[ Downloaded from journal of biosafety.ir on 2026-02-28 ]

[ DOR: 20.1001.1.27170632.1396.10.2.4.5 ]

(i (ag) Adaa
VYa7 bl ¢ Y DJLAA.:IA‘\~ 594

i ) SOSwI AT gi 90 Ko 300 (59 3K 9y (3 95 4 Sl § (wikigo

el a5 VT el el ¢ She (L

dl’v—u ‘ul"") amh g‘_;)',_,L.:S e ASES s cQUU CW‘ K} (;.ij 9‘5;‘

295 Y gend plol Ml o8I (rd mlis 5 (5355LES 0 UKLl (55 ) 5SS g 03 8

Bagheri.khadijeh@znu.ac.ir

NS>

Szl 5l (PHAS) Lol gl wSada b W5 sl okl ae w815 0 0laLS
4 parin S S5 bl addy 5l oy S T SISIT S 5o S oal 3 do S
2 oy 8 mbe bodd A8 GaSandly 5l (ol b 0,8 Bld 4y o8t (03
adsl slse Sl L5 e PHA (28 mlin b e a5 glacaadly O S e s Y
S S 3338 s (Kb Jb slakase iy s ol 4 s T Gyl s
Slr 5L 25 adsl bt slge A5 skeas (gd GG iz (gl ALS SIS widige
LS e a ol adles il o35 0al b PHA Wb iy o) ol
A sl slse nl W5 Gl sl Ul Ol 4 alS S5 wdige 5 ) Sl ol

23l g reaian s 5 oladl b5l sl

(s S sl 5 LS (Al (659 5SS s (alS Sy wdige 1SS Olods”
(PHAS) lacl 51T S5 0n L

AR


mailto:Bagheri.khadijeh@znu.ac.ir
https://dorl.net/dor/20.1001.1.27170632.1396.10.2.4.5
http://journalofbiosafety.ir/article-1-150-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.4.5
https://journalofbiosafety.ir/article-1-150-en.html

[ Downloaded from journal of biosafety.ir on 2026-02-28 ]

[ DOR: 20.1001.1.27170632.1396.10.2.4.5 ]

URR LR C)L:“‘:‘u Y OJM ¢ - BYE culu:ljﬁ‘ﬂ.;an

OB gy heed sl Sl g L
- Sl W gl g cme S
- U I TR e
SRR AT PRI VE TS WPV (I W ST
S S e Bolas e st
iy Dl b a $ 0, 2 Sanl gl
S Ao dr aad e edlital ag s
5 B e (o S b
Sphe SNy s Gl G5
Sl Cel Cspe Odlae (YAO)
PSSl Jie lallS glaslS La)
58 Ll L;*Mb osba R D9
S M P 5 58 Sl
S b ghel OLL Mg sl 8
My QavaTDeal LK o
Gl a3 oS s e lacsaanl,
5 o hes V4AY Jle s L ool
Arabidopsis thaliana > ul,Kes
(YONMA) b S &)y s

GG S gl JS gk
5 5 e ol 35

6l 5 and b sl oS plaSadly -
Ll JB o Jy Aol ey L
PET , (polyethylene) PE b
.(polyethylene terephthalate)

'Y

-

dodao

504 e Ol W5 &S esan sl 5 S
ol Bl s i gl S 5 el s
el Sty olS 5 Sty el
e Sl edes gl Kot cxle o
CRIS s b okt ¢ ol L
oIB 5 058 Sl Sl e s el
O Mg anps ShalS s e 52 CuksS
G ae (M OOL LS o 13 eslizad 55
sob 4 wdlS wss g 5l Olgr o3 esle )
Ol s ol [l J s (g Kaies
A5 Saedy o5 Oads Yov 50 AVl
il 01 o5 Gsdee Vor WL 5u
S Sl o 5 ok bl 5 e
(AAQ) 553 0 G e Cas
5 b bl Wy slse ol L5
e SU el oy Sl plasby
oz 31Ol bl (gl SISCes 55 1
et D3 e S5 5 sy SBSlen
Glo N op 5 ol 51 S oS Sl
i ed S le p 2 5 S Lo
Sop JSie 0 OsSlen 58 g s
ol LS (3l e 5 S Jaoes 5
Shoedle x4 Sty gladly
Sox Jdne K olpen o SN pas
OVAQ) sl es g


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.4.5
http://journalofbiosafety.ir/article-1-150-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.4.5
https://journalofbiosafety.ir/article-1-150-en.html

[ Downloaded from journal of biosafety.ir on 2026-02-28 ]

[ DOR: 20.1001.1.27170632.1396.10.2.4.5 ]

Mo Lad 58 (63,505, Ol g 4 S5 pudkige O 5 (S

37 edisle gladly 5w sl Dls g g
Wile gad U T 53 ol gl 5 0l 4525
6oL pdics Ay sl ey (FYA)
“b Wl e Sl LSS s el plulis
(PHA) Sl ST S 55 dn
5l eslizul .ol (polyhydroxyalkanoates)
BEISTR VREVE IS JRT{ LS SRy e
350 ol 08 5 00ls mbe 5 HosLS
LBl of s &S cula § )13 ax g
Sl Sl gladble 5 sy e
O T VSN E NGNS E
D R o e
R U P S PR SIS P
0 based ol (JsSse 05 s
O3 el O YVt BY XV 0 63 gdos
5 eSS
S U 1 N CLOPP VL S SR S
Sl addisen bl Sl SIIT oS50
Sl g S oodn e 31 ol
- (Polyhydroxybutyrate  (PHB))
polyhydroxyvalerate ) <l Jlg .S 00
- Sk b 3 (PHV)
(polyhydroxyoctanoate (PHO)) <l 4Ls]
-k el SO PHB &
Ll ST S 5 5o
v 5l e e KO PHB (O AT

P

'Y

PHA e Wjls pg) Lie pioeas
PLA 3 (polyhydroxyalkanoate)
.(polylactic acid)

b b 54 S8 el Y
PBAT Lile L pdys A5l Iy L
(polybutyrate adipate terephthalate)
(YA

ol pod 4 ( ALS SIS dige 55 S0y
5 e e 3550 53 Ay w sy SIS
Sl gl slacs s gy jals
Sl o5Shse Olge 4 OIS Sl eslind
Lo b5 5 pdibded gle ey A 55
sl Lol SISIT S5 0n L il
(FOXY)les S

Lol 5 ome addlas opl 51 Gous
bt A5 iy e sl
P S S
Sty glac b Ll sl & ol
4 4 ol ey g0l BB
3 o) OISs - 4SS sk

sl sl WS 5 Ay NS s pde 3

i A Sy Sl oy £
« (Biodegradable) ,d s s o3l


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.4.5
http://journalofbiosafety.ir/article-1-150-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.4.5
https://journalofbiosafety.ir/article-1-150-en.html

[ Downloaded from journal of biosafety.ir on 2026-02-28 ]

[ DOR: 20.1001.1.27170632.1396.10.2.4.5 ]

URR LR C)L:“‘:‘u Y OJM ¢ - BYE culu:ljﬁ‘ﬂ.;an

e s lse Sl eddgiie gbs ey Gl
s S 5l e (T8 S
o3l gl slael Wlf,\j;f
PHA .Jg « 56 Halobactericeae
gl Sl SS Yl G09St e
O slaw 5 et glulis L s 515 S
L ,SL (YY) ol Sils3l J= s L
PHA LS5 5l s i i 40 006
Gb ool sl S 5 Vo L s s
ol plulis 0586 Lol T S5 s
Wlesls OLa (654 80 5 Dlalllas .l
Shgledd Lass bl b cod (o850 3
Gie o3le S bl 4 L a5 Llie sl
P P N PRCW PR PR BV o
s Sy 2,8 o 13 el o S
Ll ST oS skn (1) S o A5
Kb 455 Sk sladie Sl
Gl Lowlis o Sns sbb
() s e b e Jslise
g5 bl L ol ST S s
wd 3 S e Ol o > 93 4 o g0
S dmn 655 oy b by ol
iS5 35 503 S o510 BT 6l
myoﬁajp&uﬂwsms s
SLlIs 5 o3 oS WSIVE BN lls &
O K8 (VA L) wees  SeoVl csls

V¥

slaojlll s 5 cd Ol S e S
Serge Jsbe by ol gl il
3 85PN e s e S Olsea PHB L
Cod s el S sl S
Shd Q53 Cadgdous e a2
oS ok 13 03 008 5 O s O3S
PHB lacossdms pl w3 L5 Ll o
b KOl 4 el PHB 555 e 4520
S50 i A ey Saelyse S
4ot ol s el S 15 ey
Sy S 3l 6ol sl ol
(YOYA) 55l Jsane

Lol ST S st o gla S5

d bt 5 S el sbls PHB
e N L
Godate Slawan) 3 Jseme LS
OF 155 o Jlio Olye a0 .ol oslizad LG
I b Gy g oS 55,6 |
Aol e 4 plaatd) oo 4 oS Lol
-l el sls 55T Gy S w
OYA) el Jle g

Lol ST S s oten L 42308 ans 53 b
Lol Ll S 513 andllan 3,50 (s o
S s eds oyl L5l 5 s LB
Rl A g s BB e ol

clis o5l Ol 1) Lol e S


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.4.5
http://journalofbiosafety.ir/article-1-150-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.4.5
https://journalofbiosafety.ir/article-1-150-en.html

[ Downloaded from journal of biosafety.ir on 2026-02-28 ]

[ DOR: 20.1001.1.27170632.1396.10.2.4.5 ]

3535 T 31sS Jeul 2l ketothiolase)

(0) &L 55 usphaC,phaA phaB  (sla

! Jses Ralstonia eutropha s sU
PHA <5 4 bsyp e ol e
¢ Vasda Gledys PHA lag 5T Jals
Sls S
a3 e b 3 1S el gl
25 s ol (0) AS o oS L PHA

3 BITPRWE

Rhodospirillum L SU (gla -y 2l
Alcaligenes (A. eutrophus) rubrum
Klebsiella (K.

Nocardia .aerogenes and K. oxytoca)

[Escherichia coli

Pseudomonas (p. s ((N. corallina

(Y+) putida)

Il sl el LS
O jtw o390 45 el PHB (PHA o3l 5l
RO IS RIPTS R o (N O L S
PHB .|y . Ralstonia eutropha s :sU
~J$1LS Oy 1 01 5 A4S s 5,08 51,

(YY) s o}:}J ‘}:z-.a LSLA

N PHA has 150 monomers reported
« PHA Gr

Vo

23
§
o Y )
\ \
I j\j\ /EI\L ii é\j\ é\iL
\Lo)\)\c o (o] o (]
a8 v FHHx 3HO IHD 3HOD
CHESETIR—

3 Medium-chain length
Short chain PHA PHA

2 s iles S asls s PHA
00 ok, 1.°C e 03 sdos
0313 QLI Lo ) 39 0 RS S gieS
e
Sk L sed e 4 PHA
ol See 5l ey oS 51 aol S
el GooBLle) el mle O e
‘(=L>' CdOle) s GL“’ 5 (ke
I R
(Sl L) Jro I bl (s S
60 5 (S Al 5 Sgmsn Aol
AY) L o mas BB SuS]
35h g A s i s PHA sy
lad s Szl 5 05 &S (F JS)
o o5l 355 g els JUil OblS 4 S
(B- 5V 55 B uds il an ol


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.4.5
http://journalofbiosafety.ir/article-1-150-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.4.5
https://journalofbiosafety.ir/article-1-150-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-28 |

[ DOR: 20.1001.1.27170632.1396.10.2.4.5 ]

M el oY o ladi ¢ v 98 () eyl Adaat

PHA e s Y S

Acetyl-CoA

Acetoacetyl-CoA

PhbA
Q 0
Glucose —p=— —— —3— !_!’ CoA !! !:l Con
SN - ~Ca fs)
CHy s i cHy e, 57
CoASH NADPH
PhbB
NADP*
T e
L LCH LG _CH O LCH  ,C CoA
CH, [O CH, [0 ﬁ cHy “cH, s
o] CoASH
Poly-(3-hydroxybutyrate) (R)-3-Hydroxybutyryl-CoA

PHB s s v IS5
LS 55 s ok g5

\ ¢


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.4.5
http://journalofbiosafety.ir/article-1-150-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.4.5
https://journalofbiosafety.ir/article-1-150-en.html

[ Downloaded from journal of biosafety.ir on 2026-02-28 ]

[ DOR: 20.1001.1.27170632.1396.10.2.4.5 ]

Mo Lad 58 (63,505, Ol g 4 S5 pudkige O 5 (S

ol | Fil) phb sy O3 8 &S g
sl Alcaligenes eutrophus ¢ sL 3
Arabidopsis thaliana LS a4 53,5
PHB Wy ¢l 5032 b St sl
5353, T 3lsS Jal gl Y g5 55—
b AiSIS glolges axkd 4 (lze PHB
o 0P SosS A=l s JUs! Ay
Jate (Kpoop Sp S olis
wlS 3 o3 e 0l sl (8 KS8) was
Fssn boedd Pl sS4
0555 53 fBly 358 IS Silise sns
53 5 A5 plesl Ti- pBIL2L dadly €185
s pBI-TP-Red pBI-TP-Thio o;le 4=
5l 4e s 4w S fol> pBI-TP-Syn
Sl b el sl slaY
A 53 aS W bl ey Sy ol s s

gm0l 55 o3l a5l S g plas

small subunit of Rubisco

gl (a)'Y il Olaa=s 144Y Jle s
Lol 5 03, sl (5,8 511 Saudly
sl 5 dsls JUEL e st oS w1
Cars by s adgl alS e
CPHA oo S, ol s oS
W3S Sope (oS b Ol
) a3 ol B s O Olesls
Sy s 4 S Ll 4 i
5 P g | BlS el sl s
s ] Sl 5 o slodd 0,3
5 OLSS Oap e 2 s elS 5L
2 ek ol S s, LSL"‘V-iJ'j
Sl rmbe Sl Joee 15 e dlazady
il QLS s 53t sla ey W
SIS e 5 dis, 5 55 &S (YOTY)

ZW‘@M@JJ}TJW‘Q@;Q)M

(7P IIIIIIIIIESIIEIIIES.

E ZLLL
(transit peptide][mature proteinl| linker|///] reductasej%

MAS---VKCMQV--

1 55

78

SRV

wio,l 5 oblS 3 PHB Wi ¢l Phb 5 Jlsl azy cbeaelind b JI5 Jlasl 5l Sl - |3

Mﬁv\m"j


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.4.5
http://journalofbiosafety.ir/article-1-150-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.4.5
https://journalofbiosafety.ir/article-1-150-en.html

[ Downloaded from journal of biosafety.ir on 2026-02-28 ]

[ DOR: 20.1001.1.27170632.1396.10.2.4.5 ]

URR LR C)L:“‘:‘u Y OJM ¢ - BYE culu:ljﬁ‘ﬂ.;an

Mg a5 oblS 5 ey OllS
L}.))M‘j}- Q\J:.c BE) L;‘jw @A PHB .u8
S SLLS J- ol b sdalis BT L0
PHB rjfjjgf Lov U Yoo )\ U’:"f 6\)‘.}
5 3 deem a0l 5 055 08 s slik
45&3.\ Y L .(Yo) .)JJ'_:L«S J.:LE s>
OLLS s g Lol Ol baedl s IS
Lo A 3 g dpd e el AL
oS 5 Shs fals 5 asy lal =0
My S e iy OB
B J))A r‘.)q\ a‘)Lf)J (\) d)J\?— DL 4.5
# skt Mg ek Ol 5 ek s
Ol Lol ai, 5 sl glaos ol i
IR J_';).Ajﬁ )‘ LAQT daBd D RGO B
LSLAQ)” °‘)".Jid:'3'i d‘)w 35S VJS &ﬁb}a
S edd plpnul PHB 5 PHA s W5
oslawsl  Alcaligenes eutrophus (¢ SL

o

YA

wo p oz S alS e slml gl
plnil pir (sla O il PHB o 5
Sl gl (YU s a8 iyl 5 oY s
QLS L5 S e Ok 1 3k ss,s T wplss
Stz PHB gV Ol e LT 5 5 55l 5
EECK RSO R
TP-Red/TP-) fol= S, 0blS
VL Olye hils asu )l 5 OlalS 5 (Syn
53 o W55 PHB Ol .23 8 ol Y 45
SIS 5y S Gl b ol slasss
350> (GC-MS) ¢ i b -3
S O30S bl e S Sa Ve B Y
okd Oly lar s, Ad sl Laskls
=5l ) bl b oasio 5 glacpY s
Olye 4 obsSb byl slagst
-k 1SDS U5 o 0wy gl SKaslS
oS o sdslis ojlas ol Al Ji S
SBY QLR W- R U TP C Sy e U
Sao odd aps PHB lawpl jasis
5540 stﬁm'ﬂ S sl Ol N O e
Cla oyge Ll s ey 4l
SOl O 05 LT lead &35
L SCaslS b a5 sl 5l Jeol
MRNA i Ol a5 51> OLis phb slal
oaes gladig Ay Ol b 05 2 sl

s C»—E.:Uﬂﬂ CJ% d).:mj .EM)S sl ol


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.4.5
http://journalofbiosafety.ir/article-1-150-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.4.5
https://journalofbiosafety.ir/article-1-150-en.html

Mo Lad 58 (63,505, Ol g 4 S5 pudkige O 5 (S

s Sl ey W5 5 shte e a5l 5 OlalS =) Jus

oA oyl ol sla S R Sabeyl 540 ol
dwt)

Poirier et al., 1992 (3% ol 48) wi, 5 Okkejl [ANNRS SIS PO Arabidopsis
thaliana
Nawrathetal., 1994  YLPHB gyl sk 55 ciuis 508 AT Lz Arabidopsis
) thaliana
Valentin et al., 1999 S s uas as, Jals AV S Arabidopsis
) thaliana
Bohmert et al., 2000 S s uas as, s /g S Arabidopsis
) thaliana
Nawrath et al., 1995 _ /o R Nicotiana tabacum
Nakashita et al., 1999 _ Ry Ny s Nicotiana tabacum
Arai et al., 2001 _ /ov/ed Ay Nicotiana tabacum
Bohmert et al., 2002 _ .2 REY Nicotiana tabacum
Lossl et al., 2003 i g b, Sals ppm £+ REY Nicotiana tabacum
Lossl et al., 2005 _ Y Ay Nicotiana tabacum
Valentin et al., 1999 _ /4 REY Brassica napus

John and Keller, 1996 YU gl s b S e bldhys SblS  /o/—eer/r e g Gossypium
hirsutum
Saruul et al., 2002 a5 0k 5 Ok Jbe i Slals AV KEmY Medicago sativa

Bohmert et al., 2000 g 93 5k A E Ol b o (503, RalS /470 CERREIY _ I__in_um
_ usitatissimum

Jb ol {8

Dalton et al., 2012 RS RE Y Populus tremula

[ Downloaded from journal of biosafety.ir on 2026-02-28 ]

e oz andl s ol ;S slad 515

Olals 3l ey Azl 5 yaskis 3,
oo b amls sladls b aadls o)yl = -

Q)va\.gesjﬂwjll@jéﬁlﬁdﬁ.i
oY 5 A s aulis gladls &S

S 5,8 151 6T oS ST iy

o)U\f L;’)j&j\ &)j-{'“’jjg::"’ )‘ oxlaru! L:
S w0 ) il e ey 015 o (TEMD

[ DOR: 20.1001.1.27170632.1396.10.2.4.5 ]

S J= 53 (0-B IS8) 5,5 o 5550 s
Ao Glepls es s ls (s edy (sladils
(YY0) el gl

14

Srosbases 3 LJHLS Sl Glesy
S(o- AJ&M) JJS sdalie sl 4.2.>L.:.)\J3
b Sl 5 pL Bl 4 SIS


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.4.5
http://journalofbiosafety.ir/article-1-150-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.4.5
https://journalofbiosafety.ir/article-1-150-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-28 |

[ DOR: 20.1001.1.27170632.1396.10.2.4.5 ]

M el oY o ladi ¢ v 98 () eyl Adaat

oS 5o Sy Jdore gdshe cudlys IS 55 PHB (slad 51 8 plazrl (A L35 pS01 0 gy S b gy 2 —0 IS

b gl Canb 3 tew ) GlSa
o 8L Jre olaeedlEls S e
Ayl u‘b g oo 4 S LSl LAGJLB
e olS 5 5 Ol CO2 e el ol 4
2 Sl s s S e et I
B JJ‘.,U o) Q‘Jﬁy jil'“’) Cono ) _)a'«,m
3T Cncb 53 (5o 5 o Spe 5

(Y)) (AUSKE) 55 o

Sl Fs s G5, 5l Ol o e
=S 02 ek gd SIS e pasis
e S (V) 58 eslaal a5 gla
S5 S Gy sladFS Ol
ik — 38 318 ples S Glagdll 5 58
oo GBSl s
(YAY) 5,5

Sk 53 s Sl 4 S 0 g


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.4.5
http://journalofbiosafety.ir/article-1-150-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.4.5
https://journalofbiosafety.ir/article-1-150-en.html

[ Downloaded from journal of biosafety.ir on 2026-02-28 ]

[ DOR: 20.1001.1.27170632.1396.10.2.4.5 ]

Mo Lad 58 (63,505, Ol g 4 S5 pudkige O 5 (S

Sunlight co,

Rubber
Starch
Cellulose
Protein

Industrial Biotechnology
(fermentation)

Transgenic technologles PLA
PHAsS
Proteins
PHAS Blodegradation

(industnal composters)
(sewage treatment plants)
(landfil)

Incineration

s SBSEN we y WS xS

References oslawl 890 b

1)

2)

3)

4)

5)

6)

7)

8)
9)

10)

Arai, Y., Nakashita, H., Yoshiharu, D. and Yamaguchi, 1.(2001). Plastid targeting of
polyhydroxybutyrate biosynthetic pathway in tobacco. plantbiotechnology. 18:289-293.

Avérous, L. and Pollet, E. (2012). Environmental Silicate Nano-Biocomposites. Green Energy
Technology. 50. Springer. doi:10.1007/978-1-4471-4108-2.

Bohmert, K., Balbo, I., Kopka, J., Mittendorf, V., Nawrath, C., Poirier, Y., Tischendorf, G.,
Trethewey, R.N. and Willmitzer, L. (2000). Transgenic Arabidopsis plants can accumulate
polyhydroxybutyrate to up to 4% of their fresh weight. Planta. 211: 841-845.
doi:10.1007/s004250000350

Bohmert, K., Balbo, I., Steinbu, A., Tischendorf, G., Willmitzer, L., Steinbiichel, A.,
Tischendorf, G., Willmitzer, L., Steinbu, A., Tischendorf, G., Willmitzer, L. and Steinbuchel, A.
(2002). Constitutive Expression of the B-Ketothiolase Gene in Transgenic Plants. A Major
Obstacle for Obtaining Polyhydroxybutyrate-Producing Plants. Plant Physiology. 128:1282—
1290. doi:10.1104/pp.010615

Chen, G.Q. (2010). Industrial Production of PHA. Plastics from Bacteria: Natural Functions and
Applications. 14:121-132. d0i:10.1007/978-3-642-03287

Chen, Y.J. (2014). Bioplastics and their role in achieving global sustainability. Journal of
Chemical and Pharmaceutical Research. 6: 226-231.

Dalton, D.A., Murthy, G. and Strauss, S. (2012). Bioplastic Production by Transgenic Poplar.
ISB News Report. 4-7.

Endres, H. and Siebert-raths, A. (2011). Basics of PHA. Bioplastics Mag. 6: 42—45.

Gourmelon, G., M&rmol, Z., Pdez, G., Rincon, M., Araujo, K. and Aiello, C. (2015). Global
Plastic Production Rises, Recycling Lags. Rev. Tcnocientifica URU 1-7. doi:2244-775X

Green, J. (2012). Report Topic: PLA and PHA biodegradation in the marine environment.
CalRecycle: California Department of Resources Recycling and Recovery. 38.

Y


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.4.5
http://journalofbiosafety.ir/article-1-150-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.4.5
https://journalofbiosafety.ir/article-1-150-en.html

[ Downloaded from journal of biosafety.ir on 2026-02-28 ]

[ DOR: 20.1001.1.27170632.1396.10.2.4.5 ]

11)

12)

13)

14)

15)

16)

17)

18)

19)
20)
21)

22)

23)

24)

25)

26)

"nyyqY OML‘_] Y OJLM:I ¢ - BYE culu:ljﬂ‘ﬂ.;an

Hopewell, J., Dvorak, R. and Kosior, E. (2009). Plastics recycling: challenges and opportunities.
Philosophical Transactions of the Royal Society B: Biological Sciences. 364:2115-2126.
d0i:10.1098/rsth.2008.0311

Jendrossek, D. and Pfeiffer, D. (2014). New insights in the formation of polyhydroxyalkanoate
granules (carbonosomes) and novel functions of poly(3-hydroxybutyrate). Environmental
Microbiology. 16: 2357-2373. d0i:10.1111/1462-2920.12356

John, M. and Keller, G. (1996). Metabolic pathway engineering in cotton: biosynthesis of
polyhydroxybutyrate in fiber cells. Proc Natl Acad Sci U S A. 93:12768-12773.
doi:10.1073/pnas.93.23.12768

Laycock, B., Halley, P., Pratt, S., Werker, A. and Lant, P. (2014). The chemomechanical
properties of microbial polyhydroxyalkanoates. Progress in Polymer Science. 39:397-442.
doi:10.1016/j.progpolymsci.2013.06.008

Lossl, A., Bohmert, K., Harloff, H., Eibl, C., Mihlbauer, S. and Koop, H.(2005). Inducible trans-
activation of plastid transgenes: Expression of the R. eutropha phb operon in transplastomic
tobacco. Plant Cell Physiology. 46:1462-1471. doi:10.1093/pcp/pcil57

Lossl, A., Eibl, C., Harloff, H.J., Jung, C. and Koop, H.U. (2003). Polyester synthesis in
transplastomic tobacco (Nicotiana tabacum L.): significant contents of polyhydroxybutyrate are
associated with growth reduction. Plant Cell Report. 21:891-899. doi:10.1007/s00299-003-0610-
0

Madison, L.L. and Huisman, GW. (1999). Metabolic engineering of poly(3-
hydroxyalkanoates): from DNA to plastic. Microbiology and Molecular Biology Reviews.
63:21-53.

Mat Yunus, A.M., Ahmad Parveez, G.K. and Ho, C.L. (2008). Review: Transgenic plants
producing polyhydroxyalkanoates. Asia-Pacific Journal of Molecular Biology and
Biotechnology. 16:1-10.

McKinsey and Co. (2016). Rethinking the future of plastics. Sustain. Resour. Product.
Mitsky, T. (2016). Faculty Publications from the Center for Plant Science Innovation.

Mooney, B.P. (2009). The second green revolution? Production of plant-based biodegradable
plastics. Biochemical Journal. 418:219-232. doi:10.1042/bj20081769

Muzaiyanah, A.R. and Amirul, A.A. (2013). Studies on the microbial synthesis and
characterization of polyhydroxyalkanoates containing 4-hydroxyvalerate using Valerolactone.
Applied Biochemistry and Biotechnology. 170:1194-1215. doi:10.1007/s12010-013-0247-6

Nakashita, H., Arai, Y., Yoshioka, K., Fukui, T., Doi, Y., Usami, R., Horikoshi, K. and
Yamaguchi, 1. (1999). Production of Biodegradable Polyester by a Transgenic Tobacco.
Bioscience Biotechnology and Biochemistry. 63:870-874. doi:10.1271/bbb.63.870.

Nawrath, C., Poirier, Y. and Somerville, C. (1995). Plant polymers for biodegradable plastics:
Cellulose, starch and polyhydroxyalkanoates. = Molecular ~ Breeding.  1:105-122.
doi:10.1007/BF01249696.

Nawrath, C., Poirier, Y. and Somerville, C. (1994). Targeting of the polyhydroxybutyrate
biosynthetic pathway to the plastids of Arabidopsis thaliana results in high levels of polymer
accumulation. Proceedings of the National Academy of Sciences of the United States of
America. 91:12760-12764. doi:10.1073/pnas.91.26.12760.

Poirier, Y. (1999). Production of new polymeric compounds in plants. Current Opinion in
Biotechnology. 10:181-185. doi:10.1016/S0958-1669(99)80032-9.

YY


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.4.5
http://journalofbiosafety.ir/article-1-150-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.4.5
https://journalofbiosafety.ir/article-1-150-en.html

[ Downloaded from journal of biosafety.ir on 2026-02-28 ]

[ DOR: 20.1001.1.27170632.1396.10.2.4.5 ]

Mo Lad 58 (63,505, Ol g 4 S5 pudkige O 5 (S

27) Poirier, Y., Dennis, D.E., Klomparens, K. and Somerville, C. (1992). Polyhydroxybutyrate, a
biodegradable thermoplastic, produced in transgenic plants. Science (New York, N.Y.).
256:520-3. doi:10.1126/science.256.5056.520.

28) Roland-Holst, D., Triolo, R., Heft-Neal, S. and Bayrami, B. (2013). Bioplastics in California:
Economic assessment of market conditions for PHA/PHB bioplastics produced from waste
methane. California Department of Resources Recycling and Recovery September 10:1-82.

29) Saruul, P., Srienc, F., Somers, D. and Samac, D. (2002). Production of a biodegradable plastic
polymer, polyhydroxybutyrate, in transgenic alfalfa. Crop Science. 42:919-927.
doi:10.2135/cropsci2002.0919.

30) Scheller, J. and Conrad, U. (2005). Plant-based material, protein and biodegradable plastic.
Current Opinion in Plant Biology. 8:188-196. doi:10.1016/j.pbi.2005.01.010.

31) Snell, K.D., Singh, V. and Brumbley, S.M. (2015). Production of novel biopolymers in plants:
Recent technological advances and future prospects. Current Opinion in Biotechnology. 32:68—
75. doi:10.1016/j.copbio.2014.11.005.

32) Somleva, M.N., Peoples, O.P. and Snell, K.D. (2013). PHA Bioplastics, Biochemicals, and
Energy from Crops. Plant Biotechnology Journal. 11:233-252. doi:10.1111/pbi.12039.

33) Valentin, H.E., Broyles, D.L., Casagrande, L.A., Colburn, S.M., Creely, W.L., Delaquil, P.A.,
Felton, H.M., Gonzalez, K.A., Houmiel, K.L., Lutke, K., Mahadeo, D.A., Mitsky, T.A.,
Padgette, S.R., Reiser, S.E., Slater, S., Stark, D.M., Stock, R.T., Stone, D.A., Taylor, N.B.,
Thorne, G.M., Tran, M. and Gruys, K.J. (1999). PHA production, from bacteria to plants, in:
International Journal of Biological Macromolecules.25:303-306. doi:10.1016/S0141-
8130(99)00045-8

34) Wang, Y., Yin, J. and Chen, G.Q. (2014). Polyhydroxyalkanoates, challenges and opportunities.
Current Opinion in Biotechnology:30, 59-65. doi:10.1016/j.copbio.2014.06.001

35) Yokoo, T., Matsumoto, K., Ooba, T., Morimoto, K. and Taguchi, S. (2015). Enhanced poly(3-
hydroxybutyrate) production in transgenic tobacco BY-2 cells using engineered acetoacetyl-CoA
reductase. Bioscience, Biotechnology, and Biochemistry. 79:986-988.
doi:10.1080/09168451.2014.1002448.

36) Zapalska, M and Kowalczyk, K. (2013). The use of transgenic plants for the development of
selected bioproducts achievements of the polish scientists. Acta scientiarum polonorum
hortorum cultus. 12:183-195.

Yy


https://dorl.net/dor/20.1001.1.27170632.1396.10.2.4.5
http://journalofbiosafety.ir/article-1-150-fa.html
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.2.4.5
https://journalofbiosafety.ir/article-1-150-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-02-20 ]

[ DOR: 20.1001.1.27170632.1396.10.2.4.5 ]

"ﬂfo&*\u Y DJM Ve o499 cu'.'\u:ij u.'u,,ﬂ M.AA"

Plant genetic engineering as powerful approaches in bioplastic production
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Abstract

Plants can provide a sustainable supply of biodegradable plastics by means of (polyhydroxyalkanoate) PHAs
production. PHAs are a class of polymers with some unique properties which make them functionally equivalent
to many of the petroleum-based plastics that are currently in the market place. However, unlike most petroleum-
derived plastics, PHAs can be attained from renewable feedstocks and easily degrade in most biologically active
environments. Plant genetic engineering, on the other hands, has provided researches to new insights towards
large scale for raw materials productions required for biodegradable plastics such as PHAs. This review highlights
a brief introduction to biodegradable polymers and plant genetic engineering as proper alternative tools for
production of these economically important raw materials.

Keywords: Plant genetic engineering, Plant biotechnology, Transgenic plants, Bioplastics, poly hydroxyl
alkanoate (PHAs).
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