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Abstract
Objective
Optogenetics, as a new scientific branch, uses the photoreceptors to conduct basic and
applied research. Identification of the novel photoreceptors and their characteristics is a
way to develop the optogenetics. Cryptochrome/Photolyase protein family DASH
crypthochromes have DNA repair ability and play role in signaling pathways. Current
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research goal was the adequate production of the Volvox predicted DASH1 cryptochrome
protein (VcCryDASH1) to use in spectroscopy studies as well as DNA repair assay.

Materials and methods

First, the coding sequence of VcCryDASH1 was isolated from Volvox carteri cDNA
library using the specific primers and cloned into pGEX-2TK expression vector. The
recombinant protein production was analyzed using two different strains of E. coli under
different incubation times, using IPTG to induce the protein expression and then its
solubility was investigated by SDS-PAGE. DNA binding ability of the protein was

studied by alignment method.

Results

The appropriate production of the protein obtained in Rosetta strain at 32°C under more
than 3 hours incubation. Approximately, 50 percent of the protein was insoluble under 1
and 3 hours incubations. VcCryDASHL1 alignment analysis showed that there is high

percentage of amino acids in this protein with DNA binding ability.

Conclusion

These results revealed that under optimum conditions, VcCryDASH1 has dual solubility
but our approach can produce the adequate quantity of the protein in the Rosetta. Also,
because of having conserved amino acids, the protein can bind to DNA, nominating it as
a possible resource to design the DNA- light mediator molecules in optogenetics.
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1. Neurobiology
2. Synthetic biology
3. Chlamydomonas reinhardtii Channelrhodopsin-2

4. Volvox Channelrhodopsin-1
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5. Light-Inducible Transcriptional Effectors

6. Photoswitches

7. Arabidopsis thaliana Cryptochrome-2

8. Arabidopsis thaliana Calcium binding Integrin binding protein 1
9. Xanthamonas sp. Transcription Activator-Like Effectors
10. Arabidopsis thaliana UV-B resistance 8

11. Arabidopsis thaliana Constitutive Photomorphogenesis 1
12. Cryptochrome/Photolyase Family

13. Photolyase-Homologous Region

14. Flavin Adenine Dinucleotide (FAD)

15. Methyltetrahydrofolate (MTHF)
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Vivantis, V/o U jiie 4 Pfu DNA Polymerase 4 Y7, ekl L DMSO /v mM cble LANTP Mix /o
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16. Cyclobutane Pyrimidine Dimer

17. Single-stranded DNA

18. Double-stranded DNA

19. Light-Inducible DNA-Repairs (LIDRS)
20. PCR
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(Luria-Bertani) LB-Agar ,Sbswl cuiS lase )3 sadcsu,l s 658k g 15 (o5,l5 TOPLO 4w E. cOli (651,
dowdly i owizxen 9 COlONY PCR 1 sslil b cate (slagyslS s ooy cuitS cpbow ool Voo UM gols
by S b hwes Cute olS Y A baspe deawdly g3 s B4S asuie dayelS 51 (Birnboim 1983) szl el
VP oojled 0slS 4 bgye POGCDL uSyig aeudly 1 ad plsl JIg 2led aab sy (@5 wlnl) 0298 03

33,5 ooliwl imeh sdn ol 45 (PGCD1c016)

>y VCCryDASHL 59y oaiSaS Jlg 850 gogasw b,S5ET Jg ) Jooo
w23 0 Wi 1, ECORI g BamHI o 331 (6 o 0 b couinamiS s

Table 1. The specific primers to amplify VcCryDASHL1 coding sequence. The underlined
sequences show the BamHI and EcoRI digestion sites.

3, Sl eb Sl JIe £5) 03l S5 35 00
Line ; . =127
Primer Primer sequence ()55l
name

Amplicon name
(Primer type)

1 VcCryd1 AAGGATCCATGGCCGCCGCCGGCTG DASH1 (Forward
FP-BamHI primer)

2 Vc Crydl  AAGAATTCTCACTTGTAACGCTCGAACTC  DASHI ( Reverse
RP-EcoRI primer)

PGCD1c016 swowwdy L Rosetta g Topl0 ayguw E. cOli g 558U (39,5
dg E. COli (slogs Sl ppsaic )y sly PGCDICOL6 5 iio JyiS olyisas PGEX-2TK siansdly
9 TOP10 snicsu,ly oSt Glswsl (gl au8,5 )18 eoliwl 3,90 TSS g, 5l esliwl L ROSEtta 4 TOpl0
Yoy
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VCCryDASHL (cuwlgiel Jlg b appign opl (ojlwcisyon 505 bk UNIprot lesls oL ;) Q43125
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N 581 J5 895 3= o sadliive g PCR iiSTy 31 o3liiws! U VCCryDASHL suiisus’ Jlgi wisS Y JSW0
oWid o3Il 51 A a2 0 i 1) )55l WL Job o Cuows 3lasl) DNA (,5,b) sloiojluil 1) Sals
Jomame S,50,8 Lo, licws VCCryDASHI suisss’ JIgi PCR Jgmaso :Y Saly {(usilosnis o3l
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Figure 1. Amplification of VcCryDASH1 coding sequence, by PCR reaction and its
checking on 1% (w/v) agarose gel. Lane 1: DNA Ladder (The left numbers show the
length of Ladder bonds. Some sizes haven't been shown.); Lane 2: the PCR product of
VcCryDASHL coding sequence. Red stars show non-specific products.

Sl deowsdly ien 5 5 5l oabpa55 askd (g5, 2 ECORI g BaMHI (clog, 5T g oy 5l e 25T

L5 oo J5 5 bl s 5 ool 55390 iose s Jpene (s3bal pliioss 13 plo] POEX-2TK
PGCDL b &y u 55 o) 5503 ko 50380ty g oy POR Sy 5 tmsdl 50 TA 51§ sl
A5 03y bl cusS bausme )3 sascsu,ly (6,8L TOPL0 wgw E. CON (68b @ o] (o)l 51 e (5 sl

(Y JSs) a plsl PCR IS «eoS g5 duomsdly shyls (sla IS s (gl ¢ Bl oS oo 45 b IS0 5l e
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695 522 PCR - 5I5 (5,0L,€ plol 1 oaliius! b VCCTYDASHI (5 (g 5lusailunad doxsti gl (o y 2 ¥ JSWS
Wi Ty 5S4l il Jsb i Cuow 3lusl) DNA (45 ,lo) slodojlil 1) Sls .oawicisng 5 TOP10 aygm
PGCD1 swoady g1,15 U5 93 PCR Jguao :£ 9 ¥ Sy ¢(wilosnid 031d ylid Lojluil I A p aid o0

(e 598) POEX-2TK syonsdly (515 (5 3 PCR Jguaomo F Saly fcrto (510 5515)

Figure 2. The rudimentary study of VcCryDASH1 cloning result, by doing the Colony PCR
screening on transgenic Topl10 strain. Lane 1: DNA Ladder (The left numbers show the
length of Ladder bonds. Some sizes haven't been shown.); Lane 2 and 4: the PCR products
for two colonies with pGCD1 (Positive colonies); Lane 3: the PCR product for a colony
with pGEX-2TK (Negative colony).
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Figure 3. The study of VcCryDASHY1 cloning results by doing enzymatic digestion (A) and
PCR (B), on extracted plasmids. A- Lane 1: the enzymatic digestion of pGEX-2TK; Lane
2: DNA Ladder (The left numbers show the length of Ladder bonds in lane 2. Some sizes
haven't been shown.); Lane 3: the enzymatic digestion of pGCDL. B- Lane 1: DNA Ladder
(The left numbers show the length of Ladder bonds. Some sizes haven't been shown.);
Lane 2: The PCR product, while using pGEX-2TK as the reaction template; Lane 3: The
PCR product, while using pGCDL1 as the reaction template.

PGCD1c016 suowsM delsl ;5 .5,8 1l 1, DASHI 4,550 S 0uu808" g5 )3 i jols pis cwyp ol
9 pGEX'ZTK dhw)ﬁ )‘ odlawl l) uﬁ)f)bs odlazwl D90 0&9)4 ul» Pl?u‘ d‘)} g \F O)Louf} 0915 LY Joy)a S

LS el Rosetta 3 Topl0 4w 99 pPGCD1c016

YOA

Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



yyay 6&‘)&0& 9 (S9N

VeCryDASHl1col6

VeCryDASH1Phvto

Clustal Consens

VeCryDASHl1col6
VeCryDASHI1Phyto

Clustal Consens

VeCryDASHIcol6
VeCryDASH1Phyto

Clustal Consens

VeCryDASHIcol6
VeCryDASHIPhyto

Clustal Consens

VeCryDASHI1co16

VeCryDASH1Phyto

Clustal Consens

VeCryDASH1co16
VeCryDASH1Phvto

Clustal Consens

VeCryDASHIco16

VeCryDASHI1Phyto

VeCryDASHIco1l6

VeCryDASH1Phyto

Clustal Consens

VeCryDASH1col6
VeCryDASH1Phyto

Clustal Consens

91

o1

S1

451

451

721

721

720

| 1 | | | | 1 | | | | | | | | | | |

M: cAs oA AR (G S0 6 R R VLV dn Wi B R N: Di b sRe ol GH D N ¥ b V. He D B WV
ATGGCCGCCGCCGGCTGCGGCAAGCGTGTCGTACTGTGGTTCAGGAACGACCTCCGCCTGCACGACAATTACATCGTGCATGATGCAGTG
M A A A G (=) G K R VvV V L w B RN I L R L H D ‘N °¥Y E V H D A V
B o

o
-0
o
"
-k
o
B
-N
o
H
-
=]
"
- B
o
"
-
o
B
-a
o
"
-9
=]
I
-
o

Q R v K R G B A S E v L P v & C F D P R v b4 G o T P W G H F
GCGTGTAAAGCGTGGTGAAGCCAGCGAGGTACTGCCGGTGTACTGTTTCGACCCACGTGTGTACGGCACTACCCCGTGGGGTCATTTC)

R v K R G E A S E v L P v ¥ C g D B R v o G T L =3 w G H B
190 200 210 220 230 240 250 260 270

DI IR IR IRNEIRIT SCTRICAEN IEICIEI SRR IR IESEIETE IR AT SRRt SCIRE AT IEIRIEIE ST I S
AAGACGGGGGCGCACCGGGCAGCCTTCCTGCTTGAATGTGTGACGGATCTCAAGTCCCGGCTTCGCGATGTAGGCAGTGACTTGCTGGTG
K. T ; A L E 2. W T D I K S R I BB S D I L v
AAGACGGGGGCGCACCGGGCAGCCTTCCTGCTTGAATGTGTGACGGATCTCAAGTCCCGGCTTCGCGATGTAGGCAGTGACTTGCTGGTG
K: T G- :A: H F L L E ¢ VvV T D L K S R L R D V 6 S D L L V

[n]
id
o
bl
wi
i
<
[n]

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

280 290 300 310 320 330 340 350 360
PR IR IR IR IR IR IR IR IR IR IR IR IRIRTRIRI IR IR SRR IR S |
GCATTTGGGAAGCCCGAGGAGGTGCTGCCGGGTCTTCTGGAGGGCAGCTCTGGTCCCTCCCTGGTCCTCACTGCGGAGGAAGTCACCTCG]

g
E
[0l
|
o
2
o
<
3
o
[0l
3
t
&
o)
u)
ul
[0l
o
15
t
<
t
Wi
b
&
&
=
£
ul

IGCATTTGGGAAGCCCGAGGAGGTGCTGCCGGGTCTTCTGGAGGGCAGCTCTGGTCCCTCCCTGGTCCTCACTGCGGAGGAAGTCACCTCG
A : IR K P E E v L P G L L E G S = G . S L E E v T S

<
3/
H
»

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

370 380 390 400 410 420 430 440 450
. O NPT TR DR - ST - I
E E 2 1) R L D v N v A R A L K Q Q R R : a Q A D A A A A A G G G

|IGAGGAGACCCGGACGGATGTGGCGGTGGCCCGGGCCCTGAAACAACAACGGAGACCGCAAGCGGATGCTGCAGCTGCGGCGGGGGGTGGA

i}
2]
H
pel
H
(v]
<
kg
<
i
el
»
3
A
bl
bl
o
»
g
k4
»
»
»
ke
o]
(o]
[o}

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

460 a70 480 490 500 510 520 530 540
s sosoel szl szelll s Raranal s o P il mmamenle s Heazmeilamen Msrsmeimamnling s 1 semelseme 1 s sz

AGCGGTAGTGCGAAGCTGCTGCGGTTCTGGGGCCATACCATGTACCATATTGACGACCTGACTCAGCCACCAGAGGGCGGCGGCAAGGC!
S G S A K _I» b SR E W &G B B M ¥ H b Di D I T o0 P P (B G G G K &
AGCGGTAGTGCGAAGCTGCTGCGGTTCTGGGGCCATACCATGTACCATATTGACGACCTGACTCAGCCACCAGAGGGCGGCGGCAAGGC!
S G S A K L L R F W G H T M Y H I D D L T Q P P E G G G K A

B T T

550 560 570 580 590 600 610 620 630
suszsrsilmindie. sealll wusmm el s ol mpseil vl s s Uil Haysslnsnslisme | semalssesl e ol
ACCTTTGCACCGGGCATGAAGGACATGCCCGATGTGTTCACTCCCTTCCGTGAAAAGGTGGAAARAGCGCTGCCCGGTANINGGAAAGACCTG]
T F A P & M K D M P D V F X P E R E K V E K R € P V W K D L
ACCTTTGCACCGGGCATGAAGGACATGCCCGATGTGTTCACTCCCTTCCGTGAAAAGGTGGAAAAGCGCTGCCCGGTASGGAAAGACCTG]
P (o A i 2 G M K D M B D v Y G o B oy R E K v E K R Cc P v R K D L

640 650 660 670 680 690 700 710 720
D R e o I B I I B I o Ly I e e I |
CGCCGCCGCAGAAGGGCGACCTGCCGCTGCCCCCGACGGAAGCACTCCCCGCCGCCGCGGCAGCGGCCCTGGCGGCGGCCCCGCCCACG

o
1
o
O]
»
@
[v]
[l
o
B
1
L
H
il
w
H
]
»
»
»
»
»
»
[l
»
4
»
1
o
H

'CGCCGCCGCAGAAGGGCGACCTGCCGCTGCCCCCGACGGAAGCACTCCCCGCCGCCGCGGCAGCGGCCCTGGCGGCGGCCCCGCCCACG

*
* 1
*
*
* 1
*
*
* o
*
*
*
*
*
*
*
*
* Q)
*
*
* 0
*
*
*
*
*
* 1
*
*
*
*
*
*
*
*
* 1
*
*
* 1
*
*
* 1
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
* P
*
*
*
*
*
* P
*
*
*
*
*
* D
*
*
*
*
*
* D
*
*
* 1y
*
*
* 1
*
*
*H
*

730 740 750 760 770 780 790 800 810
simie pilin esnilioe ainKo ans Fiamanilln oo Fro anilosnoBor sail soseliooiandsne oo cnnilionaekonosbissornilo snnBos ol
W E Q L P 3 P P A A R P B P g T K H P K A v L D : 3 K G G E ¢
'GGGAGCAACTGCCGTACCCGCCAGCGGCGAGGCCTCCGCCGCCCACCAAGCATCCTAAAGCGGTGCTGGACTTCAAGGGCGGCGAGACG]
W E Q L P Y P P A A R P P P P x K H P K A v L D i K G G E X

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
%
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

Soloms I Jobs uily DASHL poSgin s o oaiSsS g cabud wyp £ IS8
51 odliiw! L (VCCryDASHIPhYO) wegjemd (slosls oGl I suud objb o (VCCryDASH1c016)

Calud cwismod Cowl oud 2313 HLid dse] 3 joydr sdmel saw! ( Jlgi 2

71 VRS- BNy 3] WP JO¥ Y

Jome «Kji0,8 M Caodle Lol awd i M Cudle lawgi T'Clustal Concens" Gy, 45 gaiiglS s

A2 o ylis VECryDASHL (45 g5 31, AGG joU (998

Figure 4. Similarity study of the Volvox cryptochrome DASH1 coding sequence by using
the sequences obtained by sequencing (VcCryDASH1col6) and retrieved from the
Phytozome database (VcCryDASH1Phyto), through alignment method. The coded amino
acids have been shown at the below of each sequence. Also, the nucleotide identity has
been determined by *** symbol, in the ""Clustal Concens™ Line. The red stars symbols
show the position of ""AGG" rare codon in the VcCryDASH1.
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Figure 5. Expression analysis of the GST and GST-VcCryDASH1co016 in Topl0 strain
having the pGEX-2TK (A) and pGCD1co16 plasmids (B) respectively, under the different
incubation times and induction by 3 mM IPTG, through SDS-PAGE method. Lane 1: the
protein profile before expression induction; Lane 2: the protein profile after 1-hour
expression induction; Lane 3: the protein profile after 3 hours expression induction; Lane
4: the protein profile after 9 hours expression induction. The "*" symbols show the GST
position. The bacterium having the pGCD1co016 didn't express GST-VcCryDASH1co016.
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Figure 6. Expression analysis of the GST and GST-VcCryDASH1co016 in Rosetta strain
having the pGEX-2TK (A) and pGCD1co016 plasmids (B) respectively, under the different
incubation times and induction by 3 mM IPTG, through SDS-PAGE method. Lane 1: the
protein profile before expression induction; Lane 2: the protein profile after 1-hour
expression induction; Lane 3: the protein profile after 3 hours expression induction; Lane
4: the protein profile after 9 hours expression induction. The "*** symbols show the GST
and GST-VcCryDASH1c016 position.
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Figure 7. The investigation of GST-VcCryDASH1c016 solubility, in Rosetta strain having
the pGCD1c016, by SDS-PAGE method. Lane 1: Prestained Protein Ladder, Sinaclon Co
(the numbers of the left- side show the molecular weights of the protein ladder bonds in
kDa unit); Lane 2: the protein profile of the bacterial corpse (after cell wall disruption)
after 3 hours induction of protein expression in bacteria; Lane 3: the protein profile of the
supernatant (after cell wall disruption), after 3 hours induction of protein expression in
bacteria; Lane 4: the protein profile of the bacterial corpse (after cell wall disruption),
after 1 hour induction of protein expression in bacteria; Lane 5: the protein profile of the
supernatant (after cell wall disruption), after 1 hour induction of protein expression in
bacteria. The ""*" symbols show the position of the GST-VcCryDASH1c016.
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Figure 8. SDS-PAGE analysis of the purified GST and GST-VcCryDASH1co016. Lane 1:
unpurified supernatant with GST-VcCryDASH1c016; Lane 2: Prestained Protein Ladder
Sinaclon Co (the numbers of the left- side show the molecular weights of the protein
ladder bonds in kDa unit.); Lane 3: the GST-VcCryDASH1co16 in elution 3; Lane 4: the
GST-VcCryDASH1c016 in elution 2; Lane 5: the GST-VcCryDASH1co016 in elution 1;
Lane 6: unpurified supernatant with GST; Lane 7: the GST in elution 3; Lane 8: the GST
in elution 2; Lane 9: the GST in elution 1; The ""*" and ""**"" symbols show GST and GST-
VcCryDASH1c016, respectively.
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Figure 9. The alignment of the specific proteins in Cryptochrome/DNA photolyase protein
family, with DNA binding ability (TThPHR, EcPHRB, SynPHRA and SyncoPHR
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proteins) and without DNA binding ability (AtCryl protein), compare to VcCryDASH1 by
using Clustal omega algorithm. The proteins and their origin organisms are as follows:
TThPHR (Deoxyribodipyrimidine photo-lyase from Thermus thermophilus); ECPHRB
(Deoxyribodipyrimidine photo-lyase from E. coli); SynPHRA (Deoxyribodipyrimidine
photo-lyase from Synechocystis sp.); SyncoPHR (Deoxyribodipyrimidine photo-lyase from
Synechococcus sp.); AtCryl (Cryptochrome-1 from Arabidopsis thaliana); VcCrydlcol6
(Cryptochrome DASH1 from Volvox carteri). The red "*" symbols demonstrate the
positions of the key amino acids that bind to DNA.
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Table 2. Study of the damaged DNA- binding amino acids, in some specific members of the

Cryptochrome/photolyases protein family and VcCryDASH1co016 protein

(g pld Sy yod )3 039 (sl giuo]

Protein name Special amino acids in alignment

SyncoPHR V148 G150 R232 E283 W286 N349 R350 M353 W392 N407 Q411 K414 Q461
EcoPHR V150 T152 R227 E275 W278 N342 R343 M346 W385 N401 Q405 K408 R458
TtPHR V135 T137 R201 E244 W247 N310 R311 M314 W353 N369 Q373 K376 R407
SynPHRA V162 T164 R246 E297 W300 N363 R364 M367 WA406 N421 Q425 K428 Q477

VcCrydlcol6 V192 T194 N294 E342 W345 N408 R409 Q412 A451 N464 Q468 D471 R527
AtCryl M157 A159 R239 S293 L296 D359 R360 V363 Y402 N418 E422 K425 K481

» oxscbls syl Vo GIT R E w N R M w N Q K QR

Conserved PSRN

amino acids in
photolyases

ol (olordsn g Seidsm b Shy adlbe ) e gl wsd 258 i Slacnyy Silwpall 5 My

Sran S wilos ) Iy Joge sl Il col sl (st sulidcan 3 &5 Slojug ool J> & bnjgipe )58 3L oo

»E.coli 8L 49w 93 0 VECrYDASHL Sy gty Wos bl imngs ol ) bledd Slidss glp Olis

o ol Gimghy ol 5l Jols @l (e85 8 byl 350 ol sl e rizmen g ol ) Ciliee sla e
VA

Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



yyay 4&‘)&0& 9 (§90

Sl Jslonali 035 3y (Mg | (oo Ll iz 2 5 Celpl LB ROSBHA Sy g 53 (S50 cnl W55 oS
@5 2] Cants g ol o (wdoml Slislejl (sl ]y ol B e plge Sl oy (281 L el 20 0
duoy ooylaias 5,5 aseie VCCIYDASHL 5 |, DNA & oxgs Jaio slaswlgie] Sascblis o gjlocid on
gy 3,5 ookl 0sdww] DNA 2ol cubls (s 95 4 6Stb JoSge slonlpl sbol (cly cpigp oyl 5l ole
390 DNA o5 5 (omiwctil (JoUs0 Solis Cluogad byl e yider logesn sly ook il 2 s
2 e Jolse sbalil Ay gl odle ©jgon Sl (ol o Sy odalie ©jygoyd g C8)S Ml )3 oslinal

25 518 ool 390 (63,25 g by pole

Sl Sl
3 b o) 51 5 ool 01 gl Ml ol slags lSon 5 il 550 Jlo culos b oy ) slasiajo
Dgdise (51935 5 ;S5 dbgrye (g
References
Ahmed H (2004) Principles and reactions of protein extraction, purification, and
characterization. CRC Press, USA, pp. 71-131.
Birnboim HC (1983) A rapid alkaline extraction method for the isolation of plasmid DNA.
Methods Enzymol 100, 243-255.
Brudler R, Hitomi K, Daiyasu H et al. (2003) Identification of a new cryptochrome class.
Structure, function, and evolution. Mol Cell 11, 59-67.
Chaves I, Pokorny R, Byrdin M et al. (2011) The cryptochromes: blue light photoreceptors in
plants and animals. Annu. Rev. Plant Biol 62, 335-364.
Crick F (1999) The impact of molecular biology on neuroscience. Philos. Trans. Royal Soc. B
354, 2021-2025.
Crick FH (1979) Thinking about the brain. Sci Am 241, 219-232.
Deisseroth K (2011) Optogenetics. Nat Methods 8, 26-29.
Deisseroth K, Feng G, Majewska AK et al. (2006) Next-generation optical technologies for
illuminating genetically targeted brain circuits. J Neurosci 26, 10380-10386.
Kianianmomeni A (2015) UVB-based optogenetic tools. Trends Biotechnol 33, 59-61.
Kianianmomeni A, Hallmann A (2016) Algal Photobiology: A Rich Source of Unusual Light
Sensitive Proteins for Synthetic Biology and Optogenetics. In: Kianianmomeni A. (Eds.),

Optogenetics. Methods in Molecular Biology. Humana Press., New York, pp. 37-54.
Yy #4

Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500


https://www.abebooks.com/servlet/SearchResults?an=hafiz+ahmed&cm_sp=det-_-plp-_-author

(VFAY lime; £ 0 )lowd Y+ 2595) (5359UiS (559! 35S g dlmo

Kianianmomeni A, Stehfest K, Nematollahi G et al. (2009) A Channelrhodopsins of Volvox
carteri are photochromic proteins that are specifically expressed in somatic cells under
control of light, temperature, and the sex inducer. Plant Physiol 151, 347-366.

Konermann S, Brigham MD, Trevino A et al. (2013) Optical control of mammalian endogenous
transcription and epigenetic states. Nature 500, 472-476.

Laemmli UK (1970) Cleavage of Structural Proteins during the Assembly of the Head of
Bacteriophage T4. Nature 227, 680—685.

Li YF, Sancar A (1990) Active site of Escherichia coli DNA photolyase: mutations at Trp277
alter the selectivity of the enzyme without affecting the quantum vyield of photorepair.
Biochemistry 29, 5698-706.

Lin C, Todo T (2005) The cryptochromes. Genome Biol 6, 2201-2209.

Mahajan P, Strain-Damerell C, Gileadi O, Burgess-Brown NA (2014) Medium-throughput
production of recombinant human proteins: protein production in insect cells. Methods Mol
Biol 1091, 95-121.

Miesenbock G (2009) The optogenetic catechism. Science 326, 395-399.

Nagel G, Ollig D, Fuhrmann M et al. (2002) Channelrhodopsin-1: a light-gated proton channel
in green algae. Science 296, 2395-2398.

Nagel G, Szellas T, Huhn W et al. (2003) Channelrhodopsin-2, a directly light-gated cation-
selective membrane channel. PNAS USA 100, 13940-13945.

Rath A, Glibowicka M, Nadeau VG et al. (2009) Detergent binding explains anomalous SDS-
PAGE migration of membrane proteins. PNAS USA 106, 1760-1765.

Sievers F, Higgins DG (2018) Clustal Omega for making accurate alignments of many protein
sequences. Protein Sci 27, 135-145.

Torizawa T , Ueda T, Kuramitsu S et al. (2004) Investigation of the cyclobutane pyrimidine
dimer (CPD) photolyase DNA recognition mechanism by NMR analyses. J Biol Chem 279,
32950-32956.

Walsh G (2014) Proteins: biochemistry and biotechnology (2™ edn), Wiley Blackwell, UK, pp.
65-89.

YV

Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500


https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20YF%5BAuthor%5D&cauthor=true&cauthor_uid=2200511
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sancar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=2200511
https://www.ncbi.nlm.nih.gov/pubmed/2200511
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burgess-Brown%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=24203326
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sievers%20F%5BAuthor%5D&cauthor=true&cauthor_uid=28884485
https://www.ncbi.nlm.nih.gov/pubmed/?term=Higgins%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=28884485
https://www.ncbi.nlm.nih.gov/pubmed/?term=Torizawa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15169780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ueda%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15169780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuramitsu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15169780

