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Table 1. Geographical and ecological data of collected species locations of Smilax
excelsa populations in Mazandaran Province

Code | Species Location Herlrght Longitude | Latitude

CAl, Smilax | Nowshahr, Kheyroudkenar 150 513503 | 363609
excelsa | Jungle

CAl, Smilax Nowshahr, Kheyroudkenar 250 513507 36 35 59
excelsa | Jungle

CAl, | ST\ owshahr- Kojur- Firuzabad | 400 | 512037 | 362857
excelsa
Smilax .

CAl, excelsa Nowshahr Airport 20 512718 364001

CAl Smilax | Nowshahr, Kojur, Firuzabad 670 512528 | 3628 10
excelsa | Road

cal, | Smilax | Nowshahr, Kojur- 570 | 512443 | 362831
excelsa | Hasanabad
Smilax | Amol, Haraz Road to

CAly excelsa | Tehran, after Police station 250 522109 36 22 06

CAlg | SMIaX | Amol-Haraz Road 200 | 522050 | 362831
excelsa
Smilax

CAlq Tonekabon, Dohezar Road 500 50 49 58 3639 25
excelsa

CAly Smilax Chalous- N_amakabroud- 30 511857 3639 49
excelsa | Mesedeh village

CAl, | SMIAX | oo msar- Janatrudbar Road 670 | 503631 | 365210
excelsa
Smilax | Ramsar- Janatrudbar to

CAly, excelsa | Churte Road 750 50 36 18 365203

CAl, | SMHlax | o emshahr, Nezami Road 380 | 525503 | 361312
excelsa

CAl, | Smilax | o van to Glandrood 400 | 515449 | 362836
excelsa
Smilax . .

CAlys Sari, Sari to Dodangeh Road 400 531309 36 1525
excelsa

CAly, | SMilax | o lugah 400 | 532437 | 363747
excelsa

CAl,, | Smilax | \ora 350 | 531708 | 363816
excelsa

CAI: Azin Izadkhah Collection number
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Table 2. Morphometry characters of studied populations of Smilax excelsa in

Mazandaran Province.

Characters Abbreviations
Habit form H
Rhizome: Presence R
Plant trichom PTr
Branch thorn: BT
Stem shape SS
Stem color SC
Stem thorn ST
Thorn shape TSh
Stem trichom STr
Stem height SH
Stem diameter SD
Phyllotaxy P
Stipule shape StSh
Stipule length max StLM
Stipule width max StWM
Stipule length max / Stipule width max StLM / StWM
Petiole length PL
Petiole diameter PD
Petiole shape PS
Petiole trichom PtTr
Leaf shape LSh
Leaf base LB
Leaf margin LM
Leaf tip LTi
Main vein shap MVS
Secondary vein shap SVS
Leaf length max LLM
Leaf width max LWM
Leaf length max/Leaf width max LLM/LWM
Leaf adaxial color LAdC
Leaf abaxial color LAbC
Leaf adaxial trichom LAdAT
Leaf abaxial trichom LAbT
Inflorescent type IT
Inflorescent length max ILM
Flower number in inflorescent FNI
FLM

Flower length max




14

1FoY 5l VP gl o o)l (P 0,90 ¢(68 31 15 (owlids Gy ) (oodke aoliliad

Characters Abbreviations
Flower color FCI
Inflorescent peduncle length IPL
Peduncle length PLe
Peduncle color PC
Peduncle shape PSh
Tepal color TC
Tepal length max TLM
Tepal width max TWM
Tepal length max/Tepal width max TLM/TWM
Tepal trichom TTr
Sepal shape SSh
Sepal length max SLM
Sepal width max SWM
Sepal length max / Sepal width max SLM / SWM
Petal shape PSh
Petal length max PLM
Petal width max PWM
Petal length max / Petal width max PLM / PWM
Stamen length max StLM
Stamen type StT
Stamen shape StS
Stamen axle connection SAC
Pistil Total Length PiTL
Ovary position OP
Style shape StSh
Stigma shape StiSh
Berry shape BSh
Berry color BCI
Berry length max BLM
Berry width max BWM
Berry length max/ Berry width max BLM/BWM
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Table 3. Qualitative characters of stem and leaves of Smilax excelsa populations in
Mazandaran Province.

Code H R PTr BT SS SC ST TSh STr P

CAL climbing | Absent | Absent | Present | simple | green | Present | simple | Absent | Alternate

CAl, climbing | Absent | Absent | Present | simple | green | Present | simple | Absent | Alternate

CAl3 climbing | Absent | Absent | Present | simple | green | Present | simple | Absent | Alternate

CAls | climbing Absent | Absent | Present | simple | green | Present | simple | Absent | Alternate

CAls climbing | Absent | Absent | Present | simple | green | Present | simple | Absent | Alternate

CAlg climbing | Absent | Absent | Present | simple | green | Present | simple | Absent | Alternate

CAl; | climbing Absent | Absent | Present | simple | green | Present | simple | Absent | Alternate

CAls | climbing Absent | Absent | Present | simple | green | Present | simple | Absent | Alternate

CAly climbing | Absent | Absent | Present | simple | green | Present | simple | Absent | alternate

CAlio | dimbing | Absent | Absent | Present | simple | green | Present | simple | Absent | alternate

CAl11 | climbing Absent | Absent | Present | simple | green | Present | simple | Absent | alternate

CAliz | dimbing | Absent | Absent | Present | simple | green | Present | simple | Absent | alternate

CAli3 | climbing | Absent | Absent | Present | simple | green | Present | simple | Absent | alternate

CAli4 | dimbing | Absent | Absent | Present | simple | green | Present | simple | Absent | alternate

CAlis | climbing Absent | Absent | Present | simple | green | Present | simple | Absent | alternate

CAlis | climbing | Absent | Absent | Present | simple | green | Present | simple | Absent | alternate

CAli7 | climbing | Absent | Absent | Present | simple | green | Present | simple | Absent | alternate

oY Jgus

Code StSh PS PtTr LSh LB LM LTi

CAIl1 spiral simple Absent ovate cordate Entire | Acute
CAI2 spiral simple Absent ovate cordate Entire | Acute
CAI3 spiral simple Absent ovate cordate Entire | Acute
CAl4 spiral simple Absent ovate cordate Entire | Acute
CAI5 spiral simple Absent ovate cordate Entire | Acute
CAl6 spiral simple Absent ovate cordate Entire | Acute
CAI7 spiral simple Absent ovate cordate Entire | Acute
CAI8 spiral simple Absent ovate cordate Entire | Acute
CAI9 spiral simple Absent cordate cordate Entire | Acute
CAI10 spiral simple Absent cordate cordate Entire | Acute
CAI11 spiral simple Absent cordate Attenuate | Entire | Acute
CAI12 spiral simple Absent cordate Attenuate | Entire | Acute
CAI13 spiral simple Absent cordate Attenuate | Entire | Acute
CAI14 spiral simple Absent cordate Attenuate | Entire | Acute
CAI15 spiral simple Absent cordate Attenuate | Entire | Acute
CAIl6 spiral simple Absent arrow-head | Attenuate | wavy | Acute
CAI17 spiral simple Absent | arrow-head | Attenuate | wavy | Acute
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Code MVS SVS LAdC LAbC LAdT LAbT

CAI1 arc branched Dark green Light green Absent Absent
CAI2 arc branched Dark green Light green Absent Absent
CAI3 arc branched Dark green Light green Absent Absent
CAl4 arc branched Dark green Light green Absent Absent
CAI5 arc branched Dark green Light green Absent Absent
CAl6 arc branched Dark green Light green Absent Absent
CAl7 arc branched green Light green Absent Absent
CAI8 arc branched green Light green Absent Absent
CAI9 arc branched green green Absent Absent
CAI10 arc branched green green Absent Absent
CAI11 arc branched green green Absent Absent
CAI12 arc branched green green Absent Absent
CAI13 arc branched green green Absent Absent
CAI14 arc branched green green Absent Absent
CAI15 arc branched green green Absent Absent
CAI16 arc branched green green Absent Absent
CAI17 arc branched green green Absent Absent

)Q d.xJUaA 0)9.@ 0gu0 g Jf LSE“S ul—ﬁaﬁ 64IJUG-‘° )‘ J‘”b 6Lb°‘>“> _f QJSA’.
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Table 4. Qualitative characters of flowers and seeds of Smilax excelsa populations in
Mazandaran Province.

Code IT PC PSh TT TCI TTr FCI SSh
CAly umbellate Ig;rlggr: cylindrical i?btgr Ig‘r'ggg Absent !g_rlsg:rg té\le(t)h
CAl, umbellate Ig_rlgehr: cylindrical Bs?btglzn Ig_rlggrg Absent !g_rlggr: te’\é(t)h
CAl3 umbellate Iér'g;: cylindrical Bs(ibtg?w Ig‘r'ggs Absent !!‘r'g:rs te’\elzct)h
CAl, umbellate ;rlgehr: cylindrical Bs?fﬂn gLrlggrﬁ Absent !g_rlggr: te’\é(t)h
CAls umbellate Iér'g;: cylindrical Bs(ibtg?w Ig‘r'ggs Absent !!‘r'g:rs te’\elzct)h
CAlg umbellate Ig;rlgehr: cylindrical BS?SCOP Igr'g;: Absent [g_rlggr: te’\éct)h
CAl, umbellate ;r'ggr: cylindrical Bs?ﬂtflin ;'335 Absent é‘r'g:rt] te’\:z(t)h
CAlg umbellate Ig;rlgehr: cylindrical BS?SCOP Igr'g;: Absent [g_rlggr: t e’\éct)h
CAlg umbellate ;rlggr: cylindrical Bs(igglin ;'335 Absent !!‘r'g:rt] te’\:z(t)h
CAly umbellate Iér'g;: cylindrical Bs(ibtg?w Ig‘r'ggs Absent !!‘r'g:rs te’\elzct)h
CAly; umbellate ;rlgehr: cylindrical Bs?fﬂn gLrlggrﬁ Absent !g_rlggr: te’\é(t)h
CAly, umbellate Iér'g;: cylindrical Bs(ibtg?w Ig‘r'ggs Absent !!‘r'g:rs te’\elzct)h
CAlj3 umbellate ;rlgehrg cylindrical Bs(:gglzn gLrlgehr: Absent !g_rlggr: tel\(le(t)h
CAly, umbellate Iér'g:r: cylindrical Bs(:LtCoI?w Iér'egehrf Absent !!‘r'g:rt] te’\elz?h
CAl;s umbellate ;rlgehrg cylindrical Bs(:gglzn gLrlgehr: Absent !g_rlggr: tel\(le(t)h
CAlgg umbellate Iér'g:r: cylindrical Bs(:LtCoI?w Iér'egehrf Absent !!‘r'g:rt] te’\elz?h
CAly; umbellate Ig‘r'gg}ﬁ cylindrical Bs%tglin Ig_rlg(m Absent é‘r'g:; tel\(le(t)h
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Code PeSh StT SAC OoP StSh Stish BS BCI
CAly Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAl, | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAl;z | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAl, | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAls | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAlg | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAl; | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAlg | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAlg | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAly | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAly; | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAly, | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAly3 | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAly, | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAlys | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAlys | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red
CAly; | Elliptic Free Bottom stuck | Above petal atrophy | Three part round red

ooz ;5 adlllas 3,50 Fyy g il oF Slio saalllas 5 Jol> slaosls -8 Jgam
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Table 5. Quantitative characters of stem and leaves of Smilax excelsa populations in

Mazandaran Province (mm).

Codes SH SD | StLM | StWM /§VL\'I\I<I/I PL PD | LLM | LWM | LLM/LWM
CAl, Above 10 meter 3 130 4 32 14 11 65 55 12
CAl, Above 10 meter 3 100 2 50 14 11 65 55 12
CAl; Above 10 meter 2 110 2 55 15 11 9 85 105
CAl, Above 10 meter 2 70 15 46 15 11 95 9 105
CAls Above 10 meter 35 56 1 56 1 12 7 6 116
CAlg Above 10 meter 35 61 1 61 1 12 7 6 116
CAl; Above 10 meter 35 80 2 40 1 14 9 8 112
CAlg Above 10 meter 35 120 1 120 1 14 9 8 112
CAlq Above 10 meter 25 50 1 50 24 12 65 55 12
CAlyp Above 10 meter 25 45 1 45 09 16 7 65 107
CAly Above 10 meter 25 40 1 40 15 15 8 8 1
CAlp, Above 10 meter 2 40 1 40 15 15 6 57 105
CAl3 Above 10 meter 15 100 1 100 102 | 106 65 57 114
CAly, Above 10 meter 2 90 15 60 14 12 7 65 107
CAl;5 Above 10 meter 15 80 0.7 114 12 14 9 7 128
CAly Above 10 meter 1 21 03 70 12 12 48 35 134
CAly Above 10 meter 1 30 05 60 12 1 75 55 13
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Table 6. Quantitative characters of flowers and seeds of Smilax excelsa
populations in Mazandaran Province (mm).

TLW/ SLm/
Codes | ILM | FNI | IPL | PLe | TLM | TWM TWM FLM | SLM | SWM SWM
CAl, 10 3 13 7 75 11 6.8 10 75 12 6.2
CAl, 10 3 13 7 75 11 6.8 10 75 12 6.2
CAl; 13 4 12 6 75 1 7 10 8 15 53
CAl, 13 4 12 6 8 1 8 10 8 1 8
CAls 1 5 12 | 65 8 1 8 10 8 1 8
CAlg 1 5 12 | 65 8 1 8 10 8 1 8
CAl 12 5 11 | 55 75 12 6.2 95 8 15 53
CAlg 12 5 11 | 55 75 12 6.2 95 8 15 53
CAly 14 4 11 | 51 75 12 6.2 95 8 15 53
CAlp | 12 5 12 | 52 75 12 6.2 95 85 15 56
CAly | 14 4 11 5 7 11 64 9 9 2 45
CAl, | 14 4 11 | 52 7 1 7 9 9 2 45
CAlz | 15 6 15 | 75 8 1 8 9 7 11 64
CAly | 15 6 15 | 73 82 1 82 10 65 1 65
CAls | 17 7 16 | 72 85 12 7 10 6.7 1 6.7
CAlg | 16 7 17 | 75 9 1 9 10 7 1 7
CAly | 17 7 17 8 9 1 9 10 75 1 7
dolol - Jgas
Codes PLM PWM PLM/ PWM StLM | PITL | BLM | BWM | BLM/BWM
CAl, 6 0.6 10 0.5 4 4 4 1
CAl, 6 0.6 10 0.5 4 4 4 1
CAl; 6 0.6 10 0.5 4 5 5 1
CAl, 7 0.7 10 0.6 4.1 5 5 1
CAls 7 0.7 10 0.6 4.1 3 2 1.5
CAlg 7 0.7 10 0.6 4.1 3 2 1.5
CAl; 5.5 0.6 9 0.4 4.5 5 5 1
CAlg 55 0.6 9 0.4 4.5 5 5 1
CAlq 5.5 0.6 9 0.5 5 5 5 1
CAly 5.5 0.6 9 0.5 5 5 5 1
CAly 6 0.7 8.5 0.6 5 5 5 1
CAlp 6 0.7 8.5 0.6 5 5 5 1
CAl;; 6 0.8 75 0.6 5 6 6 1
CAly 6 0.9 6.6 0.5 5.1 6 6 1
CAl;s 6.5 1 6.5 0.7 5.1 7 7 1
CAls 75 1 75 0.8 51 5 4 1.25
CAly 7.5 1 7.5 0.8 5.1 5 4 1.25
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Figure 1. Leaf images of Smilax excelsa populations in Mazandaran
Province.
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Table 7. Leaf diversity results of studied populations in Mazandaran Province.
Leaf Shape

Arrowhead in Galugah and
Neka populations.

Cordate in Tonekabon, Dohezar
Road; Chalous- Namakabroud-
Mesedeh village; Ramsar-
Janatrudbar Road; Ramsar-
Janatrudbar to Churte Road;
Ghaemshahr, Nezami Road;
Royan and Sari, Sari to
Dodangeh Road populations.

Ovate in Nowshahr,
Kheyroudkenar Jungle;
Nowshahr- Kojur- Firuzabad,;

Nowshahr Airport; Kojur,

Firuzabad Road; Kojur-
Hasanabad; Amol, Haraz Road
to Tehran, after Highway Police

and Haraz Road populations.
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Leaf Base

Attenuate in Ramsar-
Janatrudbar Road; Ramsar-
Janatrudbar to Churte Road;
Ghaemshahr, Nezami Road;

Royan; Sari, Sari to Dodangeh
Road; Galugah and Neka
populations.

Cordate in Nowshahr,
Kheyroudkenar Jungle;
Nowshahr- Kojur- Firuzabad;
Nowshahr Airport; Kojur,
Firuzabad Road; Kojur-
Hasanabad; Amol, Haraz Road
to Tehran, after Highway
Police; Haraz Road;
Tonekabon, Dohezar Road and
Chalous- Namakabroud-
Mesedeh village populations.

Leaf Margin

Wavy in Galugah and Neka
populations.
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Table 8. Components total variance of PCA analysis of morphometry data of Smilax
excelsa populations in Mazandaran Province.

Total Variance Explained
Extraction Sums of Squared Rotation Sums of Squared

Initial Eigenvalues Loadin Loadin
Component Yoof | Cumuiatve %of | Cumulatve %of | Cumulatve
0 | verene |~ 96| O | verie | 9% | T | variwe | 9 |
1 12031 30077 30077 12031 | 30077 30077 0938 | 24845 24845
2 6443 16108 46186 6443 | 16108 46186 | 6723 | 16808 41653
3 534 13359 50545 534 | 1339 59545 | 404 | 10110 51763
4 3631 9078 68623 3631 9078 68623 3523 8807 60570
5 3104 7760 76383 3104 7760 76383 3212 8031 68601
6 2548 6369 82753 258 6369 873 293%5 73% 75937
7 1990 4974 81721 1990 4974 81721 2745 6863 82800
8 1382 3455 9118 1382 3455 91182 2452 6130 83930
9 1141 2852 94034 1141 | 282 Ho% | 202 | 514 uoA
10 736 1840 95874
11 582 1455 97329
12 548 1371 9869
13 240 600 99300
14 09 249 99548
15 058 146 9964
16 042 o 99798
17 37 091 99839
18 021 052 0OA1
19 014 (0¢7) 09975
20 004 011 99986
21 003 008 094
22 001 (007) 99998
23 00L 001 99999
24 000 000 100000
25 90BIES 00 100000
26 252JE5 | 6309ES 100000
27 352566 | 8812E6 | 100000
28 L790E7 | 447467 | 100000
29 8026E-16 | 2007E-15 100000
30 7816E-16 | 1954E-15| 100000
31 5508E-16 | 1377E15 | 100000
32 2543E-16 | 6.358E-16 100000
33 853E-17 | 2148E-16 | 100000
3| 9%E | 225 100
2074E- | 5186E-
S [0 e
2o e | e |
7 -63}7665- ].5196215 o
oo e |
A (D% I
40 15 5 100000
Extraction Method: Principal Component Analysis.
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Table 9. Components of PCA analysis of morphometry data of Smilax excelsa
populations in Mazandaran Province.

Rotated Component Matrix®

Component
1 2 3 4 5 6 7 8 9

Leaf length max 953 | -259
Leaf width max 916 | -329 126 | -106
Leaf shape 903 | -245 | -184 152 168 | -121
Petiole length 8% | 227 | 215 248 126
Pistil Total Length 895 | -104 | -175 177 229 213
Stipule length max 892 | -128 .108 152 222 | -251
Stipule width max 832 | 304 | 385 .106 -148
Stem diameter -779 | 259 186 392 279 .166
Petiole diameter 717 | -104 | -403 | -196 -316 269 | -156
Leaf adaxial color 593 | -107 | -130 | -315 -253 | 554 239 | -227
Leaf abaxial color 502 443 107 -193 324
Leaf base -179 | 961 | 137
Leaf margin 239 | 869 | 142 -268 | -178
Berry width max -457 | 856 | 109 | .103 120
Berry length max -457 | 856 | .109 | .103 120
Inflorescent length

-470 | 632 | 171 | 252 381 240 219 130
max
Stipule length
max/Stipule width 253 | 626 | 238 | 588 | -227
max
Stamen length max 434 | 607 | -413 | -187 | .150 121 158 221 | -229
Leaf length max/Leaf

-104 | -905 -152

width max
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Component
1 2 3 4 5 6 7 8 9
Flower number in
-267 | 163 | 824 | -133 | 221 219 A75
inflorescent
Peduncle length 294 736 | .106 400 220 256
Berry length max/
-316 | 227 | 832 142 | -203 | 123 A77
Berry width max
Tepal width max -195 | 164 | -118 | .787 | -221 | .190 -116 | -281
Tepal length max -358 -234 | 726 | -362 | -287 -188
Inflorescent peduncle
156 | 402 | -292 | 658 | -154 -229 | -180 | -344
length
Flower length max 153 A53 | -110 | 917 150
Petal length max 188 | -179 | 174 | -101 | .876 150 194 | -171
Sepal length max 159 367 830 234 249
Petal width max 284 222 .786 257 -253
Sepal width max -336 183 155 326 787 | -288
Tepal length max/
-434 | 142 | -327 | 198 609 | -143 | .302
Tepal width max
Petal length max/
279 | -277 251 862 | -101
Petal width max
Sepal length max /
-104 | -318 129 | -282 | 822
Sepal width max

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 27 iterations.
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Figure 2. Scree Plot of morphological data of Smilax excelsa populations in
Mazandaran Province.
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Figure 3. Dendrogram of PCA analysis of morphometry data of Smilax excelsa
populations in Mazandaran Province.
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Fig 1. Metal accumulation index (Zn, Cr, Pb, Cu, Mn, Ni, Mg) of Cyperus
alternifolius L., Chrysopogon zizanioides (L.) Roberty and Aloe vera (L.)

Burm.f. under water and urban wastewater treatments.
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Table 4. The variance analysis of urban wastewater effects on some
morphological and physiological indices of Cyperus alternifolius L.,
Chrysopogon zizanioides (L.) Roberty and Aloe vera (L.) Burm.f.
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Figures 2. The effects of urban wastewater on (A) the root length and (B) shoot
length of Cyperus alternifolius L, Chrysopogon zizanioides (L.) Roberty and
Aloe vera (L.) Burm.f. The data represents the average of three replicates £

standard error (SE). Different letters indicate significant differences among
treatments according to Duncan's test with p< 0.05.
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Figures 3. The effects of urban wastewater on biomass of Cyperus alternifolius
L, Chrysopogon zizanioides (L.) Roberty and Aloe vera (L.) Burm.f. The data
represents the average of three replicates + standard error (SE). Different letters
indicate significant differences among treatments according to Duncan's test
with p< 0.05.
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Figures 4. The effects of urban wastewater on (A) the uptake index and
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Figures 5. The effects of urban wastewater on (A) the total soluble
of Cyperus alternifolius L, sugar and (B) total phenol contents

The Chrysopogon zizanioides (L.) Roberty and Aloe vera (L.) Burm.f.

data represents the average of three replicates + standard error (SE).

Different letters indicate significant differences among treatments
according to Duncan's test with p< 0.05.
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Figures 6. The effects of urban wastewater on (A) the total flavonoids and (B)

of Cyperus alternifolius L, Chrysopogon zizanioides (L.) total anthocyanins

The data represents the average of three Roberty and Aloe vera (L.) Burm.f.
replicates + standard error (SE). Different letters indicate significant differences

among treatments according to Duncan's test with p< 0.05.
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Figure 1. The chart shows the exposure of Acanthamoeba castellanii
trophozoites to different concentrations of calcium hypochlorite (1-10 ppm)
in 30 minutes, 1, and 2 hrs.
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Figure 2. The graph shows the exposure of Acanthamoeba castellanii cysts

to different concentrations of calcium hypochlorite (1-10 ppm) in 30 minutes,
1,and 2 hrs.
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Figure 3. Ultrastructural changes of amoeba exposed to calcium
hypochlorite. A: It shows cell membrane changes, the creation of pores on
the trophozoite, and bubbles caused by the destruction of the trophozoite
membrane exposed to chlorine using a field emission scanning electron
microscope (FESEM). B: It shows an increase in the number of vacuoles,
changes in mitochondria, and a decrease and change in the number of
pseudopods of the trophozoite exposed to chlorine using the transmission
electron microscope (TEM). C: It shows the change in the endoplasmic
reticulum structure and the presence of bubbles caused by the destruction of
the cell membrane of the trophozoite exposed to chlorine using the TEM. D:
It shows the presence of dense granules caused by the cellular changes of
trophozoites exposed to chlorine using the TEM. E: It shows the changes in
the nucleus and the presence of lamellar bodies caused by the destruction of
trophozoite mitochondria exposed to chlorine using the TEM.
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Figure 2. Effect of pistachio seedlings treatment (Ahmad Aghaei cultivar)
with two strains of Enterobacter cloacae (T) and Bacillus cereus (W)
bacteria, in conditions of availability and deficiency of iron, on fresh weight
of shoots (C is considered as control plant not treated with bacteria). The

means were compared by LSD test. Values are + SE. Same letters indicate no
significant difference at the level of P <0.05.
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Figure 3. Effect of pistachio seedlings treatment (Ahmad Aghaei cultivar) with two
strains of Enterobacter cloacae (T) and Bacillus cereus (W) bacteria, in conditions
of availability and deficiency of iron, on dry weight of shoots (C is considered as
control plant not treated with bacteria). The means were compared by LSD test.

Values are + SE. Same letters indicate no significant difference at the level of P
<0.05.
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Figure 4. Effect of pistachio seedlings treatment (Ahmad Aghaei cultivar) with two
strains of Enterobacter cloacae (T) and Bacillus cereus (W) bacteria, in conditions
of availability and deficiency of iron, on photosynthetic pigments of leaves (C is
considered as control plant not treated with bacteria). The means were compared
by LSD test. Values are + SE. Same letters indicate no significant difference at the
level of P <0.05.
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Figure 5 . Effect of pistachio seedlings treatment (Ahmad Aghaei cultivar) with
two strains of Enterobacter cloacae (T) and Bacillus cereus (W) bacteria, in
conditions of availability and deficiency of iron on lipid peroxidation of membrane
(Cis considered as control plant not treated with bacteria). The means were

compared by LSD test. Values are + SE. Same letters indicate no significant
difference at the level of P <0.05.
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Figure 6. Effect of pistachio seedlings treatment (Ahmad Aghaei cultivar) with two
strains of Enterobacter cloacae (T) and Bacillus cereus (W) bacteria, in conditions
of availability and deficiency of iron on soluble carbohydrates of leaves (C is
considered as control plant not treated with bacteria). The means were compared by
LSD test. VValues are + SE. Same letters indicate no significant difference at the
level of P <0.05.
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Figure 7. Effect of pistachio seedlings treatment (Ahmad Aghaei cultivar) with two
strains of Enterobacter cloacae (T) and Bacillus cereus (W) bacteria, in conditions of
availability and deficiency of iron, on proline content of leaves (C is considered as

control plant not treated with bacteria). The means were compared by LSD test. Values
are = SE. Same letters indicate no significant difference at the level of P <0.05.
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Figure 8. Effect of pistachio seedlings treatment (Ahmad Aghaei cultivar) with two
strains of Enterobacter cloacae (T) and Bacillus cereus (W) bacteria, in conditions
of availability and deficiency of iron, on protein content of the leaves (C is
considered as control plant not treated with bacteria). The means were compared by

LSD test. Values are + SE. Same letters indicate no significant difference at the
level of P <0.05.
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Figure .9 Effect of pistachio seedlings treatment (Ahmad Aghaei cultivar) with two strains of
Enterobacter cloacae (T) and Bacillus cereus (W) bacteria, in conditions of availability and
deficiency of iron, on total phenol (C is considered as control plant not treated with

bacteria). The means were compared by LSD test. Values are + SE. Same letters indicate no
significant difference at the level of P <0.05.
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Figure 10. Effect of pistachio seedlings treatment (Ahmad Aghaei cultivar)
with two strains of Enterobacter cloacae (T) and Bacillus cereus (W)
bacteria, in conditions of availability and deficiency of iron on Fe content of
leaves (C is considered as control plant not treated with bacteria). The means

were compared by LSD test. Values are + SE. Same letters indicate no
significant difference at the level of P <0.05.
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Table6. The results of morphological and biochemical identification according to
Bergey et al. (1984)

S s ) Coi
pod | (55 o | ol | s | 6 | 1| e | TSI | gt | s
el wlis

Actinomyces - R+ | - - - - - AA - . HS1

Bacillus + R+ - + - - + AN+ + HS2
Acinetobacter - R - - + - - - AA - + HS3



e g 0081 UL 31 i Slgo oS 4355 s L 5l Al g silulas 1.
et 99 NC ((aladd) 50 8 K (o) 0,5 A (S5 ol Lo R
o Lgis KIA G9=5Y ¢ 55605 s yle sl,ls :A/A (No change)
Sl 1y Sl jees
R: Rods shape; A: Yellow (Acidic); K: Red (Alkaline); NC: Not

change; AJ/A: able to usr Glucose and Lactose as Fermatation
source; K/A: Only can use Glucose as fermatation source

45 35 o1 oS 9l (S3elsh g0 (i wile i oo tine Slislejl @b
sl il oo b wskewl 5T HS2 salsil 5 bblemsiST 5l HSL eyl
Al ololes Slgiiul olsie 4 50 HS3

&' 16SIRNA 3 PCR Jgame b JIgs 5l Job> mli 1 Jgdgo olwluls o
Lok 0,90 sbaslas Jlgv b ol cudy NCBI ools oSOl (o alas 4w jo
slas o 008 Slulis 5 oud awnlin oL (pl o ol b sbo Jlg
Maximum  Jao L MEGA 7.0.26 13381 s, 5l colawl L 55l
Olsie 4 Pseudomonas aeruginosa PAOL 4 g .aios v, (ML)Likelihood
Nocardia SP. jleie 4 caled 71+ L HSL saslas ol bl 09,8 49
L HS3 4o ¢ Bacillus subtilis lgic 4y coals 7 A0/FF L HS2 saylos

Aol olels Acinetobacter baumannii ;ylsie 4 cals 7. AA/44



1) [ Sl VP by o) oslosds P 090 ¢85l (cwbids o5 (olke anbiliad

—— MN099126.1 Nocardia sp. strain LD-11
90

85 ——— MK875969.1 Nocardia asteroides strain NRK71

100 MK301167.1 Nocardia asteroides strain B543

—— MK841332.1 Nocardia neocaledoniensis strain NRK66

96
L——— LC435649.1 Nocardia sp. SC049 gene for

@ Hs1

PA4627. Pseudomonas aeruginosa PAO1

HSL salsp) Gjsks o o —1) S
Figurell. Phylogenetic tree of HS1 isolate

HE610779.1 Bacillus subtilis strain BD18C2ACC-E01

70

45 HQ238545.1 Bacillus tequilensis strain S413Ba-27

100 AF274248.1 Bacillus subtilis strain C15

AF274247.1 Bacillus subtilis strain B2-00 1

66

AF274246.1 Bacillus subtilis strain B2-0

@ HS2

PA4627. Pseudomonas aeruginosa PAO1

HS2 syl S5skd oo 0 =Y JSCi
Figurel2. Phylogenetic tree of HS2



w9 0091 GBS1S 31 5 Slge oS a1 325 slas 3 iSL (G3lw A g gilwlas NIV

— MT186256.1 Acinetobacter baumannii strain 1 20
45

65 —— MT150124.1 Acinetobacter baumannii strain SNH-52E

91 L MT138752.1 Acinetobacter sp. strain KPC-SM-17a

100 MN315377.1 Acinetobacter baumannii strain TA1 PS

MT138751.1 Acinetobacter sp. strain KPC-SM-125

@ Hs3

PA4627. Pseudomonas aeruginosa PAO1

HS3 salgpn! J5skd a0 1Y STl
Figurel3. Phylogenetic tree of HS3

G5 4l g S
A plodil (6l gl e 6"‘39—” Gblw slasSls 5l gadow cpl jo
Ol oS e Led a8 (28 b e )3 w0grge sl S cutS a5k 5l
S ain LS ylgie 4y ol 5l eolawl as ol8 as lodsw g dbw &
A S o ooly s S b sl ads e ol o aiad gilvlas o
mals e 0 anS ol (i glen,Sg e ool L aags auilys aslos
LS 5 e ad (@I GCIMS §FTIR SS90 5l ool wl Lo o s
g pasuine s S Collad 5l e sdn S s 529 5l Jel>
) . o T e (i "
ol ailosiz Ssleg)l slacn Sg s (b sl 3ol (n Hpte 3l (S

oLl aond LSl 5 Slss ool (goslall 35 &l ;e 4y a>gi Ly 45 o PAH

1. Polycyclic Hydrocarbon Aromatics (PAH)



PEY [0 lay VP by o) oslosds X8 090 ¢85l (ol o5 (olke anbiliad

33,5 (sloa—ee I 59, Jlwa—ine) aTlgi o Sl 5 (Lol
02l gaigas a5 ols L FTIR 5l ol claci b 5JUsT Jain et al. 2011)
iy j5a 10 48 035 Sileg)] ole sliog, 5L Lo slacsly Iyl
Ol il ool sl S g oad  2a8 SloS 5 ol lie (2L 55T
22 Ol g bl Sl S5 el 09,5 jo > ;K00 0o (G4 S5 aloa s
Locs ST oyl 45 o e s e sl gy ol Sl (sygms (g5l (slodigas
oYU slaaaseie 4 wiles, S bas I oS an ], e gare OluS 5
GCIMS g, Lo Silog) slmsn) S50 (loolid bl oo Sk S
L LS ilog, T s s LSOT S ey o8 gy (] @8l o s iy S
De Carvalho Rocha & ) ol oo (u)5g,0p SluS 5 plw g a LSIT slayy s
0ol gaigas 1o 45 ol 5t GCIMS 5| s> laca_b 5JUsT (Sheen 2019
o=l 2lerSh slaaig joao o Lal as s joda ooz ()59 )0 SLaS 5
m S 90 peiorad SIS (6 ks 20lS L g as) oy 5 S L LS 5
3o Syl ool sdalie ol iSU sladygw joa 0 Soslw sl
el Laadgnl ol gay o o Laadgpl Jooud Il SUls5 (gonnlin
Nocardia sp. Los,)5g a5 S Jolds a5 0l s ol gulos as was
Acinetobacter  glsg :SLgi—wl g Bacillus  subtilis ool o wgl b
Xisgs baumannii
3eS1igs s |y g Sy,0mm Shals a5 Uy LaplS 3 S
(s G Sl 0 a8 (Ghso p3 50l Jshw go0s 5 ol S
gs g o 5 o o5 Sl 4y Buss g2 Bl LIS sl 4y baoasyYl
GCIMS 5FTIR j J—ol> ml i , ol> 5 a= 5 (Souza et al. 2014)



w9 0091 GBS 1 b5 Slge 0uisS a1 325 (slas S Gilw Al g Gilwlas 1
Sl 5 (52,5 9 )0 otz Ol e—iored 5 00l (6 pSe i
YR W PR Lsﬂ

L2305 oS 0 (g3lsliz Loty 5| Sy 1ol Bk 5o
og,S ol il e awlivnlogiaST oolgils an slaie Lo mSLgsST .09
=l s sasie agil slacdaplio v Jy oUls J s an Lo s

i Lag xSL ol ailoas as bl pss 4 dyg )l (slopudlS s e
b U gla i) slag xS 5log, 5 ol asiloas gl el SLs sl
ooz sl ek w il o g wla il )55l o5 A SLs 5 Cnn
osls lis alize sl jo (Shahaby et al. 2015 )aulei asjos |y g
At LS8y g dJes A ol 8L e wpegiaSTa S cwl oo
Thampayak et al. 2008; Lakshmipathy et al. 2010; Chakraborty €t )
Slos (ga o0 Ay ColiSE g wgn Wdgi (puilo o a5 jshilan o (al. 2015
Oy S |y 00l ol Gt (g0 S d o sladgw § WS 0 S S
G4 9= 3,5 o (Kumari et al. 2012 ) oS o oy sl o0 sl Sy
5 Zeinali (Nocardia ofitidiscaviarum) pg,bglS—wus gl Lo, IS TSH1
I Q_.M:lj.';.ﬂj Orlid GlaS 5 el Jold g ol aS adles, S ol o) Ken
Sh g 45 s bl o uien Loyl (Zeinali et al. 2008 ) oS 4y
s o, LSen g Kalme .(Zeinali et al. 2007 ) szwa (PAH) (ol 4al>ai
Kalme al. oS asjo0 1) 59,5 9 (i 95led oo L0, 8574 S Wiloo,S™ 5158
20 999 g yol> islosl 5l ol mls Ly slaa sl ol (20086t
LS 5 (HS1 sadgpnl) Lo, 607 (s g 45 o ools lis 3 ol ioles]

O-H lls ol 55 g 03,5 B> Ml 51, C-C gail> sl ls S—slag)]



1O | 1Y Loy ¥F by o) oylosds P 090 ¢85l (ol o3 (oke anbiliad

3 d—ol> FTIR G (o aas o ralS aald abged do o |, Silag,|
UL 0 e iomen 00y = olge (gan i ol 4 S Wal snalise ool
Lo, 0557 jg—im 1 walld (sdsges 4 Cumid (5 00l Lo LSITGC/MS
sols s aliie ladss L bwlypb ,ol> islel jo plpli as sonliv
é_ﬂ Slgo 3 g yoslw dlgs a2 Slgs (gan i A L8 Lo, Bgia S 0l
ASb o
GOIS 4378 Gag Olsie d ol (alajl j0 4 (6,500 s
Al ool i g 09 (HS2 (saslo) kg w jwalewl s olwlis s
OS5 g 00 4325 MalS s Seleg, | OS5 dygas (ol yoia> 40 45
S8 5 n5le ool Lo LSl g ol (55l (s4is0s GCIMS ks 5o
orosbl 155 S0 00l aall (gaigel )0 9 ge (Sodmm (54T 90
Gl 00l (0,155 g s Olados o s OS5 (gam o8 )0 Leelilow
.(Das & Mukherjee 2007; Montagnolli et al. 2015; Darsa et al. 2014 )
aJsi g s Sl agsw o (Arjes et al. 2020 o iliSE swgu

a Loz 5licwl oo oolo oyl Ligw sl wl lo g ColSE )9 wgu

I aaaa

30 ColiSE g g A Al oly pndlSe S a5 00 5 s o)L 5 Arjes
ks Ll b o Lsd cpdad aile Lol oo Geelitis—w ol
ol =5 oL g Parthipan .(Arjes et al. 2020 )oo,-5 o )5S
9y S e la 25 Loyl L olyan LSS 5g 4 wo S

G—as o (Parthipan et al. 2017 )og-i s uodvgw Guglwl lags ols



w9 03901 S I k5 Slg s 41325 s xSL w Al g Gilwlas VP
ovsbl a S 0l ool lis ol 58 aliass L bl 0 ol
ebley Jdo ag Vsl as R PPN VE-EWRLAR- TR WS T TIPS I DOV A4
ol 555 ol gy LSS j5nses 55

g &Lof).‘.rbf.‘.‘_‘u/ddag_w N ) LS'l_“L"“" Lsd_ijf‘ e gt
oolitul g Sslog,l SLS 5 dn o Uy Lo,5Tgri w5l (6 )l sladsgw
ColiSE g mgr 3 L a5 59k aslo 1) S e Lo lgie 4 lagy] |
10,5 ool WIPAH Gl 5 sn 5laaSh g o i jo ba mShg il
slpa e85 YooV Jw o o]l g Mishra .(Vanbroekhoven et al. 2004
Mishra )ass S (g5luwlos e ay oos ] slaSLs i) a5hai o/ ) alise

0dwy Aol ol dn 09 5 Sladed b 3o o, 9 Gallego et al. 2001

Ol i (o ySlgiiml (S5 S5l (29,500 il L aS o]
Sy e 0dal_iw 035 I sl aSL 5 o i slacp,Ssu e da
9 Sk il g oSeTgs 5l ol wl e L5 (Gallego et al. 2007 )
et oy 5Tt 5 5Ly L 55, 5 025 e ol 4 LSol
A odalie j 3ios ol jo (Nakamura et al. 2014 ) coul oouw, SLSI
00,5 o ool sla LsIT 1, sommen SlLuS 5 g ool rals el o
e Ty e e e R
lio Slalllae plw L bul)eo Laa 8l ol ga o a5 aio i conl e

ol g8 SlS 5 sa iy Tlogy ,IThalic] 5 goaisS aul
a4 QLM:—‘ ‘;w)....,.‘o (s 6OJ_~S 4_3).7u (_gl_ﬁébs_w ) 6L®§f$ )‘ é



1V [ 5l YF by o) oylosds (X8 090 ¢85l (ol s 5 (olke anbiliad

Loy gaalolay jold calides bl i o aS aiiwe SLs 0 04250 9,500
S mniny  Lap] (S8 S an Laaygs ol 5l oolial aiily o
2 olml a8 ol as g b asled Jepad 1) (oYl 5 sl b Wil o YL
i 5l il sl Sos Il il o (25 plsd glls sloys a5 (55,5
e ol 3l sl me e 3 ool (ol oSt 5l (S T oS5 pnee
el 00l (goaaie IS e j9,m A yomie (6 )k O4l90 40 A el wies ) )|
SloinSo a5 i an i QUIE L segm 2l ySL sl Lol
oml bz glac LB sy50 50 Lo alST 5 il (ualidl iz 5 (i
25 ot Sl pLS ok 0051 (SlpinassST (g )50 £9-5 5 Loty
e S 5 (Srio Gl wolie gl Lo 2L ol 5l osliiul cg
U ol YU s sl o s sl S5 T lpre 48 Loyl 51
oS A (oag— Lo Ll (58 (omte Lo a8 Sl (e
0,05 o o 58 95 ol )0 i 99, (5 slagn Sg 0

Sl sogm sloaig Olsme an (o Jbsie ol g eodiligw upheil

L =i dlgs (g joxd 5o Loyl elsi g was g3lwlas o091 sla | s
osills sl Uil 4y o5, o dsel A o0l L5 GCIMS 4 FTIR iyl
Sz o Lagl s 05 azm i ey 5 Gl Lol s Koo 5 (it @l
lssrn o s el gy i e i 585 sl Soyl] i
50,5 08l Laigy b 4y iy 6y lnsly 5 Sl caiy o b wond
ol Al 45 009 00 8 Sliole;l 5 yidon Sladlle oejls e o)
S oolaie 5o cid (YL 5l plsn L asjlo s Lagl any eions b

Sged oolaul



w9 03901 S I k5 Slgo suiiS a1 325 (S5 xSTL (g 5lw Al g (il 1¥A

&l o 1

Abdel-Shafy H.I. and Mansour M.S.M.A. (2016). Review on
polycyclic aromatic hydrocarbons: Source, environmental impact,
effect on human health and remediation. Egyptian Journal of
Petroleum. 25: 107-123.

Arjes H.AA. Vo L. Dunn C.M. Willis L. DeRosa C.A. Fraser C.L.
Kearns D.B. and Huang K.C. (2020). Biosurfactant-mediated
membrane  depolarization maintains  viability during  oxygen
depletion in Bacillus subtilis. Current Biology. 30(6): 1011-1022.

Bergey D.H. Hendricks D. Holt J.G. and Sneath P.H. (1984). Bergey's
Manual of systematic bacteriology. Vol. 2: Williams & Wilkins.

Chakraborty S. Ghosh M. Chakraborti S. Jana S. Sen K.K. Kokare C.
and Zhang L. (20154). Biosurfactant  produced  from
Actinomycetes  nocardiopsis  Al7:  characterization and its
biological  evaluation.  International ~ Journal  of  Biological
Macromolecules. 79: 405-12.

Darsa K.Thatheyus A.J. and Ramya D. (2014). Biodegradation of
petroleum compound using the bacterium Bacillus subtilis.
Science International. 2(1): 20-25.

Das K. and Mukherjee A.K. (2007). Crude petroleum-oil
biodegradation efficiency of Bacillus subtilis and Pseudomonas
aeruginosa strains isolated from a petroleum-oil contaminated
soil from North-East India. Bioresource. 98(7): 1339-1345.

De Carvalho Rocha W.F. and Sheen D.A. (2019). Determination of
physicochemical ~ properties  of  petroleum  derivatives and
biodiesel using GC/MS and chemometric methods  with
uncertainty estimation. Fuel. 243:413-22.

Doostaki M. Ebrahimi S. Movahdei Naini S.A. and Olamaei M.
(2012). Optimizing conditions for biodegradation of petroleum
hydrocarbons by native and non-native microorganisms. Water
and soil conservation researches. 20(4): 165-181. (In Persian).

Gallego JL.R. Garcia-Martinez MJ. Llamas J.F. Belloch C. Peldez Al
and Sanchez J. (2007). Biodegradation of oil tank bottom sludge using
microbial consortia. Biodegradation. 18(3):269-281.

Gerhardt K.E. Huang X. Glick B.R. and Greenberg B. (2009).
Phytoremediation  and  rhizoremediation  of  organic  soil



1A | IR Sl VP by o) oylesd P 090 (68,95l (ol o3 (olke anbiliad

contaminants: potential and challenges. Plant Science. 176: 20-
30.

Greer C.W. and Juck D.F. (2017). Bioremediation of Petroleum
Hydrocarbon Spills in Cold Terrestrial Environments. Pages 645-
660 in Psychrophiles: From Biodiversity to Biotechnology:
Springer.

Hongoh Y. Ohkuma M. and Kudo T. (2003). Molecular analysis of
bacterial microbiota in the gut of the termite Reticulitermes
speratus  (Isoptera; Rhinotermitidae). FEMS Microbiology
Ecology. 44(2):231-42.

Jain P. Gupta V. Gaur R. Lowry M. Jaroli D. and Chauhan U. (2011).
Bioremediation of petroleum oil contaminated soil and water.
Research Journal of Environmental Toxicology. 5(1):1-26.

Kalme S. Parshetti G. Gomare S. and Govindwar S. (2008). Diesel
and kerosene degradation by Pseudomonas desmolyticum NCIM
2112 and Nocardia hydrocarbonoxydans NCIM 2386. Current
Microbiology. 56(6): 581-586.

Khosravinodeh M. Abbaspour A. Ebrahimi S.S. and Asghar H.R.
(2012). Phytoremediation of a fuel oil-contaminated soil using
alfalfa and grass with pseudomonas putida bacterium. Water and
soil conservation researches. 20(4): 219-234. (In Persian).

Kojouri M. and Ardestani F. (2018). Isolation, identification and
evaluation of oil hydrocarbon decomposing bacteria  from
contaminated areas of oil fields. Advances in Environmental
Technology. 3:139-147

Kumari B. Singh S.N. and Singh D.P. (2012). Characterization of two
biosurfactant producing strains in crude oil degradation. Process
Biochemistry. 47(12): 2463-2471.

Kumar M. and Khanna S. (2010). Diversity of 16S rRNA and
dioxygenase genes detected in  coal-tar-contaminated = site
undergoing active bioremediation. Journal of applied
microbiology. 108(4):1252-62.

Lakshmipatny T.D. Prasad A.A. and Kannabiran K. (2010).
Production of biosurfactant and heavy metal resistance activity of



e 3 008lT GBS 31 (345 Slgo ouidS 41325 s ySL Gilu A 5 silulaz 10+
Streptomyces sp. VITDDK3-a novel halo tolerant actinomycetes
isolated from saltpan soil. Biological Research. 4(2):108-15.

Mishra S. Jyot J. Kuhad R.C. and Lal B. (2001). Evaluation of
inoculum addition to stimulate in situ bioremediation of oily-
sludge-contaminated soil. Applied Environmental Microbiology.
67(4): 1675-1681.

Montagnolli R.N. Lopes P.R.M. and Bidoia E.D. (2015). Assessing
Bacillus subtilis biosurfactant effects on the biodegradation of
petroleum products. Environmental monitoring and assessment.
187(1): 4116-4118.

Nakamura F.M. Germano M.G. and Tsai S.M. (2014). Capacity of
aromatic compound degradation by bacteria from Amazon Dark
Earth. Diversity. 6(2):339-353.

Nogales B. Lanfranconi M.P. Pifa-Villalonga J. and Bosch R. (2011).
Anthropogenic  perturbations in  marine microbial communities.
FEMS Microbiology Reviews. 35(2):275-98.

Okerentugba P.O. and Ezerony O.U. (2003). Petroleum degrading
potentials of single and mixed microbial cultures isolated from
rivers and refinery effluent in Nigeria. African Journal of
Biotechnology. 2(9): 288-292.

Papi Z. Ghasemi Ghojani S. Shafeinia A.R. Alami-saeed K. and
Khalili moghadam B. (2016). Isolation and Identification of crude
oil degrading bacteria from oil-contaminated soil areas in
Khuzestan, Iran, (Thesis).

Parthipan P. Preetham E. Machuca L.L. Rahman P.K. Murugan K.
and Rajasekar A. (2017). Biosurfactant and degradative enzymes
mediated crude oil degradation by bacterium Bacillus subtilis Al.
Frontiers in Microbiology. 8: 1-14.

Sarkar J. Kazy S.K. Gupta A. Dutta A. Mohapatra B. Roy A. Bera P.
Mitra A. and Sar P. (2016). Biostimulation of indigenous
microbial community for bioremediation of petroleum refinery
sludge. Frontiers in microbiology. 7:1407.

Shahaby A.F. Alharthi A.A. and Tarras A.E. (2015). Bioremediation
of petroleum oil by potential biosurfactant-producing bacteria
using gravimetric assay. International Journal of Current
Microbiology and Applied Sciences. 4(5): 390-403.



1OV | FY Sl VP sl o o ylod FF 0,90 (90 3,15 (ol Coumny § sode aolibiad

Souza E.C. Vessoni-Penna T.C. and de Souza Oliveira R.P. (2014).
Biosurfactant-enhanced hydrocarbon bioremediation: An
overview. International Biodeterioration and Biodegradation. 89:
88-94.

Thampayak 1. Cheeptham N. Pathom-Aree W. Leelapornpisid P. and
Lumyong S. (2008). Isolation and identification of biosurfactant
producing  Actinomycetes from soil. Research Journal of
Microbiology. 3(7): 499-507.

Vanbroekhoven K. Ryngaert A. Wattiau P. De Mot R. and Springael
D. (2004). Acinetobacter diversity in environmental samples
assessed by 16S rRNA gene PCR-DGGE fingerprinting. FEMS
Microbiology Ecology. 50(1):37-50.

Weisman W. and Group TPHCW. (1998). Analysis of petroleum
hydrocarbons in environmental media.Vol. 1. Amherst Scientific
Publishers 98 Pp. Massachusetts.

Wolicka D. Suszek A. Borkowski A. and Bielecka A. (2009).
Application of aerobic microorganisms in bioremediation in situ
of soil contaminated by petroleum products. Bioresource
Technology. 100(13):3221-7.

Zeinali M. Vossoughi M. and Ardestani S. (2007). Characterization of
a moderate thermophilic Nocardia species able to grow on
polycyclic ~ aromatic hydrocarbons. Letters in Applied
Microbiology. 45(6): 622-628.

Zeinali M. Vossoughi M. and Ardestani S. (2008). Degradation of
phenanthrene and anthracene by Nocardia otitidiscaviarum strain
TSH1, a moderately thermophilic bacterium. Journal of applied
microbiology. 105(2): 398-406.



w9 03901 S I k5 Slgo suiiS a1 325 (S5 xSTL (g 5lw Al g (il 10Y



Vol.36, No.1, Sering. 74, Spring 2023, p.153-178 WASNOY (o 0F-Y JooF by ) ofel XF o0
Article type: Research Paper gy allie go ‘
VENNNYY Gy G VEV 0N il o b VN,
https://jab.alzahra.ac.ir = =& colo oy
d . | https://doi.org/10.22051/jab.2023.41224.1500

E The Quarterly Scientific Journal Of Applied Biology 2 s (0 i s ol il

oS g $T JUSlo 9 Cdld g o 1030936 1wy 9
(LDP) by P9

Yol o Aot (o2l e Loy Lo (6055 i yh M ylgite (Sl e

PRV

01.1_’;; u/JP}.o O Le;[djjj uL:a/;M) .h._?u 4 ULJ}JL 99,9 rdodlo
et sl 553055 To 55y i il oo b Ay Ll 355 iyl o Ligo )
Il i o yobiio dn id o ol Jo .A_DJJL,J{:JL}' comi ly Ll o> 5 aslis
u/)_u.vsLJLJ ,o,.u_..quLL._..fL..; ;A_.f).;}np.’)_:/)_’ (nCUO)L)M_o M/OJJ}JL’
i8S 1,5 IG5 ,00 NCUO L0 oy il Ll g ol
4 L;)/",(_é_"MCLA_‘dej SPSS J/)J/,A/._:)/a.)/.b_w/b uL“[’ CDL.JJJ.J_M; L;ﬁfojh_;/
sloc Lle 5 o o I il ols Ol alllao jl.a 8,5 1, 5 o Lol 2T 0,5 0 ao o
a.)[éf_w/o)d'}ib')}_‘é}jd M)—’/";)L)Lha) C)L,_M.u‘_s_wjjaj}_éﬁd 4 AJJ}JL:UG_LZA
Juf‘"’/jl’ Ot S u:_ﬁl.:;u slolos 52> 0 ol oo L‘)_”;/)’/.J_JJ;
LS ooldiw] o jil-0,39l0 iiSileo 43 50 (slog i 207 diilo  Keolissgo,s

A plas o syl ino g @ NCUO 4 i> 10 oy 55T o lad :Cmrs g gos i
009z dy Loy yo o il a8 o i ol Glis Lioli 8 asls diged ) Cod duoyd
=S digad d Comnd do 0 15 ) i a5 o 0,303 | Yaogil i VA L Ae c blé
S bl a4 Al L;‘:l_@ 9 o)o}’b’)g)o S il o6 oS 8l il 6]
Lo (AH?) (il 5 AS®) (il ol SSoolipope i sloyial b sl yial s
O o S S duilmo VAN g /) A el o)oyuumﬁ/’wxu O
Sl el a8 ] 0 gdg e L;Low&L:.a opo it 020 L dlo ol b
Ol 45 ] il oains Ui (AG®) i STy ofiT (50l ol phi 05 dio S0
g0 S ($997005F g g 03 sl Al

995y (s Lo yiiSTlio oyl y gl o Sroliygo i slopiolyl (guls Olals

92 95 oSzl el pode aaS iy ¢ Jo g Jolows il Cy 5 09,5 Ll 3 Jgmino i g9 .
Riahi.ali@gmail.com : gz ey a9

poe 5 ad, i (65T 5SS g pode oK oy (55T STam 09,5 (il wlid IS A S gel iils Y
Ol obo,S s iy (6 ,5ld 5 aio heoST Edeass oKl o iy

Ol e e S pele oKl Lokl ¥


mailto:Riahi.ali@gmail.com

(LDP) U155 p g1 s 3oy o 31 3Ll 9 Cedlad s o ST 0,396 51 gy 1OF
doddo

sl 5l S BBl a8 SLS 5 5 olge) &35l 5 ool ul o3,
Sydany yamis gla Sy s 4 (il agli Ve e ) (e o] (60, Skae
JEo 50 958l 595 ok 4 il Lol slal g ojlasil 5l (26 095 a5 Lo
3 e oolaz il g aJgs .(Ball, 2002; Brandes et al., 2006) el yl;-3l
- G liee lapiwpwsS] an @S ol olel, an 1 ovie Wl e 3935 a
5 y—an Ol 5l Sle G lize Olsllas (Monica & Cremonini, 2009) 54—
5l a1 5 S sLaadslsil g mas e (sl SLS 5 L
caliza glaplasl o eizmen 5 oS iolojl b o (5,5l slaslw s,
.(Brunner et al., 2006; Lee et al., 2008) coul a5, alox> 31 o), 5l> o

Lees a5 Y (s (6 i STy 9 Yo 05mg s Lo (518 D335
Lo asls oo 4y W92 Cdzr (Joene (Supd (uled Lags ol s
Wang et ) oo ,5 wda Lo Jolw lawgi 5 ams (iuSSloe cwsy slonsioy
Cymog—dl oo Ly 0lgs o 5L ulde 4o (CeO,) oS o3, .(@l.,, 2005
Patil et al., ) o5 iz an,y Slb,w slaJolw lawgi g ans i Sly golS
aS Wigd Lo yuigym o g, w ol s el auly o 34505 (2007
(Brandes et al., 2006) o=,135 —s 51 LesT Su5edsm slo zaSTly — Lagas
5 Lo T s Jales 53 (ool i w350 JSt 5 s (ou o3l
(Saptarshi et al., 2013) s ,ls o y.ig y

Pl azg b oo ST 035U 5308 08T 2350 L S
b ams YU Jly 5 sles 5 (s iy STy Ly ol aibe Lyl Gl
Gy g bl pl jo a S cul Jdo s ay alos , S > 045 an |

.\_s‘d_d)f )‘)J ool S yg—0 Jl_a).'j.d ‘_ng).')lS 9 w‘)i ra)‘s_l g)lj



100 | 1Y Sl VP sl O o ylod FF 0590 (90 3,15 ol Coumns § sode aolibiad
89y y— 03— plil sla —w,, (Chang et al, 2012; Dai et al., 2000)
5(La” s Mg Na) La s SoS L posS oS aiy, g CUO i
aile (elge 5 (Slgdlg (5 Jomgd maiw 9iile) Lo 2iliS 19w (e
4 0,563 ol a5 ols i s T &g o Seigl sl S_S5 g NayEDTA
SELSe O lo it ;5 5 39,5 oo @iz oS (nl aly) bawgs Db
5CUO 0,39l , gy o> ccl NQUEDTA sly o 53,5 o J—ate ,] 4y

(Zhou et al., 2011) o ] yigo o ami o

=l OlgSo 5 00t g8 Sl 53 00 S g by Slae STy 5]

Sl slactl s Laphal (an « olS sladsbow i 5l Gl ], o 3]
09,5 S5l 5 Sl L3S 90500 ST 09, 5 5 jlag STy 55T 05 g5
Yol Lol (JoSge (359 e0gatne ol Szinsg 09,5 Slyicay o
e wS g bay Lags sl ol (Welinder, 1976) el jodls ¢ LSVO- LS
SLes805 9 eeh Fi g dirg ¢ coagtin 5 (soubgtuns Lol
5o Lasla ST, el Jdo 4y (Hamid et al., 2009) osjls o 5,lS b

(LDP)  Lepidium oS 5l jlauSTyy oaisl 00iS oS 05 5l e 655 )5iS5 g
5 09l Ecoli s j0 o g s g olwlids 51 s 5 (53lwlas draba
Sl ou oS anpalagal Yo A Job Ly oin oy 5l oml 05 ol

PH a5l (bl 1 055 o 035 o5 5oskeS ¥ ()T (J5-SUge (13 9
lan=lgnl Loty alas o sV a Sl g cwl VIV sga > o] S iSUlg 5!
@byl (5 STy slae Tl A 3laie w3t ml o s HRP s

.(Fattahian et al., 20173) ¢l oo



(LDP) U3 b hasmsS Ty, 5 5L 3 Slled 32 un tsmsS] 0,956 51 gyt 10F

Lmg,ls o g olse Jloail 4§ el ools L caLises ol alliae
3 58U e | Ll o, Slae (g )3l il oo Loyt 4 (ISY)
£ L omiigm 4 0l Jwsl o Lulul (Carter & Ho, 1994) uas
(olgyoly Sl i (59 )0 Slad Ty Jelb (Vg 5, 8 Sl
Seadle (59 5l il B wilg e Sisliang 5ST1 g (1989 0 Lo iSilas
S 35 4 O3S (955 5 IS (Seslnvge i slo el (53 s
SUllan 5y gy STy Sy o ey oIS sla iSiae 5o S
5 Lol (sl iy s amy 355 il o a S el oyl S5y Galisee
O GiSe (o) LSen g ROY (JLie plgie a0 5 50 b lisee slag
sV ¥ gl a0 1) (65l oy ol gy L oo ST 03955
0,3 il aS o xid )8 a s Lyil asols J1, 8wy 0,50 0,5 ilw ax 0 F-
ees—Il amy by e o Silig Sl sl iSle b 5l oo S|
ol 5 (g s w5l il )0 (s sl g Jate (54l e
(Roy & Das, 2014) 5,.5 o & y50 0,350 jga> ;0w LSle

gl L o ouily o 0,355 iiSen o ¢ LS 5 Mahanthappa
aols S8 w050 o, 5 LW Y g YA YO slos aw jo ) 59lS o
5 ol 1y 5L gy 5o 51 e el 0,555 4 08 4 L]
=l sl 5o (Slhess el 5 Jeate (55lS oy gl Ay S50
O eiSen ,— o)L Sen g Yang .(Mahanthappa et al., 2018) osi s
Sl B g Y0 A slos a3 1y 65hF oy sl Ly ol apST 6,550
5 omnl auST 0,8 ¢l as ais § ases Lyl asols 1,3 ey O ygmn 3,5
sl g Jate 65lS s (gl (Sl iU a gy G b

(Yang etal., 2009) 53& co o2 5! JLSlo jo Slwss



1OV | 1FY Sl VP b o oylod FF 0,90 (90 3,15 ol Coumny § sode aolibiad
3 g @l mlio ;o o duuST 0,355l 5l 00 S ool wlay , las
397y Ol aloz sloais Slogrge o oy 5 STy 5T 4SSl
aalllae ol o @,ls HyOp ol3T sl JLSool, i o (godS i g a sl
0,865 Ly (2uiSSle ;0 LDP slaw STy ooyl g bl g o Jlad ol s

b9, 9 olge
solawl 8,90 Slgo

s o )ae ol igis oyl o ool sl 3 )5 o sliar b oly o
=5 GLST-LB g LB oS b oo agi gz JLST i a5 52 5
S0 15 sl Gl ;5 SDS - caal o ST s el (g0 Sl Jie
Joslamreal o (ologS ol Jo—iB909 2 (Sl IgnlS 1o LY (o9 093]
S gm0l 00,5 as LT Merk o5, 5 5l PTG (puudS 0y IS
Al gl > Roche 8 b 5l s LbilS

59y a6 (sl S—os 8-Anilinonaphthalene-1-sulfonic acid (ANS)

Isopropyl-p-d- (KH,PO,) =l 3 539 (S o Ly (KoHPOy) ol 8

oS, 533,35 5-tetramethylbenzidine  (TMB),4 thiogalactopyranoside  (IPTG)
AUY oeds 00,0 Lo (CUO) o ST 0,365 50 (5 )los > LS
59955 9l &S 5 3] segils Fe ool puSile 900 MY mhaw colne

20,5 s,la > (NaBond Technologies Co., Ltd., China)

Ni-NTA agarose resin s w 3l cuS 5gb (pukig s au o S g

5 Oeigym Ll cge 0l g lan & Invitrogene ¢S 5 5l aS als eolaul



(LDP) L1y pgs sl 3l o0 5T 5L Los g Sllad 0 (no dmaST 053956 51 (o 2 10A

o= (Fattahian et al., 2017a) o sola_wl Amicon ,=Ls 5l LaS s Bi >

00,5 (5l > Milipor w8y 51 ks

L w9,
LDP 3oty o2 57 condsti 9 ol

SleaST 05 sl 6 Ml LDP S g o551 (an s cg

OC slios ;5 CpramlelilS (sl LB et Lo oo 3l olinasl Ly Lolys ogyasd

Sleslaiwl Lo oo (low oo /Y 4 ODgoo (a5l ey 9 9 08lo i VY
ol 8 S Aol VA OC (slas o ceelws ¥ ae ay Vo Lo V IPTG
(Fattahian et al., 2017a) w08 a5 )l S0 e ba g S 5o

o yelate a0 ool wl SDS-PAGE 5 5l iy s os s ol cgs

.(Bradford, 1976) ol eolaxwl o931, (og, 5l oy cdale

LDP s 57 o i
Krainer et ) oo s ,—So;lasl o ,LSen g Krainer g, ;o 5—1 cJlas
i ooyt oS adee VY ol i STy g Lie b ek (al, 2014
Gl s sy TMB Voo oo +/F 5H0p Voo ol ) LDP ;51
PH VO Yoo oo b0 laad 3Ly 1 odg)Sa Ve oo g o 50 5 o55]
a0 YO slwd 10 eyl POV zg—a e j0 wd=> iuly 8l ol sl
Sz O odoriw gla b Ve Jsled 0 g a sl Ve oo an ol 5 il
Jsbo il 55 090 9y ST TMB 50l gy 3l ol e (6,0

& ool (/) - 'mol ™ em™) Ty



109 | 1Y 5lay YF by o) oylosds P 090 (60,95l (ol o3 (oke anliliad

9y bl 0,393l joa p0 il c Il (s

b el il s Sa Sl (Y-YA) | ,LSa 4 Sarvandi-Dehghanpoor

VY ol e bl Ly sl o s S Vo TMB Yy o L +/# H,0;

(U8 Glome a) oo Sglite slacBle jo b 55 5 i) oo 2 p)5 e

049y Elbae o] Codlad o 00,5 asSSl oo sles jo celn T oo

esla wl L )1, S5 )L a5l Jols sloosls (o Sle o oot w oads S5

o 5,0 L (Duncan test) ,SGls gl bawgs YV (ga5 i SPSS I dls s

ANOVA way ) Jole S il )ly asiod 050 ao,0 0 jlo cixe oo
28,8 18 (One

sl as el Particle molarity Ls 0,3 a5 Ve yloas Ll jo Vga'

o)ju;o )‘)5 oolawl S)90 s_:‘)Qs.’La

ol Sldllas 5l o 5T Ll s 0,3630 SISl (s 55-Tatoasy
b o P ol ool 5l 68 et gl o eola ] PP % B K

(Fattahian et al., 2017) wio& Bd > SedloghS Ve g Sl , ul$
(Varian, Australia) yeg8g mSwl ol ws 5l eolazwl Ly a by o slaca b

A% o Cary Elips



(LDP) U155 g3l 3lonansS Ty 03 51 )bl 9 Crdlad 39 o dousST 0,330 5l (quoyyy V57
S R DN RN TR

il 5l 0,390l jgao 50 o5l A gdy aan Ol ok s St
Riahi-Madvar et ) o colai ! ANS j5 89,618 a4y Lo o il old (o,
Vo ble g Ve o, S ¥+ ANS c_bile 5 ANS Gl jsls al, 2021
P ANS Gl jsld b ool plosil 1 o500 a1 Y59, Se
Jod Ll 5w S S FIVE oy PH L Yoahen 00 i 3L Jolons
oS oS

¥ i) 5 gaedab 0390 e gl YO e S 25 zo—s-b
Vo (59T oy sade S Ly sudoa ol e 0l (slagy) Slit ¢ sogils - -
0 g3l

w25—1  ANS L oot (uSL oS LDP (55T as by sye ca o s s
O oo as a S ANS L ((Ygegils YV clale) CUO 6,345 Ly WuSLoSLDP

0,8 Cld ol L5 Lyl il Gudb gy ool 43eSUl lase sleo (o Ak o

CUO 0343l by iiilen 30 LDP 513 s yold couids (5 yu0 il

S50 4 Gl LDP L o ST 0,355 2iSian 1y aalllae g
1l el )

Qem) =25 go—eJo—b 03590 (yiegils YA+ i(hex) S— 25 go—Jo—b
o= 9l gl g aiids o gl B0 e Sl Ce s ogl S Y -0
SEPUER PR CNUAUIC JRE NI (TS JRES:

=S e YA ol e lale Ly gy ot oltd o

AV Qe Ae BB AT io ol clace bl Ly o,vpls g, ol Lo
Do ool Sli 3L 5t Lo Sy o Yeesls 120 5 \Ve OB Y



17) VFoT Hlas VP (ool o) o los F'F 0590 (60 103l (owolivdh oy § ook Aobikiad
b 5 5yt S 555 Jw 9 FIVD il PH Ly Yy o Lis
aibo B 3l ey ol YA Sy gy oy b 5o (g o318 ol
il ysld ol egdle oS Ed (g 1S a0 VAN slaas o (ot 4yl
sloc bl joas 0 e dS a VIV g VoA VY loles jo putig ) 1O
A (S 031l 0,356 oyl alire

iSilen panilSon 93 (o) 52

s Ol J3ge e i L 0,390 (Siae reanilSe g9 () 2 vt
9 el Ve zgadslo 1o uilwjgld Bl oy dLales 5 S 0 4y by e
3l o (Riahi-Madvar et al., 2021) 005 e (Yoo oili) 0,35l 5 . lale
Voadolee (ulwl o —ligels (slac i (jlog—ai 4y bog o Ja S adolas Oy
Q0 8 dlxe

\ dolro
F
E =1+k,7,[Q]=1+ K, [Q]
g olad jo iigrm milw,eld slaca i i au F g FO adoles (ol (o

gl Sl Koy oy (b9l Sy Sl K w0aisS (290l 5 j9a
oS gel s il [Q] ¢ (il Vg uSe) yady =yl Sl Ly sl
L_ssie 1o (Gelamo et al., 2002; Lakowicz, 1999 ) cwl Y o cwp
(Xigetal., 2006) cu! (asligl 0) 0aisS yhgals yads iy ros dod

3550 Caway ¥ aolee 5l lg5 o 1y Ky lade

Y aloles

Ksv=KqTo



(LDP) Ll pgsad S yy o2 357 jLis Lo g ceddlod o punST 0,093 5 (oo 15V
Soladgo 5 5oyl )y (s

slo el 0,350 L (reigymy 2SSl 55 Jo50 slog s et St
B0 dumlire ¥ aolae 5l ooliiwl b 09,51 5 (T Jolts Seoliooge 5

Y aoleso

—~AH? AS°
+
RT R

InK =

VL CRUNIWESIIT- T VE DY - PR SNIPN PRSIV I g QU N PSS B
a0 o Jgs o LS e i STy o laibinl (It @l s AH® Yo
(U35 = oS- J5e) o2 GiSy o Jailial T Sl i AS” o5 IS
el (55 2 o5lS- J3e) bsls Sl R

ool Us— = IS 5L sl (oS ol (65581 Dl i e
20,8 dwle ¥ alolee

S ey i slabes 45 ady oyl o K alal) ol o
AS” (S 423 o U 2t SIS a1y STy (ST AR Y5

55 J5e) Lajls i R 5 (55 1 (sl J5e) e 5 (2255 (a9
(Sanei et al., 2011; Chen et al., 2011) sl (Jg5

¥ doles
AG° = AH? —TAS?®



| 7 I 1FeY 5l VP (ly o o)l Y8 0,90 (6032 15 (bl Conn ) (oode aoliliad

LDP 1 51 (ol 5 ool
SDS-PAGE ;3-8 xSJl 5 5l oolaiwl L oo o l5s slodbgal cinS
LY slacass; 4 b e oad SCS& gleaises 51V JS0) 00,5 el

A eoliwl Slisles aslol cgm wil)ls 45 5 5 5V oyl 5las f

MW
(KD) 1 2 3 4

100
75

63

48

35

25
17
11

039 S MW Jgslae] alises slacdile L LDP (oS 55 (g anlss - JSCio
O bosd jadss sladiges 4 barye cud 3 a0 T VY O (gloo,los ooty n (JoSge

ol &Jﬁ)b‘“‘i‘ )ch‘;..a Yoo 9 Yoo oo
Figure 6. Purification of recombinant LDP with different concentrations of
imidazole. Lane MW is the protein ladder, numbers 1-4 are the purified
sample related to the imidazole concentrations of 50, 100 and 200 300 mM
respectively.
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Figure 2. Changes of LDP specific enzyme activity in the presence of nCuO.
Bars represent means+SD, n= 3. Signs with different letters are significantly
different at P< 0.05 according to Duncan's multiple range tests.
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Figure 1. Migration and development of In Chicken PGC.
PGC: primordial germ cells; HH: Hamburger and Hamilton; EGK: Eyal-
Giladi and Kochav.
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Figure 2. TGF-/ BMP And TGF-B/Activin/Nodal Signaling Pathway in
Chicken PGC.
TGF- B: transforming growth factor beta; BMP-4: Bone morphogenetic
protein 4; PGC: primordial germ cells; IDE1: inducer of definitive endoderm
1; ALK: Anaplastic lymphoma kinase receptors;
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Figure 3. Wnt/B-catenin signaling pathway in chicken PGC
PGC: primordial germ cells; GSK-3B; glycogen synthase kinase-3; APC:
adenomatous polyposis coli, LRP 5/6: receptor-related protein 5/6.
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Figure 4. FGF and GFs signaling pathway in chicken PGC
TGF- B: transforming growth factor beta; PGC: primordial germ cells; ALK:
Anaplastic lymphoma kinase receptors; FGF: fibroblast growth factor; LIF:
leukemia inhibitory factor; SCF :Stem Cell Factor; MAPK: Mitogen activated
protein kinase; STAT3:Signal transducer and activator of transcription 3; ERK1/2:
extracellular signal-regulated protein kinase; MAK: Mitogen-activated
protein kinase; PI3K: Phosphoinositide 3-kinases; JAK: Janus kinase.
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Chl A (mg ml™") = 12.25A663-2.79As46
Chl B (mg mI'") = 21. 50A616-5.10As63
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Table 1. Analysis of variance for physiological traits of Yaghooti grape
(related to chlorophyll and carbohydrates) under hormonal treatments

Mean of Squares
. Total Chlorophyll | Chlorophyll df Sov

Carotenoid Chiorophyll b a Carbohydrates
25.3863** 75.2518** 0.7106** | 84.5188** | 84627.60** 3 Hormones
11.1281%* | 341.4568** | 86.6297** | 98.7460** | 4709.87** | 2 De"e;?;)g”;enta'
8.0538** 19.920** 6.9250** | 13.8802** | 32151.64** 6 Interaction

0.0001 0.0044 0.0008 0.0023 0.0194 22 Error

0.1846 0.1558 0.4207 0.1339 0.0333 - CcVv

**The significance level at 0.01
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Table 2. Analysis of variance for physiological traits (related to enzymes and
proteins) of Yaghooti grapes under hormonal treatments

Mean of Squares
Proline Protein Catalase Polyphenol Gual_acol Ascorbate df SOV
oxidase peroxidase | peroxidase

2401077 | 10459096** | 1.0018** | 00232** 64.0933** | 39825** 3 Hormones
86434 | 76626727 | 11910%* | 00075 | 207432% | 71285+ | 2 De"eli’a'zn;e"ta'
258.394** 2643259** | 4.7824*%* | 00019** 55151** | 133867** | 6 Interaction

0.0036 05140 27777 0.0002 00014 0.0002 22 Error

17574 0.2150 85170 02608 05768 05009 Ccv

**The significance level at 0.01
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Figure 1. Mature cluster of Yaghooti grape under the influence of three
hormones including gibberellin (GA3), indole-3-acetic acid (IAA), and
abscisic acid (ABA). The comparison of the three hormonal treatment
samples with the control sample (W) shows the morphological difference in
the appearance characteristics of the clusters. In general, we saw a decrease
in the density of the clusters of hormone treatment compared to the control
sample, which is due to the fall of part of the flowers under the influence of
hormone treatments due to the disruption of the physiological balance of the
plant in the flowering stage. Regarding the gibberellin treatment, in addition
to reducing the number of pods in the treatment cluster compared to the
control sample, we saw an increase in the length of the cluster due to the
growth of the main axis of the cluster (the small size of grape pods under
GAZ3 treatment in the image due to reducing the size of the image to fit in The
box is the same size as the other images).
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Figure 2. The graph of changes in the amount of chlorophyll a, b, total
chlorophyll and carotenoid under the influence of hormone treatment in three
growth stages of Sistan Yaghooti grape. The upper letters of each column
indicate the order of the highest significance levels.
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Figure 3. The graph of changes in the amount of protein under the
influence of hormone treatment in the three growth stages of Sistan Yaghooti
grapes. The upper letters of each column indicate the order of the highest
significance levels.
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Figure 4. Diagram of changes in the amount of carbohydrates under the
influence of hormone treatment in the three growth stages of Sistan Yaghooti
grapes. The letters at the top of each order column It shows the highest levels

of significance.
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Proline content modifications
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Figure 5. Diagram of changes in proline amount under the influence of hormone

treatment in three growth stages of Sistan Yaghooti grape. The upper letters of each
column indicate the order of the highest significance levels.
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Figure 6. Chart of changes in antioxidant enzymes under the influence of

hormone treatment in three growth stages of Sistan Yaghooti grape. The upper
letters of each column indicate the order of the highest significance levels
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Figure 1: Average yield of ethanol extract obtained from different organs of
N. macrosiphon. The experiment was performed in three repetitions and the

columns with the same letters had no significant difference at the 5%
probability level
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from different organs of N. macrosiphon. The experiment was performed in

three repetitions and the columns with the same letters had no significant
difference at the 5% probability level
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Figure 3: Chromatograms of A) Phenolic acid standards, and B) Free
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Table 1: Quantities of free phenolic acids extracted from different organs of
N. macrosiphon (microgram/gram of dry weight + standard deviation)
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Figure 4: Antioxidant activity of ethanol extract obtained from different
organs of N. macrosiphon. The experiment was performed in three repetitions
and the columns with the same letters had no significant difference at the 5%
probability level
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Figure 1. Map of sampling stations in Iranian sub-basins of the Persian Gulf.
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Table 1. Description of the sites sampled in Iranian sub-basins of the Persian Gulf.
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Figure 2. The defined landmark points for extracting the body shape data of longspine
scraper: (1) the anterior-most point of the snout tip on the upper jaw, (2) the anterior-
most point of the eye, (3) the center of the eye, (4) the posterior-most point of the eye, (5)
ventral edge of the eye, (6) dorsal edge of the head perpendicular to the center of eye, (7)
the posterodorsal end of the head (nape), (8) origin and (9) insertion point of the dorsal
fin base, (6) posterior dorsal end of the caudal peduncle at its connection to the caudal
fin, (11) posterior end of the caudal peduncle (the posterior end of vertebral coloumn),
(12) posteroventral end of caudal peduncle at its connection to caudal fin, (13) insertion
and (14) origin point of the anal fin base, (151) most anterior point of the pectoral fin,
(16) posterior edge of the opercle, (17) ventral end of the gill slit and (14) ventral edge of
the head perpendicular to the center of the eye.
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Table 2. The results of principal component analysis.
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Figure 3. Body shape variations of the studied longspine scraper populations
along the first and second PCA axes.




PYQ AP 5l VP (b o o)los 8 6590 (60 39)5 (ol Coamns 3 (oo dnbikiad
NTYOFTE N JEUINNE IR S SOV A P R WV 0

3 eoga > L 30 K0 sladcmes 5 ooldl oz Lac sz plw 3 =68
IS e MANOVA z LS pizmen (F JS2) asloa s SS9 S0
Wilks lambda ) sls ;Lii 1) (g,ls e Sglts aslllas 850 sladmes oo
Sl Sgp g mg¥lale Jolsd (= 0.01242, f = 4.184; P<1.668E-44
gl (el cwl oo a1 Y Joas j0 dslllae 5,50 slad e e
Lo ez o 55 A GegVLale Al olb Jla e (e85 (2t
A (YIVAPY) LSo) 5 oylg s Cwraz o (F/V 2 VF) ogm )l g g0 0 X5

Dl Cawd

anllls 550 laapmaz ooy JS5 (CVA) sl (Sian ol loges —F JSi
il alb aleolns

Figure 4. Graph of canonical variate analysis of body shape of the studied
longspine scraper populations.



e Sl Gid ase> 5 5 5o (Paracpoeta trutta) sl Al oalooluw 4igs iz y £935 PA-

iyl pleols anlllns 5,50 nar (o easVlale Jolsd =¥ Jgar
Table 3. Mahalanobis distances of the studied populations of longspine scraper.
eSS eSS S ol cbwbls e lg e

IR 51\ -
Ss8 Ol NAYZ o/
Sllels BIYY fI58 VY
a5l 7AR1 ARG ¥/0Y YIOA
Ry fNY BIYY Y/fY YI¥A YIVY
OSes AT 1YY fNY YIVY Y/AA YIf-

O o lale Jolsd sl permutation s 5l Lol P ;) Jlade = Jeus
AA.LJ 4.”.: GbLooLM: GLQW

Table 4. P-value obtained from the permutation test from Mahalanobis
distances between the populations of longspine scraper.
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Figure 5. Cluster analysis results of the studied longspine scraper
populations’ body shape.
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Morphological variation of longspine scraper
(Paracapoeta trutta) in Iranian sub-basins of Persian Gulf

Z. Mehrabani’, S. Eagderi®*, H. Poorbagher®

Abstract

Introduction: This work was conducted to study the morphological
variation of longspine scraper (Paracapoeta trutta) in seven
populations in the Iranina sub-basins of the Persian Gulf basin,
including  Sirvan, Little Zab, Karun, Gamasiab, Zemkan,
Godarkhosh, and Zohreh (Tang-Shive).

Methods: For this purpose, 161 specimens were sampled using cast-
net and electrofishing device. To extract morphological data in
the geometric morphometric method, photographs were taken
from the left side of the fish, and then 18 landmark-points were
digitized on their 2D images.

Results and Discussion: The results of Canonical Variate Analysis
showed that Godarkhosh and Little Zab populations are separated
from others. Based on the results of Mahalanobis distances between
the studied populations, the maximum and minimum distances were
between the Tang-Shive and Godarkhosh populations and the
Sirvan and Zemkan populations, respectively. Based on the Cluster
analysis, the populations of Gamasiab, Karun, Sirvan, Zemkan, and
Tang-Shive were clustered together, and Godarkhosh and Little Zab
in another one. The results also showed the phenotypic plasticity of
this species in adapting to different habitats in traits including depth
of head, trunk, and tail as well as head length, based on habitat
conditions.

Keywords: Cluster analysisPhenotypic  plasticity, Cluster analysis,
Mesopotamian scraper, Morphometrics, Phenotypic plasticity.
Mesopotamian scraper.
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Investigation of phenolic acids and some biological
activities of Nepeta macrosiphon

S. Mollaei'", H. Abbasi Holasu', B. Asghari?, M. Ebadi®, H. Hashempour®

Abstract

Introduction: Phenolic acids are secondary metabolites which have many
biological activates, which are found at different organs of plants and
have an important role in human health.

Methods: In this study, the extraction from different organs of Nepeta macrosiphon was
done by using ethanol 80% as solvent, and divided into free and esterified phenolic
acids. Then, the total phenolic and flavonoid contents, antioxidant activity and
inhibition of alpha-glucosidase enzyme of the extracts and also their fractions were
evaluated by using Folin-Ciocalteu, aluminum chloride, DPPH, spectrophotometric
methods, and finally their compounds were analyzed by HPLC.

Results: The results indicated that the ethanolic extract of flower with the
amount of 70.5 mg GAE/g of dry sample, and 29.2 mg QE/g of dry
sample had the highest total phenolic and flavonoid, respectively.
Also, this extract with the ICs, value of 315.2 showed the highest
antioxidant activity. Moreover, the flower extract had a greater ability
to inhibit the alpha-glucosidase enzyme. The results of phenolic acids
analysis showed that among the studied organs, flower had the highest
amount of phenolic acids, rosmarinic acid, para-coumaric acid with
the amounts of 672.7 and 614.3 pg/g of sample were the main free
phenolic acid, respectively, and caffeic acid was the main compound
in the flower extract of esterified phenolic acids. Also, the flower
extract containing free phenolic acids had the highest antioxidant
activity and inhibition of alpha-glucosidase enzyme in comparison
with the extracts containing esterified phenolic acids and other organs.

Conclusion: Based on the results, the flower has the highest phenolic compounds,
including rosmarinic, para-coumaric, and caffeic acids and due to its high
antioxidant potential and inhibition of alpha-glucosidase enzyme, it can be
used in the pharmaceutical and food industries.

Keywords: Alpha-glucosidase enzyme; Antioxidant; Nepeta macrosiphon;
Phenolic acid.
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Investigation of hormonal treatments in
physiological alterations of Sistan Yaghooti grapes

Noosin Kalkali*, Abbasali Emamjomeh®"", Yasoub Shiri** Mahmood Solouki’
Abstract

Introduction: Yaghooti grape is the earliest ripening grape in Iran and has
advantages such as good taste and high heat and drought resistance;
but it has highly clustered density.

Materials and methods: Physiological alterations of Yaghooti grape in
three growth stages, as well as the amount of accumulation of some
physiological substances, under the three hormones gibberellic acid,
indole-3-acetic acid, and abscisic acid.

Results and discussion: Abscisic acid hormone had the most positive
effect on total chlorophyll and carotenoid levels. The average amount
of total chlorophyll was equal to (25.51), (18.76) and (26.16) mg/ml in
the pre-flowering, flowering, and post-flowering stages, respectively.
Under three hormones, the protein level is greatly reduced by 70%,
Gibberellin treatment in the third stage of cluster development caused
a 26% increase in carbohydrate level. The guaiacol peroxidase
increased under indole acetic acid, but other hormonal treatments
decreased the amount of this enzyme in Yaghooti grapes. The biggest
reduction was related to gibberellin treatment with nearly 80% of the
control sample in the first and second stage of cluster development
and 55% in the third stage.The amount of ascorbate peroxidase
enzyme was accompanied by an upward trend under influence of
abscisic acid. Also, all three hormones almost caused a decrease in
catalase enzyme activity in all three developmental stages. Indole
acetic acid increased the activity of polyphenol oxidase enzyme
during stages. Gibberellin, apart from slightly increasing the activity
of ascorbate peroxidase enzyme during flowering, strongly reduced
the activity of three other enzymes during all stages.

Keywords: Antioxidants, chlorophyll, grapes, phytohormones, plant
physiology.
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The origin of chicken PGCs and factors affecting
self-renewal in order to their long-term
proliferation in vitro

Masumeh Zare', Seyed Ziaedin Mirhoseini®*, Seyedeh-Nafiseh Hassani?,
Shahrokh Ghovvati'

Abstract

Introduction: Primordial germ cells (PGCs) are responsible for transmition
of genetic information to the next generation by way of producing
gamets. PGCs migrate to the developing gonad and undergo an
extensive reprogramming during this migration. Once located in the
gonad, the developmental pathway leads to the production of germ
cell precursors. Method materials:One of the main challenges of PGCs
is their lack of proliferation and self-renewal in culture condition. One
approach to induce proliferation in PGCs is to manipulate intracellular
signaling pathways, including TGF-B and Wnt/B-catenin, via growth
factors and small molecules. Moreover, along with activation of
involved signaling pathways in self-renewal, improvement in culture
conditions can be an effective way to achieve chicken PGC cell line.
Results:Therefore, establishment of defined culture conditions and
activation of the related signaling pathways can lead to induction of
proliferation in chick PGCs.

Keywords: Pluripotency, Self-renewal, Primordial germ cells, Long-
term culture, Signaling pathway
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Investigation of the CuO nanoparticles effect on activity
and structure of Lepidium draba peroxidase enzyme

A. Riahi-Madvar'*, F. Barzegary-Dehaj’, R. Mirzaee®, F. Bahramnejad®

Abstract

Introduction: Entrance of nanoparticles into the environment provides
possibility of their entry into living organisms. Their entry into the
body can affect biological macromolecules and affect their life. Here,
to investigate effect of copper oxide nanoparticle (nCuQ) on
recombinant Lepidium draba peroxidase, changes in enzyme activity
and structure were analyzed in presence of nCuO.

Methods: Enzyme activity was measured in the presence of different
concentrations of nCuO and repeated three times. Results were
statistically analyzed using SPSS software at a significance level of 5
percent. Intrinsic fluorescence studies in the presence of nanoparticles
were utilized to investigate structural changes of the enzyme. These
studies were done at different temperatures to determine
thermodynamic parameters such as the type of forces involved in the
nanoparticle-enzyme interaction.

Results and discussion: Enzyme activity in the presence of nCuO
significantly increased at the level of 5 percent. The most enzyme
activity were attributed to the concentration ranges of 80-180 nM
nanoparticles, which it increased more than 46 percent compared to
the control. Intrinsic fluorescence intensity decreased in the manner
nanoparticles concentrations increased in media. Decrease intrinsic
fluorescence emission indicates changes in the enzyme structure in
presence of nanoparticle. Thermodynamic parameters including
entropy (AS°) and enthalpy (AH®) related to the interaction of enzyme
with nanoparticle were calculated as 0.108 and 3.81 respectively. The
positive sign of these parameters indicates the important role of
hydrophobic interactions in this process. On the other hand, negativity
of free energy (AG®) changes indicates that this process is exergonic
and proceeds spontaneously.
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Isolation and purification of petroleum-decomposing
bacteria from contaminated soils and identification the
resulted compounds of degradation of such compounds

Seyed Afshin Hosseini Boldaji*", Hamed Soltani?, Maryam Teimouri®

Abstract

Introduction: There are various methods to remove oil pollution from
natural sources, which biological methods seem to be more
appropriate methods due to their cheapness, sustainability and
biodegradability. So, the aim of the present study was to isolate and
identify the bacteria which able to degrade oil from contaminated soils
to determine the optimal conditions for decomposition of these
compounds in complementary studies.

Methods: Soil sampling was performed from contaminated areas around
the Tehran refinery and after isolating oil-degrading bacteria in a
culture medium containing 2% kerosene (as the only carbon source),
the ability of separated isolates to oil degradation were evaluated
using FTIR and GC-MS. Finally, these isolates were identified using
morphological, biochemical and molecular methods.

Results and conclusion: The results showed that, three oil decomposing
isolates were able to reduce or eliminate the aromatic compounds
from the oil. They decomposed oil complex alkanes into simpler
alkanes. So in their culture medium, substances with amine and
carboxyl functional groups (organic compounds) were observed. The
identification of these three isolates showed that they belong to the
species Nocardia sp, Bacillus subtilis and Acinetobacter baumannii.
As conclusion, the use of this biological method can be a good
alternative for physical and chemical ones. Isolation of native soil
bacteria that have adapted with petroleum products in the soil can be
helpful for bioremediation.

Keywords: Aromatic hydrocarbons, Bioremediation, Decomposing
bacteria, Oil pollution.
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A comparative study of inoculation with two growth-
promoting and siderophore-producing bacteria
(Enterobacter cloacae & Bacillus cereus) on iron availability
in pistachio seedlings (Pistacia Vera L.)

F. Bahraminejad’, F. Nasibi’, H. Oloumi®, R. Arab* *

Abstract

Iron deficiency is one of the most important problems that affects the growth of
plants. In this study, the effect of two strains of growth stimulating bacteria
producing siderophore (Enterobacter cloacae & Bacillus cereus) on
biochemical properties of pistachio seedlings in conditions of availability and
deficiency of iron was investigated. In this research, which was done in a
factorial design in the form of a completely randomized pattern, ferric iron
(Fe *3) and ferrous iron (Fe *?) were given to plants that had grown for two
months at a concentration of 20 micromolar. Plants without iron (zero iron)
were considered as controls.

The results showed that ferric iron in concentrations of 20pM and zero iron reduced
plant growth and damage to them. By using growth-promoting bacteria in ferric
iron-treated plants, some growth parameters such as fresh weight, photosynthetic
pigments, phenolic compounds, soluble sugars, lipid peroxidation and proline
were improved. Treatment of plants with growth-promoting bacteria also
increased the amount of protein in plants treated with ferric iron. Growth-
promoting bacteria also increased iron uptake in the shoots of ferric iron-treated
seedlings. It seems that in plants treated with ferric iron, growth-promoting
bacteria with the production of siderophore led to the reduction of iron and
increase the available iron in the plant and reduce iron deficiency stress.

Key words: Ferric iron, Plant growth promoting bacteria, Lipid
peroxidation, iron deficiency.
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Effect of chlorine on survival and ultrastructural
changes of Acanthamoeba castellanii

*
Zeinab Asadi', Somayeh Bahrami? , Mehdi Zarei®, Hossein Hamidinejat*

Abstract

Introduction: Chlorine is an effective disinfection agent to kill pathogenic
microorganisms in the municipal water treatment system. However, despite
treatment, studies have shown that Acanthamoeba is isolated from different
water sources in Iran. In this study, the effect of standard concentrations of
chlorine used in urban water treatment systems was evaluated on the
survival of Acanthamoeba castellanii and its ultrastructure.

Materials and methods: Acanthamoeba trophozoites and cysts were exposed to
different concentrations (1-10 ppm) of calcium hypochlorite at different
times (30 minutes, 1 and 2 hours). Field emission scanning electron
microscopy (FESEM) and transmission electron microscopy (TEM) were
used to study the ultrastructural changes of amoebic trophozoite.

Results: This study showed that conventional chlorine concentrations could
not completely eliminate A. castellanii trophozoites and cysts. Cysts were
more resistant to different chlorine concentrations and compared to
trophozoites, fewer cysts were killed at the same chlorine concentration
and exposure time. Alteration of the cell membrane permeability,
decrease in the number of pseudopodia, increase in mitochondria,
vacuolation of the cytoplasm, and changes in the endoplasmic reticulum
were the main ultrastructural changes in the chlorine-treated amoeba.

Conclusion: This study showed that standard chlorine concentrations used as
a disinfectant could not eliminate the trophozoites and cysts of A.
castellanii. Due to the pathogenicity of the amoeba and its role as the
reservoir and transmission of microbial agents, revising the guidelines
for using disinfectants such as chlorine in the treatment of urban water
systems is highlighted by this study.

Keywords: Acanthamoeba castellanii, Chlorine, Survival, Ultrastructural changes.
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Investigation of some morphological and
physiological characteristics of Cyperus.

vera alternifolius, Chrysopogon zizanioide and Aloe

irrigated with urban wastewater

S. Ebrahimi Nokande?, S. M. Razavi®*, M. Afshar Mohammadian®

Abstract
Phytoremediation is a cost-effective and environmentally friendly method to

remove heavy metals from contaminated soil and the environment and
choosing the right plant for phytoremediation is important considering the
increasing expansion of urban wastewater. In this regard, an experiment was
conducted in the form of a completely randomized design with three
replications for 14 months at Guilan University.

In this study, the accumulation index of metals (MAI) including zinc, chromium, lead,

copper, manganese, hickel, and magnesium was measured in three plants of
Cyperus alternifolius L., Chrysopogon zizanioides (L.) Roberty and Aloe vera (L.)
Burm.f. treated with urban wastewater, and some of their morphological and
physiological characteristics were compared. The results showed that under urban
wastewater treatment, the MAI in C. zizanioides and A. vera was higher than in C.
alternifolius. In all three studied plants, the indices of root length, shoot length,
total biomass, uptake index (UI), and tolerance index (TI) were significantly
reduced compared to the control plant, and A. Vera had the highest percentage of
reduction. Also, the highest percentage of increase in total soluble sugar, total
phenol, total flavonoid, total anthocyanin, total tannin, and DPPH radical-
scavenging percentage was observed in C. zizanioides. Therefore, it can be said
that C. zizanioide was more successful in terms of metal accumulation and
morphological and physiological characteristics.

Keywords: Flavonoid, Heavy metals, Metal accumulation index,

Phenol, Phytoremediation.
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Numerical Study of Smilax excelsa L. in
Mazandaran Province

A. 1Izadkhah', A. Mahmoudi Otaghvari® *, T. Amini’

Abstract

Introduction: Smilax genus are climbing and dioecious plants which are
growing in north of Iran and they have too variation of morphological
characters.

Material & Methods: In this study, morphological characters of vegetative
and generative organs of 17 population of Smilax excelsa from
Mazandaran province are studied for the purpose of distinguishing
significant characters that effective in segregation of populations. The
results were analyzed by SPSS (Ver. 16) software and dendrogram
constructed using within group method. In this study there was only
Smilax excelsa in Mazandaran province.

Results & discussion: The results have shown that characteristics such as Stem
diameter, Stipule length and width max, Stipule length max/Stipule width
max, Leaf shape, Leaf length and width max, Leaf length max/Leaf width
max, Peduncle length, Inflorescent length max, Inflorescent peduncle length,
Flower number in inflorescent and Berry length and width max are effective
in taxonomic segregation of populations.

Conclusion: The present results showed that there is leaf diversity among the studied
populations and characters like Leaf shape, Leaf length and width max, Leaf
length max/Leaf width max are variable between populations.

Key words: Smilax excelsa, Leaf variation, Morphology, Mazandaran.
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