
JS. Enhanced killing of Acanthamoeba cysts
in vitro using dimethylsulfoxide. Ophthalmology
1992; 99(8): 1197-1200.

Moon EK, Hong Y, Chung DI, Goo YK,
Kong HH. Potential Value of Cellulose
Synthesis Inhibitors Combined With PHMB

in the Treatment of Acanthamoeba Keratitis.

11990 g0 « 1161 o)ladd (@ilud § Cumyy 0)9s

ohsjls Al eolc 2GRSl alas 19


http://www.ncbi.nlm.nih.gov/pubmed/?term=Rollins%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=1513571
http://www.ncbi.nlm.nih.gov/pubmed/?term=Richards%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=1513571
http://www.ncbi.nlm.nih.gov/pubmed/?term=Richards%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=1513571
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moon%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=26426333
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26426333
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20DI%5BAuthor%5D&cauthor=true&cauthor_uid=26426333
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goo%20YK%5BAuthor%5D&cauthor=true&cauthor_uid=26426333
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kong%20HH%5BAuthor%5D&cauthor=true&cauthor_uid=26426333
http://jmums.mazums.ac.ir/article-1-8603-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

||5.nﬂ: g n§i|:5:l |Hn|.u

41.

42,

43.

44,

45,

46.

47.

Cornea 2015; 34(12): 1593-1598.

Dudley R, Alsam S, Khan NA. Cellulose
biosynthesis pathway is a potential target in
the improved treatment of Acanthamoeba
keratitis. Appl Microbiol Biotechnol 2007;
75(1): 133-140.

Moon E K, Hong Y, Chung DI, Goo YK,
Kong HH. Down-Regulation of Cellulose
Synthase Inhibits the Formation of Endocysts
in Acanthamoeba. Korean J Parasitol 2014;
52(2): 131-135.

Anderson 1J, Watkins RF, Samuelson J,
Spencer DF, Majoros WH, Gray MW, et al.
Gene discovery in the Acanthamoebacastellanii
genome. Protist 2005; 156(2): 203-214.
Clarke M, Lohan AJ, Liu B, Lagkouvardos
I, Roy S, Zafar N, et al. Genome of
Acanthamoebacastellanii highlights extensive
lateral gene transfer and early evolution of
tyrosine Kkinase signaling. Genome Biol
2013; 14(2): R11.

Austin PR, Brine CJ, Castel JE, Zikakies JP.
Chitin: New facets of research. Science
(AAAS) 1981; 212(4496): 749-753.

Hirano S. Chitin and chitosan as novel
biotechnological materials. Polymer International
1999; 48(8):732-734.

Jings SB, Li L, Ji D, Takiguchi Y,
Yamaguchi T. Effect of chitosan in renal
function in patient with chronic renal failure.
J Pharm Pharmacol 1997; 49(7): 721-723.

48.

49.

50.

51.

52.

53.

KongM, Chen XG, Xing K, Park HJ.
Antimicrobial properties of chitosan and
mode of action: a state of the art review. Int J
Food Microbiol 2010; 144(1): 51-63.

Fakhar M, Rahimi-Esboei B, Rezaei F. In
vitro protoscolicidal effects of fungal
chitosan isolated from Penicilliumwaksmanii
and Penicilliumcitrinum, J Parasit Dis 2015;
39(2): 162-167.

Yarahmadi M, Fakhar M, Ebrahimzadeh
MA, Chabra A, Rahimi-Esboei B. The anti-
giardial  effectiveness of fungal and
commercial chitosan against Giardiaintestinalis
cysts in vitro. J Parasit Dis 2016; 40(1): 75-80.
Rahimi-Esboei B, Fakhar M, Chabra
A, Hosseini M.

Echinococcusgranulosus with fungal chitosan,

In vitrotreatments of

asa novel biomolecule. Asian Pac J Trop
Biomed 2013; 3(10): 930-934.

Hoseini MH, Moradi M, Alimohammadian
MH, Shahgoli VK, Darabi H, Rostami A.
Immunotherapeutic effects of chitin in
comparison with chitosan against Leishmania
major infection. Parasitol Int 2016; 65(2): 99-
104.

Rassu G, Gavini E, Mattana A, Giunchedi P.
Improvement of Antiamoebic Activity of
Rokitamycin Loaded in Chitosan Microspheres.
Open Drug Deliver J 2008; 5(2): 38-43.

191 11090 g0 « 11€) a)ladds (@uiad § Caway 3)9s

ohsjle Ak} eole oGRSl alas


http://www.ncbi.nlm.nih.gov/pubmed/?term=Ji%20D%5BAuthor%5D&cauthor=true&cauthor_uid=9255718
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hoseini%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=26518128
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moradi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26518128
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alimohammadian%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=26518128
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alimohammadian%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=26518128
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shahgoli%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=26518128
http://www.ncbi.nlm.nih.gov/pubmed/?term=Darabi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26518128
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rostami%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26518128
http://www.ncbi.nlm.nih.gov/pubmed/?term=Immunotherapeutic+effects+of+chitin+in+comparison+with+chitosan+against+Leishmania+major+infection
http://jmums.mazums.ac.ir/article-1-8603-fa.html
http://www.tcpdf.org

