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所以我们想通过序列比对以及同源模建看看这几个物种的蛋白结构有没有差异，有多少差异。顺便看一下理论和实际工作相互有没有冲突，还是吻合
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Chemical magnetoreception in birds: the radical pair mechanism Rodgers & Hore
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Supports for
cryptochrome as the magnetoreceptor

b \ 7

10ns 5 / \ A0 ns

A T/_’, f‘ﬁq\ = =

i e e gt
et &

E¥ Wp, |t -2“\ ._..H.
S N e B By e
P ol - -,-r-f"'_q— =

g .:. Trp400 .--’p']'rp324 - p ';,‘;____*_..ﬁ N;T-[_{_ \TJ Irp 377
: .f..: 2 . ] ‘V-" -L-‘:\ _., W
) S S N>
T e " Trp 400
rp ¢
4 AL 100 ns
=

only in singlet state

Cryptochromel of Arabidopsis Thaliana (PDB ID: 1U3D)
Phys. Today 61(3), 29 (2008); doi: 10.1063/1.2897947
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Annu. Rev. Plant Biol. 2011. 62:335-64
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‘ ‘ Taxonomy ‘ ‘ 1‘-‘ Organism
+ Eukaryota (10) * Arabidopsis thaliana (&)
+ Bacteria (2) « Mus musculus (3)

« Homo sapiens (2)

Drosophila melanogaster (1)
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lD M5 Alignment Explorer (Phylofinalysis-p=siblast-swissprot.mas)

Cata Edit Search Alignment Web Sequencer Display Help

[0 = = | i o

Protein Sequences l
SpeciegssSaAbBEbra
1. gilllB85TEZ49 | sp|QESTECS_Z|CRY]1 ERIRTD:-4-505 BecHame: FullCryptochrome-—1
Z2. gilBZ2051801 |sp|QeZZ¥0_1 |CRY]1 SYLBO:-:4-505 BecHame: FullCryptochrome—1
3. gilBZ2l04700|sp|@BQEe]l 1 |CRY]1 CHICE:4-505 BecMame: FullCryptochrome—I1
4 gi|81882230|sp | P977E84 1 |CEY]1 MOUSE:-4-—-505 BecHame: FullCfryptochrome—1
5. gi| 74735784 |splQles2e.]1 | CEREY]1 HUMAMN:4-505 RecHamse: FullCryptochromes—1
&. gi| 750485080 |sp|QEBWEL1S 1 |CREY]1 MLCFA-4-505 BecHame: FullCryptochrome-—1
T. gilllB85TEZS01sp|@3E08ae_1 |CRY]1 BAT:-4-505 RechName: FullCryptochrome-—1
8. gilBlEecd4807 |sp|Q70aDs_1 |CRY]1 SBPAIJD:-:4-505 BecHame: FullCryptochrome—I1
9. gilBl882058 |sp| Q98154 1 |CRYZ MOUSE-ZZ-523 BecMame: FullCryptochrome—2Z
10. gilll8s57225]1 |sp|980Eeld_ 2 |CRYZ CHICE:-14—514 RecHame: FullCfryptochrome—2
11. gilll8s5 72252 |sp|@498aN0_2 |CRYZ HIOMARMN:Z32-524 RecHame: FullCryptochrome—2I
1Z2. gil8l8e7el3|gp|QSZ23TI8_ 1 |CRYZ RAT:Z2Z2-523 BecHame: FullCryptochrome—2I .
12. gil|30&e7568348 |sp|D48652Z2 _Z | OVES BRRATH:Z6—5Z2Z5 RecHame: Full (&¢é—4)DN3 photolyase BltName: FullFE]
14. gillZ2Z2lose5Z2c|sp|QI17DES. 1 |CREY]1 AFEDAE:-4—-517 RecHame: FullCryptochrome-—1 |
15. gilS970480Z2Z3 |sp| B77967 2 | CEYD SYN¥3:7—-482Z BecHame: FullCryptochroms DRSH
1e. gil81834455|gp | Q7HMD]I _1 |CREYD SI.OWVI-5—492 RBecHName: FullCryptochromse DESH
17. gil970479833 |sp|QF7UJEL 2 |CREYD BRHOBR-3—4588 BRecHNamse: FullCryptochroms DESH
15. gilZ20569a380 | sp | @7E¥YIT._4 |CRY]1 ANOEA-4—-517 RecHame: FullCryptochrome—1 ShortaglCBRY1l .
193. gi|3704770Z2 | sp|Q4FMLE _Z | CRYD DEMNRE:&—458]1 BRecHame: FullCryptochrome DBESH AltMame: FullProte]
Z20. gilB82Z2398Z51sp|Q75WS4_ 1 |CEYD HENLA:5-500 RecHame: FullCryptochroms DRESH |
21 . gilZ05&696352 |sp|QZ93P8_2 |CEY]1 DEOES:7-517 RecHame: FullCryptochrome-—1 .
22 gil|l 74960862 |sp| 077059 _1 |CEREY]1 DROME:7-517 BecHName: FullCryptochrome—1 ShortDmCEREY]1 Shortdcry|
22. gil20e75e229 | gp | QOEZY] 1 |UVESE DE¥SJ-15—51]1 RecHame: Full (&£—4)DMZ photolyase '
24 . gil3704778c0|lgp | Q3TIEPES 1 |CREYD HMATPD:-3—470 BeclNamse: FullCryptochromse DESH .
Z25. gil|ll3015Z |spl|EBF005314_ 1 | FHE ECOLI:-3—470 RecHame: FullDeoxyribodipyrimidine photo—lyase A1 tMNay
2. gilllao8Z5715|sp | 3E8J0Z2 _Z2 | CEREYD SOLL.LC:-50-547 RBecHMHame: FullCryptochrome DAESH chloroplastic//mi{
Z27. gil3913379|sp|Qo9c524 2 |CREYZ ARARTH:&—497 BecHame: FullCryptochrome—2 AltHName: FullBlue lighi
Z28_. gilZ2499552 |sp Q55081 1 |PHE SYHNY3:20—484 RBecHame: FulllDeoxyribodipyvrimidine photo—lyvase &1+]
29, gilZ20141s33|sp| P25078_ 2 | PHE SALTY:32—47]1 RecHame: FulllDecxyribodipyrimidine photo—lyvase 21t]
30. gilllss5S5452 |gp | POS3Z27_4 | PHE SYHPo:-&e—477 BeclNamse: FullDeoxyribodipyrimidine photo—lyase X114
2l. gil|37047ae73|sp|QE4EJIS _Z | CRYD ARATH:Be—5Z28 BecHName: FullCryptochrome DBESH chloroplasticSmitd
BZ2. gil|l 75322263 |sp | Q5101 1 |CRYD QEYSJI:-:8c6—579 BecHame: FullCryptochrome DAESH chloroplastic//mitq
33. gillll33758|spl|lPS57386 .1 |PHE BUCAT:-3—-479 BecHame: FulllDeoxyribodipyrimidine photo—lyase 21t)
34 gil| 730324 |sp|P40115_1 |CREY]1 STHAT.z:&—4598 BRBecHame: FullCryptochrome—1 21 tMName: FullBlue light|
35. gil28l1858027 |sp|QSFENAS 1| PHE VIBCH:Z2—4g8 RecHame: FulllDecxyribodipyrimidine photo—lyase 21t]
3. gilZ9828c845 |sp | Q04449 _2 |PHE BRACPE:10—475 RecHame: FulllDeoxyribodipyrimidine photo—lyasse &)
B27. gill30155|spl|lBPE75ZE6.1 | FHE NEUOCR:137—6368 BecHame: FullDeoxyribodipyrimidine photo—lyase 21 t)
FE. gil47117035 | s |09HO4s_2 | PHE HATLSE-3—478 BecHame: FullDeoxvribodipyvrimidine photo—lwase #l1t]l
&£
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用鸟cryptochrome蛋白利用psi-blast进行了3次，设置evalue为0.01，最后有62个结果
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0i|97048023|sp|P77967.2|CRYD_SYNY3:7-482 RecName: FullCryptochrome DASH

gi|97047786|sp|Q3IPX9.1|CRYD_NATPD:3-470 RecName: FullCryptochrome DASH

0i|97047983|sp|Q7UJB1.2|CRYD_RHOBA:3-488 RecName: FullCryptochrome DASH

0i|110825715|sp|Q38JU2.2|CRYD_SOLLC:80-547 RecName: FullCryptochrome DASH chloroplastic/mitochondrial AltName: FullCryptochrome-3 Flags: |
0i|82239825|sp|Q75WS4.1|CRYD_XENLA:9-500 RecName: FullCryptochrome DASH

0i|116248577|sp|Q8LB72.2|PHR2_ARATH:120-427 RecName: FullBlue-light photoreceptor PHR2

0i|81858080|sp|Q9KR33.1|CRYD_VIBCH:7-417 RecName: FullCryptochrome DASH

0i|74696815|sp|Q7SI68.1|CRYD_NEUCR:7-581 RecName: FullPutative cryptochrome DASH mitochondrial Flags: Precursor
0i|81999775|sp|Q5UP28.1|YR853_MIMIV:2-101 RecName: FullUncharacterized protein R853

0i|118572250|sp|Q32Q86.1|CRY1_RAT:4-505 RecName: FullCryptochrome-1

0i|75048080|sp|Q8WP19.1|CRY1_MACFA:4-505 RecName: FullCryptochrome-1

0i|81882230|sp|P97784.1|CRY1_MOUSE:4-505 RecName: FullCryptochrome-1

0i|82091801|sp|Q6ZZY0.1|CRY1_SYLBO:4-505 RecName: FullCryptochrome-1

0i|81867613|sp|Q92318.1|CRY2_RAT:22-523 RecName: FullCryptochrome-2

0i|118572251|sp|Q8QG60.2|CRY2_CHICK:14-514 RecName: FullCryptochrome-2

0i|205696352|sp|Q293P8.2|CRY1_DROPS:7-517 RecName: FullCryptochrome-1

0i]205696380|sp|Q7PY17.4|CRY1_ANOGA:4-517 RecName: FullCryptochrome-1 ShortagCRY 1

0i|205694137|sp|BOWRR9.1|CRY1_CULQU:115-471 RecName: FullCryptochrome-1

0i|730324|sp|P40115.1|CRY1_SINAL:6-498 RecName: FullCryptochrome-1 AltName: FullBlue light photoreceptor
0i|306756349|sp|048652.2|UVR3_ARATH:26-525 RecName: Full(6-4)DNA photolyase AltName: FullProtein UV repair defective 3
0i|313104153|sp|P58818.2|PHR_METTM:22-442 RecName: FullDeoxyribodipyrimidine photo-lyase AltName: FullDNA photolyase AltName: FullPhotorea
0i|464378|sp|P34205.1|PHR_CARAU:111-538 RecName: FullDeoxyribodipyrimidine photo-lyase AltName: FullDNA photolyase AltName: FullPhotoreacti
0i|75201504|sp|Q9SB00.1|PHR_ARATH:30-473 RecName: FullDeoxyribodipyrimidine photo-lyase AltName: FullAtCPDII AltName: FullDNA photolyase £
gi|47117035|sp|Q9HQ46.2|PHR_HALSA:3-478 RecName: FullDeoxyribodipyrimidine photo-lyase AltName: FullDNA photolyase AltName: FullPhotoreact
0i|47606704|sp|P61497.1|PHR_THET8:5-390 RecName: FullDeoxyribodipyrimidine photo-lyase AltName: FullDNA photolyase AltName: FullPhotoreactiv
0i|130152|sp|P00914.1|PHR_ECOLI:3-470 RecName: FullDeoxyribodipyrimidine photo-lyase AltName: FullDNA photolyase AltName: FullPhotoreactivati
0i|465501|sp|Q05380.1|YAT1_SYNP1:6-284 RecName: FullUncharacterized 31.6 kDa protein in atpl 5Sregion AltName: FullURF1
0i|2499552|sp|Q55081.1|PHR_SYNY3:20-484 RecName: FullDeoxyribodipyrimidine photo-lyase AltName: FullDNA photolyase AltName: FullPhotoreacti
0i|11133758|sp|P57386.1|PHR_BUCAI:3-479 RecName: FullDeoxyribodipyrimidine photo-lyase AltName: FullDNA photolyase AltName: FullPhotoreactiv
0i|46396630|sp|Q89AJ9.1|PHR_BUCBP:4-473 RecName: FullDeoxyribodipyrimidine photo-lyase AltName: FullDNA photolyase AltName: FullPhotoreact
0i|81858115|sp|Q9KS67.1|CRY2_VIBCH:5-469 RecName: FullCryptochrome-like protein cry?2
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按下图用最大似然度法构树，用默认条件，选择alignment文件。
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显示图时选择radiation画法，在tree options去掉选择显示物种名，得左图。
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JiE—: Swiss-Model

Workunit: P000002 RobinCRY1 - Overview

620
Print/Save this page as )
Model Summary 7
Model information: Quaternary structure information: [details]«
Modelled residue range: 4 to 505 _ Template (4i6)): HETERO TRIMER
Based on template: [4i6]A]w (2.70 A) Model built :SINGLE CHAIN
Sequence Identity [%] 80.68
Evalue: 0.00e-1 Ligand information: [details]«
Ligands in the template: none.
Quality information: [details]« Ligands in the model: none.
QMEAN Z-Score: -1.4 |

logs: [Templates]s [Alignment]s [Modelling]s
display model: as [pdb]» - as [DeepView project]» - in [AstexViewer]s
download model: as [pdb]s - as [Deepview project]+ - as [text]+
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{A ubiquitin ligase-substrate complex J 416J % Download Files *
Share this Page *

DOI:10.2210/pdb4i6j/pdb

Primary Citation { Biological Assembly ?

SCFFBXL3 ubiquitin ligase targets cryptochromes at their cofactor pocket.

Xing, W.~, Busino, L./, Hinds, T.R./”, Marionni, S.T.”, Saifee, N.H.”, Bush,
M.F.~, Pagano, M.”, Zheng, N.

Journal: (2013) Nature 496: 64-68

PubMed: 23503662 [/
PubMedCentral: PMC3618506 [
DOI: 10.1038/nature11964 &
Search Related Articles in PubMed }.ﬁ

PubMed Abstract:

The cryptochrome (CRY) flavoproteins act as blue-light receptors in plants and insects, but
perform light-independent functions at the core of the mammalian circadian clock. To drive clock
oscillations, mammalian CRYs associate with the Period proteins (PERs) and together inhibit the
transcription of their own genes. The SCF(FBXL3) ubiquitin ligase complex controls this negative & View in 3D More Images...
feedback loop by promoting CRY ubiquitination and degradation. However, the molecular
mechanisms of their interactions and the functional role of flavin adenine dinucleotide (FAD)

binding in CRYs remain poorly understood. Here we report crystal structures of mammalian Downloadable vi .
DV im ite armn EANChAnnd and EBVI 2_CKFD1 _ramnlavad farme Nictinet fram athar LI LS SIS TR

Biological assembly 1 assigned by authors
and generated by PISA (software)
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根据Swiss反馈回来的信息，我们发现选用模板并不是拟南芥或者果蝇的CRY1蛋白质序列，而是小鼠的CRY2，可能是因为恒温动物蛋白序列更相似。
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QMEAN4是一种评分标准，不是软件。是Swiss自带的。
h表示α螺旋，s表示β折叠。可以看出用swiss model自动模板建模只能到500多一点，后面的部分没有模板所以也就没有建模。
QMEAN4 score是一个介于0到1之间的对整个建模进行的打分，越靠近1，模型建的越好。
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通过Anolea计算蛋白链上每个氨基酸的能量，能量越低（绿色）表面蛋白结构越稳定，建模越好。红色部分表示建模不理想


Swiss Model Jx 1 ) & ' M CRY1E B CRY1
Y CRY1E HL5 M ey AR
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最后就是看到结构挺相似的，没有得到其他有用的信息。而且罗宾鸟的CRY有620个氨基酸，Swiss建模由于模板不够长，得到的蛋白结构只有505，少了一百多个氨基酸。我们通过文献调研知道，在众多生物中CRY之所以可以结合不同的下游底物，关键就是有不同的C端。


J5E . modeller

¥ HUARACLPE SE A Al
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i+ Alignments
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Accession
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L
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0.0 53%

Joscyiee score score cover value ident
:D Chain A, A Ubiquitin Ligase-substrate Complex 666 888 81% 00 81%
|E] Chain A AVertebrate Cryptochrome =pdb|4I6GJA Chain A A Vertebrate Cryptochrome With Fad =pdbl4I6G|B Chain B, A Vertebrate Cryptochrome W 871 871 79% 00 81%
\[C] Chain &, Drosaphila Melanogaster (6-4) Photalyase Bound To Ds Dna With AT-T (6-4) Photolesion >pdb|3CVY|A Chain A Drosophila Melanogaste 542 542 78% 0.0  53%
.D Chain A Drosophila Melanogaster (6-4) Photolyase H365n Mutant Bound To Ds Dna With A T-T (6-4) Photolesion And Cofactor FO h40 540 T8%
|1 Chain A Drosophila Melanogaster (6-4) Photolyase H369m Mutant Bound To Ds Dna With A T-T (-4) Photolesion K39 539 T78% 00 53%
| Chain A, (6-4) Photolyase Crystal Structure =pdb|3FY4|B Chain B, (6-4) Photolyase Crystal Structure =pdb|3FY4|C Chain C, (6-4) Photolvase Crysta 512 512 78% 5e-175 50%
\[E] Chain A, Structure Of Ful-length Drosophila Cryptochrome =pdbl4GUSIB Chain B Structure Of Fulllength Drosophila Cryptochrome M3 79% 3e-120 40%
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用blastp在pdb蛋白库中搜索相似序列，最为相似的是鼠的cryptochrome的蛋白，也就是swiss-model中自动选择的用来同源模建的蛋白。
第二个也是小鼠的cryptochrome蛋白
第三个到第五个均是果蝇的光裂解蛋白，可见cryptochrome跟光裂解蛋白相似度确实较近
第七个是果蝇的cryptochrome蛋白。
我们选择了前五个E值为0的进行多序列同源模建


*  #% Query Results % 47 Modeller % 47 Modeller X =+

| @x=x $FT1 L4 F==

MAX-PLANCK-CEZSELLECHAFT
Show results of job:

Show results

| Login | PDBalert | Personal Database

Bioinformatics Toolkit
Max-Planck Institute for Developmental Biology

[ Search | Alignment | Sequence Analysis | 2ary Structure Classification | utils |

bFit HHfrag | Modeller

KE T, T
Select

all Deselect all

Clear sel. Jobs

Delete sel. Jobs

gueued

running

done

2rmor

(Help)
Modeller
Input

Paste multiple alignment >3p|Q5IZC5 |CRY1 ERIRU Cryptochrome-1 0S5Erithacus rubecula GHNCEY1 Fl =

—————————————————————————— MGVIAVHWFRKGLRLEDNEALRECIRGADTVR----—-CV|[E]
>4T67 | A

-------- MAAAAVVAATVEAQSMGADGAS SVHWFRKGLRLHDNPALLARVRGARCVR -~ ——-~CV
>4T6E | -
* il W

The first sequence in the multiple alignment must be the query sequence, the
other sequences are used as templates. In each template the first word in
the header has to be the PDB- or SCOP-identifier. Paste example sequence.

or upload a local file gt | FEE
Select input format FASTA E|
Options

Enter own alignment identifier (must be the identifier from the alignment above!)

upload PDE files iRt | FRETH



演示者
演示文稿备注
对选择的序列进行多序列比对，然后将数据导入到medeller中进行模建
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演示者
演示文稿备注
VERIFY3D评估氨基酸在序列中的相容性，根据某氨基酸的位置以及周围氨基酸将氨基酸分为不同的结构类别，然后看这些结构的相容性。红色面积很差，红色直线表示差。可以看到在C端的建模确实较差，其他部分局部较差
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演示者
演示文稿备注
SOLVX用蛋白溶解能力做计算评估。红色面积很差，红色直线表示差。可以看到在C端的建模确实较差
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演示者
演示文稿备注
通过Anolea计算蛋白链上每个氨基酸的能量，能量越低（绿色）表面蛋白结构越稳定
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演示者
演示文稿备注
不论是方法一还是方法二最后的505bp~620bp建模效果较差


H H 45 1) EER

magic fit modller Ci5if5) FlSwiss magic fit modller GRIA) 5 ilEH
modelt5id (FEfh) 458 ffjcryptochrome 4GU5-B (3% 14)



演示者
演示文稿备注
左边magic fit  modller（蓝色）和Swiss model模建（黄色）结果
后边图magic fit  modller（深蓝色）与4G5U-B（浅蓝）几乎完全重合。
但是翘起了一个尾巴，这也就是505bp到620bp片段
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Color Key for alignment scores

<40 40-50 _ S50-80 BO-200 =200
Query #
1 20 A0 &G0 =0 100

Déscupion STE:; ;3:; ?:Effer!: vaII:_ue ilﬁ
RecMame: Full=Cryptochrome-1 =gb|AAW48290.1] cryptochrome-1a [Erithacus rubecula] 231 231 100% 4e-70 100%
RecMame: Full=Cryptochrome-1 =emb|CAG14931.1| cryptochrome 1 [Sylvia borin] 217 217 93% 5Le-b5 95%
Cryptochrome-1, partial [Anas platyrhynchos) 212 212 100% 2e-63 91%
Cryptochrome-1, partial [Columba livial 206 206 93% 3e-b61 93%
cryptochrome-1 [Gallus gallus] =sp|QBQGE1.1|CRY1_CHICK Rechame: Full=Cryptochroi 192 192 §53% 8e-5b 85%
cryptochrome 1 {photolyase-like) [Xenopus laevis] =gb|AAHT72120.1] Cry1-A protein [Xeno| 136 136 100% 1e-35 61%
cryptochrome 1 [{enopus laevis] 136 136 100% 2e-35 61%
cryptochrome 1 [Podarcis siculus] 134 134 92% 7Ve-35 63%
cryptochrome 1 {photolyase-like) [Xenopus (Silurana) tropicalis] =gb|AAIE1038.1] Unknow 129 129 94% 1e-32 59%
cryptochrome-1b [Erithacus rubeculal 123 123 49% 8e-31 100%
cryptochrome 1 [{enopus (Silurana) tropicalis] 120 120 89% 9e-30 59%
cryptochrome-1 [Mus musculus] =sp|P97784 1|CRY1 MOUSE RecMame: Full=Cryptochr 119 119 100% 4e-29 54%
Cryptochrome-1 [Bos grunniens mutus] 116 116 100% 3e-268 52%



演示者
演示文稿备注
拿出后边的115bp在ncbi中进行blast，相似度比较高的都是些禽类的cryptochrome蛋白，
anas platyrhynchos 绿头鸭
columba livia原鸽
Gallus 鸡
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Organism
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Arabidopsis thaliana (6)

Mus musculus (3)

Homo sapiens (2)
Drosophila melanogaster (1)


演示者
演示文稿备注
看了一下PDB已有的cryptochrome有没有这个物种的，但是没有。这些蛋白也没有明确的结构，故而无法知道这部分的蛋白结构了。同时可以看出这多出来的115bp是老鼠、果蝇以及拟南芥中没有的，而在鸟类中则存在。猜测这部分蛋白质可能有着比较重要的功能。有待进一步研究
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Chemical magnetoreception in birds: the radical pair mechanism Rodgers & Hore
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