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Figure S1. MS mapping of phosphorylation sites on Sla1. Amino acids covered by 
the mapping are highlighted in bold. CDK consensus sites are shaded in grey and 
putative Prk1 recognition motifs are underlined. Asterisks (*): phosphorylated Thr or 
Ser within CDK sites; Black dots (•): phosphorylated Thr within Prk1 recognition 
motifs; Open circles (o): Other phosphorylated Thr and Ser residues.  
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Figure S2. Subcellular localization of Sla1 during yeast and hyphal growth. (A) 
Visualization of GFP-Sla1 in yeast and hyphal cells of GZY707 (sla1∆/PMET3-GFP-
SLA1). (B) Visualization of GFP-Sla1 and Act1-mCherry in yeast and hyphal cells of 
GZY752 (sla1∆/PMET3-GFP-SLA1 ACT/ACT1-mCherry). Cells were either grown in 
GMM at 30°C, or induced for hyphal formation by incubating with 20% FBS at 37°C 
for several hours. Samples were taken at the indicated time points and cells were 
fixed with Stopmix before microscopic visualization. Note that Act1-mCherry is not 
fully functional in vivo and results in abnormal hyphal morphology.  
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Figure S3. Actin cytoskeleton organization and LY uptake in sla1∆/∆ cells. (A and B)  
Direct visualization of actin cytoskeleton in the sla1∆/∆ cells during yeast (A) and 
hyphal growth (B). WT (GZY730) and sla1∆/∆ (GZY733) cells expressing Lifeact-
GFP were either grown in GMM at 30°C or induced for hyphal growth with 20% FBS 
at 37°C for 1 to 2 h. Cells were fixed with Stopmix for microscopy. (C) LY uptake of 
the sla1∆/∆ cells. WT (BWP17) and sla1∆/∆ (GZY602) cells were grown in GMM at 
30°C and incubated with LY for 20, 40, and 60 min, respectively. Cells were washed 
with PBS and examined for LY uptake.  
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Figure S4. Defective hyphal formation of sla1 C-terminal truncated mutants. (A) 
Schematic diagram to indicate the regions absent in different sla1 mutants. (B) 
Hyphal morphology of the sla1 C-terminal truncated mutants. Cells of SLA1-WT 

(GZY652), sla1-∆C502 (GZY625), sla1-∆C385 (GZY629), and sla1-∆C64 (GZY639) 
were grown in YPD at 30°C and induced for hyphal growth by incubation with 20% of 
FBS at 37°C. Samples were taken at 1-h intervals upon hyphal induction for 
morphological examination.   

 

 

  5



Movie 01.  Live cell imaging of Lifeact-GFP in BWP17 (GZY730) yeast cells.   

Movie 02.  Live cell imaging of Lifeact-GFP in sla1∆/∆ (GZY733) yeast cells.   

Movie 03.  Live cell imaging of Lifeact-GFP in BWP17 (GZY730) hyphal cells.   

Movie 04.  Live cell imaging of Lifeact-GFP in sla1∆/∆ (GZY733) hyphal cells.  
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Table S1. Yeast strains used in this study 
   Strain                                        Relevant genotype*                       
BWP17        ura3::imm434/ura3::imm434 his1::hisG/his1::hisG arg4::hisG/arg4::hisG (Wilson et al., 

1999) 

IS82          ccn1Δ::URA3-FLP/ccn1Δ::ARG4 (Sinha et al., 2007) 

IS89          cdc28F85G-ARG4/cdc28Δ::HIS1 (Sinha et al., 2007) 

WYZ12        hgc1Δ::ARG4/hgc1Δ::HIS1 (Zheng et al., 2004) 

GZY559       CLN3/CLN3-Myc-URA3 

GZY584       SLA1/SLA1-HA-ARG4 

GZY585       CLN3/CLN3-Myc-URA3 SLA1/SLA1-HA-ARG4 

GZY601       SLA1/sla1Δ::FRT 

GZY602       sla1Δ::FRT/sla1Δ::ARG4 

GZY603       cln3Δ::FRT/PMET3-Myc-CLN3-ARG4 

GZY622       cln3Δ::FRT/PMET3-Myc-CLN3-ARG4 SLA1/SLA1-HA-URA3 

GZY624       hgc1Δ::ARG4/hgc1Δ::HIS1 SLA1/SLA1-HA-URA3 

GZY625       sla1Δ::FRT/sla1Δ::ARG4 sla1-ΔC502-HA-URA3 

GZY629       sla1Δ::FRT/sla1Δ::ARG4 sla1-ΔC385-HA-URA3 

GZY631       SLA1/PGAL1-HA-SLA1-URA3 

GZY639       sla1Δ::FRT/sla1Δ::ARG4 sla1-ΔC64-HA-URA3 

GZY641       cdc28F85G-ARG4/cdc28Δ::HIS1 CLN3/CLN3-Myc-URA3 

GZY652       sla1Δ::FRT/sla1Δ::ARG4 SLA1-WT-HA-URA3 

GZY658       sla1Δ::FRT/sla1Δ::ARG4 sla1-13A-HA-URA3 

GZY670       sla1Δ::FRT/sla1Δ::ARG4 sla1-13E-HA-URA3 

GZY707       sla1Δ::FRT/PMET3-GFP-SLA1-URA3 

GZY718       sla1Δ::FRT/sla1Δ::ARG4 SLA1-WT-HA-URA3 PAN1/PAN1-Myc-HIS1 

GZY719       sla1Δ::FRT/sla1Δ::ARG4 sla1-13A-HA-URA3 PAN1/PAN1-Myc-HIS1 

GZY720       sla1Δ::FRT/sla1Δ::ARG4 sla1-13E-HA-URA3 PAN1/PAN1-Myc-HIS1 

GZY727       sla1Δ::FRT/sla1Δ::ARG4 sla1-23E-HA-URA3 

GZY730       TEF1/tef1::PTEF1-LifeAct-GFP-HIS1 

GZY733       sla1Δ::URA3-FLP/sla1Δ::ARG TEF1/tef1::PTEF1-Lifeact-GFP-HIS1 

GZY739       sla1Δ::FRT/sla1Δ::ARG4 SLA1-WT-HA-URA3 TEF1/tef1:: PTEF1-LifeAct-GFP-HIS1 

GZY740       sla1Δ::FRT/sla1Δ::ARG4 sla1-13A-HA-URA3 TEF1/tef1:: PTEF1-LifeAct-GFP-HIS1 

GZY741       sla1Δ::FRT/sla1Δ::ARG4 sla1-13E-HA-URA3 TEF1/tef1:: PTEF1-LifeAct-GFP-HIS1 
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GZY742       ccn1Δ::FRT/ccn1Δ::ARG4  

GZY744       ccn1Δ::FRT/ccn1Δ::ARG4 SLA1/SLA1-HA-URA3 

GZY745       prk1Δ::ARG4/prk1Δ::HIS1 SLA1/sla1Δ::FRT  

GZY746       MET3/MET3::PMET3-ARN1-GFP-URA3 

GZY747       sla1Δ::FRT/sla1Δ::ARG4 MET3/MET3::PMET3-ARN1-GFP-URA3 

GZY750       prk1Δ::ARG4/prk1Δ::HIS1 sla1Δ::FRT/SLA1-HA-URA3 

GZY752       SLA1/PMET3-GFP-SLA1-HIS1 ACT1/ACT1-mCherry-TADH1-URA3 

GZY761       sla1Δ::FRT/sla1Δ::ARG4 SLA1-WT-HA-URA3 MET3/MET3::PMET3-ARN1-GFP-HIS1 

GZY762       sla1Δ::FRT/sla1Δ::ARG4 sla1-13A-HA-URA3 MET3/MET3::PMET3-ARN1-GFP-HIS1 

GZY763       sla1Δ::FRT/sla1Δ::ARG4 sla1-13E-HA-URA3 MET3/MET3::PMET3-ARN1-GFP-HIS1 

 

* Strains used in this study are of derivatives of BWP17. 
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Table S2. Plasmid constructs used in this study 
 Construct                                                    Description 

CIP10U Yeast integration vector generated by removing the RP10 gene from CIp10 (Murad et 
al., 2000). 
 

pYGS829 CLN3c-Myc-UTR/CIP10U; DNA fragment encoding Cln3 (268-465 aa) was cloned in 
frame with a C-terminal 6xMyc epitope (followed by UTR, the 3’ untranslated region of 
CaGAL4) into CIP10U. The plasmid was linearized by BamHI within CLN3 for 
integration to generate CLN3-Myc-URA3. 
 

pYGS837 GST-CLN3; DNA fragment encoding Cln3 (1-465 aa) was cloned into pGEX-4T-1. 

pYGS859 SLA1c-HA-UTR/CIP10U; DNA fragment encoding Sla1 (658-1257 aa) was cloned in 
frame with a C-terminal 2xHA epitope (followed by UTR) into CIP10U. The plasmid was 
linearized by XcmI within SLA1 for integration to generate SLA1-HA-URA3. 
 

pYGS861 CLN3ΔURA3-FLP/pBKS; CLN3 promoter region (-556 to -1 bp) and terminator region 
(1399 to 1773 bp) were cloned to flank the CaURA3 flipper in pBKS vector. The knock-
out cassette was released by KpnI and SacII for transformation to generate cln3Δ::FRT. 
 

pYGS868 SLA1ΔURA3-FLP/pBKS; SLA1 promoter region (-509 to -1 bp) and terminator region 
(3775 to 4240 bp) were cloned to flank the CaURA3 flipper in pBKS vector. The knock-
out cassette was released by KpnI and SacII for transformation to generate 
sla1Δ::URA3-FLP and sla1Δ::FRT. 
 

pYGS870 SLA1ΔARG4/pBKS; CaURA3 flipper in pYGS868 was replaced with CaARG4. The 
knock-out cassette was released by KpnI and SacII for transformation to generate 
sla1∆::ARG4. 
 

pYGS877 CLN3ΔARG4-PMET3-Myc/pTEZ; CLN3 promoter region (-444 to -1 bp) and coding region 
(1 to 500 bp) were cloned to flank ARG4-PMET3-Myc (CaARG4 followed by 6xMyc 
epitope under CaMET3 promoter control)  in pTEZ vector. The knock-in cassette was 
released by KpnI and SacII for transformation to generate PMET3-Myc-CLN3-ARG4. 
 

pYGS893 SLA1c-HA-UTR/CIP10A; CaURA3 in pYGS859 was replaced with CaARG4. The 
plasmid was linearized by XcmI within SLA1 for integration to generate SLA1-HA-
ARG4. 
 

pYGS894 SLA1ΔC502-HA-UTR/CIP10U; DNA fragment encoding Sla1 (457-755 aa) was cloned 
in frame with a C-terminal 2xHA epitope (followed by UTR) into CIP10U. The plasmid 
was linearized by SalI within SLA1 for integration to generate SLA1ΔC502-HA-URA3.  
 

pYGS895 PGAL1-HA-SLA1n/CIP10U; DNA fragment encoding Sla1 (1-304 aa) was cloned in frame 
with an N-terminal 2xHA epitope (under CaGAL1 promoter control) into CIP10U. The 
plasmid was linearized by BsaBI within SLA1 for integration to generate PGAL1-HA-
SLA1-URA3. 
 

pYGS896 SLA1ΔC385-HA-UTR/CIP10U; DNA fragment encoding Sla1 (457-872 aa) was cloned 
in frame with a C-terminal 2xHA epitope (followed by UTR) into CIP10U. The plasmid 
was linearized by SalI within SLA1 for integration to generate SLA1ΔC64-HA-URA3.  
 

pYGS913 SLA1ΔC64-HA-UTR/CIP10U; DNA fragment encoding Sla1 (658-1193 aa) was cloned 
in frame with a C-terminal 2xHA epitope (followed by UTR) into CIP10U. The plasmid 
was linearized by XcmI within SLA1 for integration to generate SLA1ΔC385-HA-URA3.  
 

pYGS920 Pro-SLA1-WT-HA-UTR/CIP10U; DNA fragment containing SLA1 promoter and coding 
region (-1000 to 3771 bp) was cloned in frame with a C-terminal 2xHA epitope (followed 
by UTR) into CIP10U. The plasmid was linearized by PmeI (generated by mutagenesis 
at promoter region -550 bp) for integration to generate SLA1-WT-HA-URA3. 
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pYGS924 Pro-sla1-13A-HA-UTR/CIP10U; pYGS920 was used as the template for mutagenesis to 

introduce 13 mutations (T181A, S194A, T201A, T611A, S690A, T720A, S757A, T767A, 
S800A, T805A, T865A, S1194A, T1250A) on Sla1. The plasmid was linearized by PmeI 
for integration to generate sla1-13A-HA-URA3. 
 

pYGS929 Pro-sla1-13E-HA-UTR/CIP10U; pYGS920 was used as the template for mutagenesis to 
introduce 13 mutations (T181E, S194E, T201E, T611E, S690E, T720E, S757E, T767E, 
S800E, T805E, T865E, S1194E, T1250E) on Sla1. The plasmid was linearized by PmeI 
for integration to generate sla1-13E-HA-URA3. 
 

pYGS964 PMET3-GFP-SLA1n/CIP10U; DNA fragment encoding Sla1 (1-304 aa) was cloned in 
frame with an N-terminal GFP epitope (under CaMET3 promoter control) into CIP10U. 
The plasmid was linearized by BsaBI within SLA1 for integration to generate PMET3-
GFP-SLA1-URA3. 
 

pYGS965 PMET3-GFP-SLA1n/CIP10H; CaURA3 in pYGS964 was replaced with CaHIS1. The 
plasmid was linearized by BsaBI within SLA1 for integration to generate PMET3-GFP-
SLA1-HIS1. 
 

pYGS968 PAN1c-Myc-UTR/CIP10U; DNA fragment encoding Pan1 (800-1397 aa) was cloned in 
frame with a C-terminal 6xMyc epitope (followed by UTR) into CIP10U.  
 

pYGS970 PAN1c-Myc-UTR/CIP10H; CaURA3 in pYGS968 was replaced with CaHIS1. The 
plasmid was linearized by HindIII within PAN1 for integration to generate PAN1-Myc-
HIS1. 
 

pYGS971 Pro-SLA123E-HA-UTR/CIP10U; pYGS929 was used as the template for mutagenesis to 
introduce 10 mutations (T869E, T878E, T887E, T905E, T915E, T923E, T1002E, 
T1022E, T1226E, T1240E) on Sla1-13E. The plasmid was linearized by PmeI for 
integration to generate SLA123E-HA-URA3. 
 

pYGS972 ACT1c-mCherry-TADH1/CIP10U; DNA fragment encoding Act1 (4-376 aa, including 
367 bp intron region) was cloned in frame with a C-terminal mCherry epitope (followed 
by CaADH1 terminator) into CIP10U. The plasmid was linearized by ClaI within ACT1 
for integration to generate ACT1-mCherry-TADH1-URA3. 
 

pYGS974 TEF1ΔLifeAct-GFP-HIS1/pJET; DNA fragment amplified from pFA-GFP-CaHIS1 with 
the primer pairs Lifeact S1 (5’-atcttgatttttacttcttcttcttcttcttctttttcctttcttcacacattatagtcataa 
tcaatcatgggtg tcgcagatttgatcaagaaattcgaaagcatctcaaaggaagaaggtgctggcgcaggtgcttc-3’) 
and LifeAct S2 (5’-taagaaaataaactaaataaatgaatacaaaataaaaactctaacagatcttacataatatt 
caactagctctgatatcatcgatgaattcgag-3’) was cloned into pJET vector. The knock-in 
cassette was released by NotI and XbaI for transformation to generate PTEF1-LifeAct-
GFP-HIS1. 
 

pYGS983 PRK1ΔHIS1/pTEZ; PRK1 promoter region (-499 to -1 bp) and terminator region (2073 
to 2472 bp) were cloned to flank CaHIS1 in pTEZ vector. The knock-out cassette was 
released by NotI for transformation to generate prk1Δ::HIS1. 
 

pYGS985 PRK1ΔARG4/pTEZ; CaHIS1 in pYGS983 was replaced with CaARG4. The knock-out 
cassette was released by NotI for transformation to generate prk1Δ::ARG4. 
 

pYGS987 PMET3-ARN1-GFP-UTR/CIP10U; DNA fragment encoding Arn1 (1-604 aa) was placed 
under CaMET3 promoter control and cloned in frame with a C-terminal GFP epitope 
(followed by UTR) into CIP10U. The plasmid was linearized by NsiI within PMET3 for 
integration to generate PMET3-ARN1-GFP-URA3. 
 

pYGS994 PMET3-ARN1-GFP-UTR/CIP10H; CaURA3 in pYGS987 was replaced with CaHIS1.  The 
plasmid was linearized by NsiI within PMET3 for integration to generate PMET3-ARN1-
GFP-URA3. 
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Table S3. List of GST-Cln3 affinity purified proteins identified by MS 

Protein ID  Matched Peptides (Bold) 

 
URA2 

 

 
     1 MAQLSVPITP PMESTGDVLM TLETQDGIAL QGYSFGAAKP AAGEVVFQTG MVGYPESITD PSYEGQILVI TYPLVGNYGV PDRELLDEDY EPALPK ES  YF
   101 NKIHIAGLVV AHYTEEYSHW LAKSSLGKWL QEQGIPAIYG VDTRSLTKRL REKGSTLGRL AIQNSDYKSE EIISQSKSNP QNWKKFFNVP EFDDPNVKNL  
   201 VAKVSTDKPI LYTPKKTNEN IKLGKNGKPI RILAVDVGMK YNQIRCFVRR GVELLVVPWD YDFTTEEYDG LFISNGPGDP AVMDKTVERL QKILKEGKTP  
   301 VFGICLGHQL LARATGASTL KLKFGNRGHN IPCTSTISGR CYITSQNHGY AVDTATLSNG WKELFVNAND GSNEGIYHES KPFFSVQFHP ESTPGPRDTE  
   401 SV VDFNQSGGVY KQVEFPGGKL AENRAAHPKV DVKKVLVLGS GGLSIGQAGE FDYSGSQAIK ALKEEGIYTV LINPNI VY   FLFDVFIK ATIQ TSKGLADK
   501 FLPVTPEFVR KVIKHERPDG IYCTFGGQTA LSVGIALKDE FEGLGVKVLG TQIDTVITTE DRELFASAMA EINEKCARSE ACNTVKEAVD AANAIGYPLI  
   601 VRAAYALGGL GSGFADNEEE LVALCNKAFA TSPQVLVERS MKGWKEVEYE VVRDAFDNCI TVCNMENFDP LGIHTGDSIV VAPSQTLSDE DYNMLRTTAV  
   701 NVIRHLGVVG ECNIQYALNP FSKEYCIIEV NARLSRSSAL ASKATGYPLA YTAAKLGLNI PLNEIKNSVT KSTSACFEPS LDYCVVKIPR WDLKKFTRVS  
   801 ALLSSSMKSV GEVMAIGRTF EEAIQKAIRS TDYHNLGFNK TAALMSIDID QELQTPSDQR LFAIANALSD GYSVDKVWKL TNIDKWFLNK LDGLIKFGNK  
   901 IASYGAKEDV PMSILRQAKQ LGFEDRQIAK FLGSNEVAIR RLRKDAGIIP FVKQIDTVAA EFPAFTNYLY VTYNADSSDV KFDDNGVIVL GSGVYRIGSS  
  1001 VEFDWCAVRA IRTLRENNVK TVMINYNPET VSTDYDEADR LYFEPINLER VLDIYDLEQS SGVIISMGGQ TSNNIALPLY RQNVKILGTS PEMIDSAENR  
  1101 YKFSRMLDRI GVDQPAWKEL TSIDEAEDFA EKVGYPVLVR PSYVLSGAAM NTVYSKDDLA SYLGQAVDVS PDYPVVITKY IENAKEIEMD AVAKDGKMIM  
  1201 HVVSEHVENA GVHSGDATLI VPPQDLDPET VRRIVEATAK IGKALDITGP YNIQFIAKDN DIKVIECNVR ASRSFPFVSK VVGVDLIEMA TKAMLDLPIV  
  1301 PYPGERLPED YCAVKVPQFS FSRLAGADPV LGVEMASTGE VATFGKNKYE AYLKSLISTG FKLPKKNILF SIGSFKEKQE LLPSIAKLHE LGYKIFATAG  
  1401 TADFIKEHGI PVHYLEVLSK DEDQKSEYNL SQHLANNLID LYVNLPSANR FRRPASYMSK GYESRRMAVD YAVPLVTNVK NAKLLVEAIA RNISLEVSNR  
  1501 DAQTSHGTAI LPGLINITSF ATSFDDFEQT TKESLAAGFT FNAFLPHTQA GASVTDYRSL IDAIDAVGAS AYTDYSVSIA ASETNSQSVS DAADNAGSLF  
  1601 LPFNDFANSK VSALTAQFSS WPNNKPIITD AKTTDLASVL LLASLYNRSI HITGVSSKED LDLIKMAKEK TLQVTCDVAV HSLFLSKDEL DYPFLPNKQD  
  1701 QEYLWENLKD VDCFSIGVLP YLIAKASGTE IAPGMGIKEA VPLLLTAVKA GKLTIGDIVS KFHDNPAKIF NLPKQDAQVV LDLDRFATVE PVYPEFSKLR  
  1801 LRGAVERVSF HNETVVLDGS VLSQIALGKN EVVPRSRFGS TAGIPESPRL GNKRVSFSSD MRRPSLAPET PEPQPAIFEK LGSELVSQPI AGSLGEIAAL  
  1901 SDYIRHNNTF LRNNIISVKD ITRSDLHSLF TVAQEMRLAV ERQGVLDLLQ GRVLATMFYE PSTRTSTSFD AAMQRLGGRV VAVDHGSSSV KKGETLQDTI  
  2001 RTLSCYSDAI VLRHPSEESA DIAAKYSPVP IINAGNGTKE HPTQALLDLF TIREELGTVN GITVTFMGDL KYGRPVHSLC HLLRHYQVRV QLVAPKELQI  
  2101 PAEIRQQLID NNMLIAESEE LTKEILARSD VLYCTRVQEE RFADKEQYQR LKDTYIVDNK ILSNAKQHMC VMHPLPRTNE IREEVDFDQR AAYFRQMRHG  
  2201 LFIRMALLAM VIGVDF 
 

 
FAS1 

 

 
     1 MSTHRPFQLT HGSIEHTLLV PNDLFFNYSQ LKDEFIKTLP EPTEGFAGDD EPSSPAELYG KFIGFISNAQ FPQIVELSLK DFESRFLDNN NDNIHSFAVK  
   101 LLDDETYPTT IAKVKENIVK NYYKAVKSIN KVESNLLYHC KHDAKLVAIF GGQGNTDDYF EELRELYTLY QGLIEDLLVS IAEKLNQLHP SFDKIYTQGL  
   201 NILSWLKHPE TTPDQDYLLS VPVSCPVICV IQLCHYTITC KVLGLTPGEF RNSLKWSTGH SQGLVTAVTI AASDSWDSFL KNSLTAVSLL LFIGSRCLST  
   301 YPRTSLPPTM LQDSLDNGEG RPSPMLSVRD LSIKQVEKFI EQTNSHLPRE KHIAISLING ARNLVLSGPP ESLYGFNLNL RNQKAPMGLD QSRVPFSERK  
   401 LKCSNRFLPI FAPFHSHLLA DATELILDDV KEHGLSFEGL KIPVYDTFDG SDFQALKEPI IDRVVKLITE LPVHWEEATN HKATHILDFG PGGVSGLGVL  
   501 THRNKEGTGA RIILAGTLDS NPIDDEYGFK HEIFQTSADK AIKWAPDWLK ELRPTLVKNS EGKIYVKTKF SQLLGRAPLM VAGMTPTTVN TDIVSASLNA  
   601 GYHIELAGGG YFSPVMMTRA IDDIVSRIKP GYGLGINLIY VNPFMLQWGI PLIKDLREKG YPIQSLTIGA GVPSIEVATE YIEDLGLTHL GLKPGSVDAI  
   701 SQVIAIAKAH PTFPIVLQWT GGRGGGHHSF EDFHQPIIQM YSKIRRCSNI VLVAGSGFGS DEDTYPYLSG YWSEKFNYPP MPFDGVLFGS RVMTSKESHT  
   801 SLAAKKLIVE CKGVPDQQWE QTYKKPAGGI ITVRSEMGEP IHKIATRGVM FWKELDDTIF NLPKNKLLDA LNKKRDHIIK KLNNDFQKPW FGKNANGVCD  
   901 LQEMTYKEVA NRLVELMYVK KSHRWIDVSL RNMYGDFLRR VEERFTSSAG TVSLLQNFNQ LNEPEQFTAD FFVKFPQAGK QLISEEDCDY FLMLAARPGQ  
  1001 KPVPFVPVLD ERFEFFFKKD SLWQSEDLES VVDEDVQRTC ILHGPVASQY TSKVDEPIGD ILNSIHEGHI ARLIKEEYAG DESKIPVVEY FGGKKPASVS  
  1101 ATSVNVTDGN QVVYEIDSEL PNKQEWLDLL AGTELNWLQA FISTDRIVQG SKHVSNPLHD ILTPAKHSKV TIDKKTKKLT AFENIKGDLL PVVEIELVKP  
  1201 NTIQLSLIEH RTADANPVAL PFLYKYNPAD GFAPILEIME DRNERIKEFY WKLWFGSSVP YSNDINVEKA ILGDEITISS QTISEFTHAI GNKCDAFVDR  
  1301 PGKATLAPMD FAIVIGWKAI IKAIFPKSVD GDLLKLVHLS NGYKMITGAA PLKKGDVVST KAEIKAVLNQ PSGKLVEVVG TIYREGKPVM EVTSQFLYRG  
  1401 EYNDYCNTFQ KVTETPVQVA FKSAKDLAVL RSKEWFHLEK DVQFDVLTFR CESTYKFKSA NVYSSIKTTG QVLLELPTKE VIQVGSVDYE AGTSYGNPVT  
  1501 DYLSRNGKTI EESVIFENAI PLSSGEELTS KAPGTNEPYA IVSGDYNPIH VSRVFAAYAK LPGTITHGMY SSASIRALVE EWAANNVAAR VRAFKCDFVG  
  1601
  1701 PNELTIHFGG AKGRAIRDNY IGMMFETIGE DGALKSEKIF KDIDETTTSY TFVSPTGLLS ATQFTQPALT LMEKAAYEDI KSKGLIPSDI MFAGHSLGEY  

 MVLPNDTLQT TMEHVGMING RKIIKVETRN VETELPVLIG EAEIEQPTTT YVFTGQGSQE QGMGMELYNS SEVAREVWDK ADRHFVNNYG FSILDIVQNN  

  1801 ANVM PIESLVDVVF YRGMTMQVAV PRDELGRSNY GMVAVNPSRV SATFDDSALR FVVDEVANKT KWLLEIVNYN VENQQYVAAG DLRALDTLTN   SALSSL
  1901 VLNVLKINKI DIVKLQEQMS IEKVKEHLYE IVDEVAAKSL AKPQPIDLER GFAVIPLKGI SVPFHSSYLM SGVKPFQRFL CKKIPKSSVK PQDLIGKYIP  
  2001 NLTAKPFELT KEYFQSVYDL TKSEKIKSIL DNWEQYE 
 

 
KEM1 

 

 
     1 MNSILHTCTH SNDNTITRLS DDQMYAAIFN YIEHLFQIIK PQKTFYMAID GVAPRAKMNQ QRARRFRTAY EAEINLKKAI ENGEEIPKED PFDSNSITPG  
   101 TEFMANLTNN LKYFIHKKIT EDSSWANIEI ILSGHEVPGE GEHKIMEYIR SIRSQDDYNP NLRHCIYGLD ADLIMLGLVT HDPHFALLRE EVTFGPQRKV  
   201 GPKDLHDQKF YLLHLSLLRE YLSLEFQEIE NQLNFEYDFD RILDDFILIM YVIGNDFLPN LPDLFINKGA FPLLIAAFKQ TLLESDGYIN ENGKINLVRL  
   301 NIYIKILSKF EFENFEKHEV DVEWFNKKLD DISISGEKKR QRIGKLLILK EQKKLVGFIK PWLMEWASQP INEILNLDQQ GKLPTLHLNK DDVEKNLEFI  
   401 KEFAIEAGFL IIHSQSNDTY EAKLDIDGIS PTESEEEHEE RITELRKTIK QYQSANLIES EEVLNETKEV YSEKFQSWKN DYYQPKLHFS IDTEEGKGDL  
   501 IEMTKHYIEG LQWVLYYYYR GCPSWNWYYR YHYAPRISDI SLGLEELINE KTDLKFELSH PFKPFEQLMA VLPARSKKLM PVVYRPLMSD EKSPIINFYP  
   601 HEVDIDMNGK TASWEAVVLL DFVDEKKLIE ALKPIESKLT PEEKQRNSYG HAIKFIHNPQ IDHVFSSPLP GFFHDIEHDQ CYEEEFKLPK IENLKIGFIK  
   701 GAKTGKDLLA GFPTLSTIPF TSELALNEVK IFNFPSRSES MILNVEDVWS DLTVAQFAQS FVNKLVYSKW PFLRECRVVK VVSEENKFES IKTNTGLKKV  
   801 VTNELSVEDK KSFRSEVSNL KVTWDKFKGV KLGEINALVY VKPVNGLIRN HKGAYVKTYS KDVEVYPLQL IVKEVTNKDQ RYLTRPPLPI DQEFPIDSQV  
   901 VFLGDMAYGS PAKIVGYNED KTKLGVKIFK IQSTAEPNIG KKRLTIEKNE IKYYPSFEVA KTLRLNPLLL SKITSQFMVQ DSSKGKVNIG LELKFESKRQ  
  1001 KVLGYTRKSS NGKFWEFSPL AINLINTYKT KFPGLFKKLV NNVSGSNFPT VDEISSLEEL KEIRSWLKEV KSELIPVSLE SESFTKFSYQ AIEQYMDNYL  
  1101 SMNQIPTINK DIKGVPREAI LNANESYQLL SDQRFELGDR IIYVQDFGKV SILSKGTVAS ILTVGSKTSL GVIFDQPLLS GNNMNGKLNS NRGLIIDSSL  
  1201 VLNLTNKQFV YHSHASKNRK KLTDEEKIAK LKAIEAKKNQ KQQQQQKEQQ TKQKQVEQQK QKGANELLSL LKKKSDMNST TTTSTTDGDC KKTEEKDYDK  
  1301 NNGNEDERVD PNAIKQIYGH IYSNVMNQGN VRPPPPPPTG PGHPQQFPYG MPIPPPGAPM HPGYIPVVPG NPLPPSFYQQ YPPNGQQFVN SQPPPPPPPP  
  1401 PSQQQQPQVA ESTSDEKSKN DNKHNVNGRG RGGSRGRGGY RGRGGVRGGR GGNKSSHQNQ PKDKVKQES 
 

 
SLA1 

 

 
     1 MSSIYIGVYK ALYDYAAQAE EELNIKQNDL LYLLEKSDID DWWKVKKRVV ATGEEIVDEP SGLVPSTYIE EAPVIKTATA LYDYDKQTEE ELSFNENDKF  
   101 NVFDLNDPDW ILVGDLAKEK FGFVPSNYIQ LDSTAEPAQH QQQQPQQVFQ PPPQQQQAIP QQQTQIPINN FPPPPTHKDR TPDFPAPPAH RDRSPEHPPP  
   201 TPEKDYPRMF EQEPRSLGSR YDRQPEGREE EEDEAPPPMP SRPTGSNIVA PEPVVGRSNT YEQEENVEHS EHSYDGEFFT WYIDEVDGRK KRAIKLSIGQ  
   301 GLVIIKPNTT NPKKLRMRSS SSLDNQWRIK DLITFNNEKK HVFLEFKNPA ASLELHAGSK DVAEAIMAIL GDLKGAEAAH GLREVAKASK ASANERNRKI  
   401 GRLLYDFEVQ GDDELDCKEG DEVYIIDQKK SKDWWMVENI ATRRQGVVPS TYIEIISTSN LDKLTDGPLR RKSTKSKGRV VETKDKRSSH HRTREERDRI  
   501 REKDRAQRDK APTSQTEQDK SMPNFHRVRT WIDSSGTFKV EAEFLGCVEG KIHLHKTNGV KIAVAADKLS VEDLEYVERV TGTSLEQYKE QVMKQQAKRA  
   601 KSKSKSGATA TPSSTNETKY ASSATAAIND IAPPKPTRPQ TTTQVSNNGA PLYDWFDFFL ECGVDIGNCQ RYTLNFEREQ MDENILEDIS PSLLRTLGLR  
   701 EGDIIRVMKY LDAKFDRKKT PEAPQQNGGL FIDKNGNLKN NSSSTEISKV SADALPSPVK TQVTSFTPVN ESTQNNNKIE DDAWAMKPAA RSSEDLLKPS  
   801 PQPQTPQYTG ALSDLVNIKP VGTSNENKAK TEQIPVEPSA PALQPMKTSN TAATSSIPPQ GPGVTPQRTG TLVPVQKTGG LVPVQRTGAG LVPVQTGGYL  
   901 PAQPTGFVPI TAQPTGFIPI QATGILQPQL TFGIVPLQTG TSTFNANNKT APPRPDTAPP PITTFGQQPT FQPAFVPLQT GVITMPQTTF GGQSQQLPTQ  
  1001 ITGGAPPQTS FNQPALVPTQ RTGGQITGGF VPQSNFGKQI TGGFMDTNTL SFGQQITGNA QQQPPPSTSF GQQITGGLPA TSFGQQITGG FPQTSFGQQM  
  1101 TGGAPQTSFG QHITGGNMPN TSFGQPFSQQ ATSNPFPQMA NQFTQQQQYQ QQQPVMNQFQ QQPQQQQQPF YNQFQSQPNL NQMTNMFQNT SISSPATFNQ  
  1201 QIPTTTFGQQ PQFEGFGSQP LQSQPTGMGF GNAPLQSQPT GKRANLQAAT PDNPFGF 
 

 
TIF46 

 

   
     
   101 QYNKNYTGGN SGGSGGRQNN YNNNANQNNN QRYNNNKKQY NNQKMNHHHH NQQQPQQQYV NYPYNTAAAA ASQMYGYYMG GYQPVYGLPL QYGGIPATPG  

1 MSDNTTSNQS STGDSKSTPG AVPSSTDGSS SAPIGNSVNS VDQTSVSTDK QHGNQNVPQS SGAYSGQNYN ANYQGYGNNP NYNNNYNNNN NNNPNYYHKN  

   201 QQYPGQVASP VVPTVQPQQI STPPTPKIRL TTKDGKPVDL DEKKRKTASS TPVASPQPAR ATTVSSEKDK TPSSSATPAT ENKPAGISAA EEFKRKIRER  
   301 AAAAAAAASK GKETKEETKE ETTATETKKE TEETPIAKES SSTVDQPSVV PPQESHKDIV ETPKPEVTET SVEATKELPA SEETKEVLSS ETNDTTAVEK  
   401 PKVEEKPVEV NDKVESQIEL QSPSVEGDSE SIVENEDEEE STISEKGEPQ TETETETETQ TEPEPESEPT PTANAPEFTI SQFLERLKIA TPIDDILATK  
   501 YPETIQGVDG SKQISGKKYR YDPQFLIQFR DVISYTIDPT FKAHLESLDI HPNAMKRSGS TRDASSRGGL PNKFTGGLPA RFNGPGGKGG GQFDGGRQNS  
   601 GR GASSRDKSTR KGTPSKRGGR GGDRSEMRER GGAGAGAGAG AGGENDGNNQ GDGKPVEEVK PLEKSANRWV PKSRMQAKKE TKVAEDGTIL   RSGSKRGG
   701 LEPEDIEKKT KSLLNKLTLE MFTAISDEII ALTNQSKHEK DAATIKQIIS LTFAKACDEP HWSEMYAKLC AKMCTSVSND ITDESITLKD GTHASGGVLA  
   801 RRLLLATCQK EYEKGWTDKL PTNPDGSPLE PEMMSDEYYA MAAAKRRGLG LVKFIGHLYN LNMLNDHVIY VCLKDQTKNT VDPSDDSLEN LTQLIQTVGP  
   901 KLDSNERTRT MLKIVFDYIE KVLEGVKLTS RIKFMLMDLQ DLREAKWVSL KGDAGPKTIE EIHRDAEIKK MEEERAKNEK KRKQHQLGGG VGGGSDSRSN  
  1001 SSRGGSNWNN NNNNNNNNNN NQSSNGPFMK KSPSFMTQRV GSSRSPSTST FQNSDLQRDT SKRSEPSQSN IFAALEGGDD DEDE 
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PNG2 

 

 
     1 MSSTIPSEDK KPLLDSEMEP EVSVNNNKEL PPYSDNEKHS LLSDNEKCDL EEVPTSYRVT RHSNKFKRFC QILSLFGVLY LVNFLYINRD DFARGMSTHF  
   101 RFNCGSLVSQ QPLQETKLDH HPIFRNLIDV VDTTYSDQQE GNNTAKEIIS VTNPYTPNPR YGESLYTTTL IKNHKFGNSW NQPAVVNFTA PSNISFDAVV  
   201 LTLHTEVEGV QFDRLANLFV DGIQVWRTST IEPGGRKVFS DFKKDVSKYS KLFKKENVQI LFQLDNLVTS KLTGIFDVTL TADFYKFHRH PHYRDGKNEH  
   301 NEKRYGHEDK LNEFYEEQND QDYEKEFIDS FEHHRGDFQE DEKNHHDDHH KDKHHKGKHH KDDKHHKDKD GKPKKPEHPP HEPPHEPPHE PPHEPPHEPP  
   401 HEPPHEPPHE PPHEPPHHPP HEPPHEPPHK PPHEPPHEPP PEPPHKPPHE PPHHPPHEPP HHPPHHPPHD PHDPNHHHGK YHEERRIFTE AKPADEIYPL  
   501 TFNKNPNQAP VVYLASNKLS VNSPKVSKNT TRLTLSIFTS GNAADEFWYT NVVDKYKDIF ADRGNPFIGK GPVRVVNVYF NGEKIAAQTP EPVIFTGGIS  
   601
   701 PYTRSLQQII DASFSAQLIS QFSLTLKNNR TLNTTISSYS KAEVSNVQSY SRSGDIQSIV HAGRSSRSVL IQDNDSPESK DVTEHKSKHH KSEIPENTIS  

 PALWSPVVSF NAFDVPSIDV DVSGLLPYLW EHQAIEDKIL EIEVSNGLGE IDKDTTTSVN ENWVTSANLL IYQNEQVIDA TGEVINIDNE SSGVVLTVAP  

   801 IVNITLNYPL VLHLQQISKD IGSGDDFFVD YDVRLAHSKS TDIIFGAIHG GIHTTTSQNG TSRFFLSSKG NHGFGSTFSK YKSKIKFGPH QRKYKRVVNA  
   901 VNGTIVLDKS KSGKDDEHGK THLSSMMKAM EKTSVYKSAS EMLQSIVNAS KASFKEFFGA KPGCHGMKHH ENEDGHKKMK HKMRKHLSDA H 
 

 
PYC2 

 

 
     1 MRVVREGDDI EDAFKRATSE AKTAFGNGTC FIERFLDKPK HIEVQLLADN YGNVIHLFER DCSVQRRHQK VVEIAPAKNL PKSVRDAILT DAVKLAKSAN  
   101 YRNAGTAEFL VDEQNRHYFI EINPRIQVEH TITEEITGVD IVAAQIQIAA GASLQQLGLL QDKITTRGFA IQCRITTEDP TKNFQPDTGK IEVYRSAGGN  
   201 GVRLDGGNGF VGSIISPHYD SMLVKCSCSG STYEIARRKM LRALIEFRIR GVKTNIPFLL ALLTNEVFIT GDCWTTFIDD TPSLFQMISS QNRATKMLSY  
   301 LADLVVNGSS IKGQVGYPKL DTDAIIPEIH EPKTGITIDV DHTPPPRGWR QVLLEEGPEV FAKKVRQFNG TLITDTTWRD AHQSLLATRV RTIDLLNIAP  
   401 TTAHALKGAF SLECWGGATF DVCMRFLYED PWARLRKLRS LVPNIPFQML LRGANGVAYS SLPDNAIDQF VKEAKENGVD IFRVFDALND LEQLKVGIDA  
   501 VKKAGGVVEA TVCYSGDMMK PGKKYNLQYY LKVVDEIVKM GTHFLGIKDM AGTLKPAAAR LLVGEIRSRY PDLPIHVHTH DSAGTGVASM TACAIAGADV  
   601 VDAASNSMSG LTSQPSISAI LASLEGSIET GLSESMVREL DNYWAQMRLL YSCFDADLKG PDPEVYQHEI PGGQLTNLLF QAQQLGLGTK WVQTKETYKV  
   701 ANQILGDLVK VTPTSKVVGD LAQFMVSNTL TEEDVNRLAS ELDFPDSVLD FFQGLMGTPY GGFPEPLRTN ILGNKRQKLN QRPGLTLPPI DFIAIKEELT  
   801 SRYGTQITET DIASYVMYPK VFEQFRKIVD KYGDLSVLPT RYFLKPCNIG EELTVDIEQG KTLIIKLMAV GDVSEKTGTR EVFFELNGEM RSVSVEDKTV  
   901 SVESKTRPKA SASNEVGAPM AGVVIEIRAH KHQQIAKGDP IAVLSAMKME MVISAPCSGE IGDILIHEGD SVDANDLITS IH 
 

 
GCR3 

 

      
     1 MEFSNKRSRD DFEQDEGQFH DGPSHDSFDH KRHHIDPAQE LINNICKDIR RLGEAGDIEN LIADTNYISN PIVAEFEKID NLRNSILSTI YALITEQPHK  
   101 ISAIANLILI CNAKNFVIAK YVIEYLHSKM QTMLDSQEGS VFNDIKNILK FLSTLTPIIE DNGIIQIFKQ FLNFAIELQE QTEVRNGLAQ EIYYNVLIAI  
   201 PYVLSNDNSD DLKKSINELI ELARNFKIVA ESATVLLPFD TRMGNFELPY IPKQMVDLIL PALIKLQNND WNFRLFLDFK THLDPVIQSA LENNSISSEL  
   301 LPQLSF PSVENASFK IDKLWNDN PRYLFQVYNN TTEYETVPPI ETYLGLF S FNKNETAIEL SILDMFFDNK LFAPPGTSID   VKHK S TS FKD IAFDILTNL
   401 QLNAIYEDNK SGTNDPSLST WKIEDVAVES ILTMIFQLPN PLEVEIYYYT VLISCCRESP ESIAPVFGRA IRYFYNHLET LDYELKIRFL DWMSIQLSNF  
   501 EFSWKWEEWV SDSKKLKDLK YHPKKNFIKN LIAKEIRLSN KKRIKDSFID IVDGEVVNLD EFYQYLDISM VPDVKSYIIS YDTELYGESS RDTLIQLYEQ  
   601 KQEQLNSKSN IGAQNEIFFN FTNSELPFHE TASKVYDFIL THWKSNTDFN ELYKSVLESI TAPNNERFAI NLIIQTYAYI GSRSIYSVVS ILSRDINKLK  
   701 FLSGAPIDYV GDEARFEDLH FTEEEKQNRQ NWIIEAVFRI WIHQPQVVFL ILEYLIEFGI IDPKYILVKA LESNLIIDNV SCMESINRIL SKAESKELII  
   801 QLFTAIIDNL NKLELDKEKR VEIEEVTESN ATEVDKQWLF YEYLGLLKSY YRKYIIGDVE CHDKVKEIVG QLENASAKDE ILKWFG 
 

 
NAB3 

 

   
     
   101 KEPVESKEPE QVAATDEPDV KKSTNEIVQE LFADATPTAD NKSSSPGNLE SEDYDPESAF TDNNIEKDSK FNDNSEIQEN KDNSDYEPEL KEDAERKSPA  

1 MEVSPVNLHK EETEENKAIV QQDSETAAET VTTASDEKHA VEAGDEVNQE PAVDNDGNDK DNQSDDEQNQ DEAAIDPAPQ ADTTDDTEKD SETKTEPEEV  

   201 TANISLTKPH GPAGLPPKPP VNATVKPSTA AITEESSSQQ RLKDAYDAII NSPIGRDPEF LKLPAEEQVD AIKDQLQKLG IDLSSGSHPI NFDQVYSYNK  
   301 PFKNLKDPIP LVPIGQFCRR PNITAPTTPE EEQEYADFIE RENYYLNLQN WDEFPDKSRL FIGNLPANTI SKQDLFRIFS KYGEVIQIAI KAGYGFAQFR  
   401 TGEACLECIK GETNIPLHNK ILRLDASRPQ KSRRPGHPEI NNPNMSGRGR ERVRDESQDQ DEQPSHKKRK GNIDCQVYVT GKSSVFFIRK VKKAFAMSQV  
   501 TIDVEDVTQR NINEVLSEAA YSGVLAACVI KEQKVDIQTF ESTPDGGIKF DEYADVEPEE GAEIVLKAKV KKYGDRLPAY VPQDTSYHDN SRSHPAGPAY  
   601 NSGPRRGGER NRGSRRGDRH GGRRGGYGAP NNDYGHGRGR GSNHNSWNQQ PYGSVPPPPQ QQPYGSVPPP PPQSSSSRPP QSYGQPYYGN QQPTYGSPVQ  
   701 QPAMNQWNSP PQPPQNPAAN LLQGLNPAQI QSMIQLLQSQ QQGGQPPQGN YGQPQRPAPN SYGGMGYNNN NNYGSNAPSM APQPQGTNDN SANQVQALLA  
   801 QLQSNQQGNS YGQPSSQNQQ GQGSSFYDTL SRLAKQ 
 

BDF1 

 
     1 MSETFPETNT PVQTPSTESF VNKMNAGDKT IGNNIFSQDS DSNQQSSHQE PLSPPNPSPT PEKRQLDDEV DNSIEPESKK QKVEEETEAS QTGVIQTEVS  
   101 ETVPEIESSV NKDSEPVNGV SEESENTNNE QEKPQEEAPE ENPQEEVPEA KPQEEASGEN PQEIPNDKPQ DDEPDIQEVD PPKPVVPVFT EPAPKPPQEP  
   201 E AVPFLHPVDT VKLNVPFYYN YIPRPMDLST IERKINLKAY EDVSQVVDDF NLMVKNCKKF NGEAAGISKM   DMNNLPENPI PQHQAKFVLN TIKAVKRNR
   301 ATNIQAQFEK LMVKVPPKEL PAGTNVAEAT SVATSPTTNK R SVAAA RP ELPYETKP KNKKVAAELR FCNQTIKELM  KSVAESSSS HQHRD KRTIHPPK SK
   401 SKKHYNYNFP FLAPVDTVAL NIPNYNEIVK QPMDLGTIQS KLANNEYENA DDFEKDVRLV FKNCYLFNPE GTDVNMMGHR LEAVFDKKWA NKPVPEPTPQ  
   501 NSDVSDREYS SEEEDNVEIS EAMLSEIPAI QVMENQIIRM RKELDELKKE HLKKLREQQA ARKKKKQQKG KRRAPKAKHT KDTQHQVQAP PEPPKLTPPQ  
   601 Q VSEMVPNLSD KKLNALIKII QDDVQISNDD EVELDMDQLE DRTVLKLYDF LFGDKALKNS AGKKKKPVAN NNLDELAHLR SQLALFDEGV   PVVTYEMKK
   701 NGQQGSDNGF MKVVNQEESS EDEASSESSE EE 

     PSP2 

      
     1 MASISVPIEK GSFHDGDGFN QHHLGDPVIS GPP LLN LPVTANDSFV QDLFQSRFTP YVKFKIVTDP ASNILETHVI RQVAFVELES ASDMSKALKW  YIIK
   101 HDLYYKANRR VTVEVADFND FQNCIKFNQE HEREIMQIQQ EFIAQKQQQR QPRHMALLDE FERNQRGPGS PLHQNHDHHN PHPQQQQQHH HFNPNLNRPS  
   201 GRSSLPIDET SHSRRLSFEA QLHPHQQTHG QRIRQPSFDN AFPDTPHPPF GGGGGMRQQI HPTNQPAVPS SAPASKPFVT PISSASTSSR PKSNPFGAAK  
   301 PVDTLSKQQE IEKKLINLNK TTVQTLGDVE TPEEVQATIK KFHENGSPKL RRASVGTPRR LSSEKRPSVS ILRRDLPERQ QPPPPPQQQQ QQQPPQQQDQ  
   401 NTKQTALHQP DQLQNHSSNV SSTQPSGESP LAETQSLSTN PYTSNGTGKS LAQLLSEQSD IMSAPPITGK KTPRSNSNTK KPVVAAKPVI LKKKTPTSPP  
   501 VQRIDLTIKE SEYLKKQDET DDLIDANVET KLEKLDLNSE TLSENGTK NPKR ENDQHDDRPN FKNLDQLVQK RNDSRASSSS SNSRRFEFIR  ES TKTRID
   601 GLKEENERVP SPSSSSSSSS ATKTSQNNFE KSSESAISRT DDQQDLSSTN TGSEGRMWER GRGRGRGGFS FRSRGGFRGR GAGFRGSGRG GPRRRGGNGA  
   701 SGAGGTASGS TGSANYNLHY VRSKPTPVET NE 
 

ESF1 

 
     1 MAKNNNNNKD SSNPRKPITQ DERFKSVHND PRFKMPKLKN LRVKVDDRFS KDELKKLNAG ALGKKVKIDR YGRKIKKESD DLSKFYEHEE DSKEEQSSDD  
   101 SSEGEESDND LQALTEKLQQ EEQFLDRARG EGLVSSSEDE ESSLSSSDSD SDEENEGVVE DEEESDIEIE ETKPEDTEPT CAFAVVNMDW DNIRAVDLMA  
   201 TFVSFVPKGG AIKSVTIYPS EFGKERMQKE EIEGPPRELF KSKKKKEEDS DSEDIESDVD VNDADNLAKI TRKLYEEDDG KEDYDSKALR RYQLQRLRYY  
   301 YAVVKCDSVE TARSIYQNCD GTEYESTANI FDLRYVPDDM EFDDDEAKDT CSKIPSSYRP DSTFVTDALQ HSKVKLTWDE TPKERLTLSS RPLSQKEIEE  
   401 NDFKAYLASD SDESEVEKDS SIKDKYQSLL GNTLTKFGKE ENDDDVDMEI TFDPGLNDKS GNNAEEEDKE ETTIEAYRRK EKERRQKRLA KFKESKQTEE  
   501 VANSQEGSAD KSSKNRKNSK KGKSMPDMDE KSKAELELIL MDNQEGNNNE HFSMKEVIKS EKDKKNKKNK KGKKIDQEMV QDGFVANLDD PRFKEVFESH  
   601 DYAIDPTNSE FKKTETMKKI LKERSARNKD KKNKKNSSKN ATKNSKRSRS ELESNDNVHS LAEKIKKRNK SK 
 

KAR2 

 
     1 MRSSQSSWLP RIGLLYVALV ILIPFLVSPK HAFAVAAVSD DESSTDNYGT VIGIDLGTTY SCVGVMKNGK VEILANDQGN RITPSYVSFN GDERLVGDAA  
   101 KNQA KHLPYKIE NKGNKPVVKV EYQGEEKTFS PEEISSMVLG KMKSIAEDYL GKKVTHAVVT VPAYFNDAQR   SSNVNN TVFDIKRLIG LKYNDDTVQK EL
   201 QATKDAGTIA GLNVLRIVNE PTAAAIAYGL DK LG I AGDT HL KQF  GDQEKQII VYD GGTFD VSLLS EGGV FEVLAT GGEDFDFK IVRYLA K KKHNIDITAN 
   301 AKAISKLKRE AEKAKRTLSS QMSTRVEIDS FVDGIDFSET LSRAKFEELN IAAFRKTLKP VEQVLKDGGV KKSDIDDIVL VGGSTRIPKV QELLEGFFDG  
   401 KKASKGINPD EAVAYGAAVQ AGVLSGEEGV DDIVLLDVNP LTLGIETSGG VMTTLIKRNT AIPTKKSQIF STAADNQPTV LIQVYEGERT MAKDNNRLGK  
   501 FELTGIPPAP RGVPQIEVTF SLDANGILKV EAADKGTGKS ESITITNEKG RLSKDEIDRM VEEAEKYAQQ DQELKEKIEA RNSLENYAHV LRGQLSDTSE  
   601 TGLGSKLDDD DKETLDDAIK ETLEFIEDNF DTATAEEFEE QKQKLIDVAN PITAKLYGGA AGEGAGGAGD AKFGDDDSDD EFDHDEL 
 

DED1 

 
     1 MSDISKQMNN LSVNDGANTV NNNNSFRGGR SQYVPPHLRN RQGGGNQSGS SSESSDVPFG GSQRGGFNSN GFNNNRGGFN NGGYNNNRGG FNNGGFNNRG  
   101 VPEPITSFTA PPLDELLVEN   NYNQSFGGRG GRGGFNNGGG RYQRPTPGVG KWQDGKHEPA PRNEKLEVEL FGTADDSHFQ SSGINFDNYD DIPVEASGDK 
   201 IQLSRFTKPT PVQKYSVPIV AAGRDLMACA QTGSGKTGGF LFPVLSESYM KGPAPVPESN GAFSSHKVYP TILVMAPTRE LVSQIYEESK KFSYRSWVRA  
   301 CVVYGGADIG QQMRNMDRGC DLLVATPGRL KDLLDRGKVS LANIRYLVLD EADRMLDMGF EPQIRYIVEE CDMPAVKDRQ TLMFSATFPR DIQMLARDFL  
   401 KDYVFLSVGR VGSTSENITQ KILYVEDDEK 
   501 AVAARGLDIP NVSHVINYDL PSDIDDYVHR IGRTGRAGNV GIATAFFNRN NKNVVKGLIE LLSEANQEVP DFLTKIAREG AFGKMTRGGG RGGSSRGPSR  

KSVILDLLSA NENGLTIVFT ETKRMADNLA DYLYDQGFPA TAIHGDRSQY EREKALAAFK NGAAPILVAT  

   601 DFRRSGNSGW GNSGNSGWGN SGNASSSGWG GNSSSSYSNT NSNYGGGYNN NQRSNFSSGG SYGNQTGSNS WW 
 

HSP70 

  
      MSKAVGIDLG TTYSCVAHFA NDR LIG DAA R LIGR
   101 IQVEYKGETK TFSPEEISSM VLTKMKEIAE GYLGSTVKDA VVTVPAYFND SQRQATKDAG TIAGLNVLRI INEPTAAAIA YGLDKKGSRG EHNVLIFDLG  

1 VEIIAND QGNRTTPSFV AFTDTER KNQAAMN PANTVFDAK KFDDPE VINDAKHFPF KVIDKAGKPV  

   201 GGTFDVSLLA IDEGIFEVKA TAGDTHLGGE DFDNRLVNFF IQEFKRKNKK DISTNQRALR RLRTACERAK RTLSSSAQTS IEIDSLYEGI DFYTSITRAR  
   301 FEELCADLFR SQV EEIVLVGGST R KLVS DFFNGKE SINPDEAVAY GAAVQAAILT GDTSSKTQDI LLLDVAPLSL   STLDPVGKVL ADAKIDK IPKIQ LNK 
   401 GIETAGGIMT KLIPRNSTIP TKKSETFSTY ADNQPGVLIQ VFEGER K DNNLLGKFEL SGIPPAPRGV PQIEVTFDID ANGILNVSAL EKGTGKTQKI  AKT
   501 TITNDKGRLS KEEIDKMVSE AEKFKEEDEK EAARVQAKNQ LESYAYSLKN TINDGEMKDK IGADDKEKLT KAIDETISWL DASQAASTEE YEDKRKELES  
   601 VANPIISGAY GAAGGAPGGA GGFPGAGGFP GGAPGAGGPG GATGGESSGP TVEEVD 
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SSA1 

 
     1 MSKAVGIDLG TTYSCVAHFA NDRVEIIAND QGNRTTPSFV AFTDTERLIG DAAKNQAAMN PANTVFDAKR LIGRKFDDHE VQGDIKHFPF KVVDKASKPM  
   101 IQVEYKGETK TFSPEEISSM ILGKMKETAE GFLGTTVKDA VVTVPAYFND SQRQATKDAG TIAGLNVMRI INEPTAAAIA YGLDKKSEAE KNVLIFDLGG  
   201 I EDGIFEVKAT AGDTHLGGED FDNRLVNFFI QEFKRKNKKD ISTNQRALR F   GTFDVSLLS R LRTACERAKR TLSSSAQTSI EIDSLYEGID FYTSITRAR
   301 EELCADLFR S INPDEAVAYG AAVQAAILSG DTSSKTQDLL LLDVAPLSLG  S TLEPVDKVLS DAKIDKSKVD EIVLVGGSTR IPKVQKLVSD YFNGKEPNR
   401 IETAGGIMTK LIPRNSTIPT KKSETFSTYA DNQPGVLIQV FEGERAQTKD NNLLGKFELS GIPPAPRGVP QIEVTFDIDA NGILNVSALE KGTGKTQKIT  
   501 ITNDKGRLSK EEIEKMVSEA EKFKEEDEKE ASRVQAKNQL ESYAYSLKNT LGEEQFKSKL DASEIEEVTK AADETIAWLD SNQTATQEEF ADQQKELESK  
   601 ANPIMTKAYQ AGATPSGAAG AAPGGFPGGA APEPSNDGPT VEEVD 
 

SSB1 

 
     1 MADGVFQGAI GIDLGTTYSC VATYDSAV VAFTSEE RLIGDAA ALNPKNTVF DAKRLIGRAF DDESVQKDIK S
   101 GQPLIEVEYL DETKTFSPQE ISSMVLTK AVVTVPA YFNDAQRQAT KDAGAIAGLN VLRIINEPTA AAIAYGLGAG K  

EI IANEQGNRVT PSF KNQ A WPFKVVESN  
MK EIAEAKIGKK VEK SEKERHVLI 

   201 ATAGDTH LGGQDFDTNL LEHFKKEFQK K RALR SLSSG TQTTVEIDSL FDGEDFSANI   FDLGGGTFDV SLLNITGGVF TVK TGNDISGDA RLRTAC ERAKR
   301 TRARFEDINS ALFKSTLEPV EQVLKDAKIS KSQVDEVVLV GGSTRIPKVQ KLLSDFFDGK QLEKSINPDE AVAYGAAVQG AILTGQSTND DTKDLLLLDV  
   401 IPLSLGVAMQ GNVFAPVVPR NTTVPTIKRR TFTTVADHQT TVQFPVYQGE RVNCTENTLL GEFDLKNIPP MQAGEPVLEA IFEVDANGIL KVTAVEKSTG  
   501 RSANITISNS IGRLSTEEIE KMISDAEKFK SSDDAFAKRH EQKQKLEAYV ASVESTVTDP VLSAKLKKSA KDKIEAALSD ALQTLEIEES SADDYRKAEL  
   601 ALKRAVTKGM ATR 
  

TEF1 

 
     1 STTTGHLIYK CGGIDKRTIE KFEKEAAELG KGSFKYAWVL DK ITIDIALWKF ETPKYHVTVI DAPGHR  MGKEKTHVNV VVIGHVDSGK LKAERERG DFIK 
   101 NMITGTSQAD CAILIIAGGT GEFEAGISK EHALLA YTLGVK NRFEEIIK E TVPFVP ISGWNGDNMI   D GQTR QLIV AVNKMDSVKW DK TSNFVKKVG YNPK
   201 EPSTNCPWYK GWEKETKSGK VTGKTLLEAI DAIEPPTRPT DKPLRLPLQD VYKIGGIGTV PVGRVETGII KAGMVVTFAP AGVTTEVKSV EMHHEQLAEG  
   301 VPGDNVGFNV KNVSVKEIRR GNVCGDSKND PPKGCDSFNA QVIVLNHPGQ ISAGYSPVLD CHTAHIACKF DTLVEKIDRR TGKKLEENPK FVKSGDAAIV  
   401 KMVPTKPMCV EAFTDYPPLG RFAVRDMRQT VAVGVIKSVE KSDKAGKVTK AAQKAAKK 
 

TEF2 

      
     1 STTTGHLIYK CGGIDKRTIE KFEKEAAELG KGSFKYAWVL DK ITIDIALWKF ETPKYHVTVI DAPGHR  MGKEKTHVNV VVIGHVDSGK LKAERERG DFIK 
   101 NMITGTSQAD CAILIIAGGT GEFEAGISK EHALLA YTLGVK NRFEEIIK E TVPFVP ISGWNGDNMI   D GQTR QLIV AVNKMDSVKW DK TSNFVKKVG YNPK
   201 EASTNCPWYK WEKETKSGK VTGKTLLEAI DAIEPPTRPT DKPLRLPLQD VYKIGGIGTV PVGRVETGI AGMVVTFAP AGVTTEVKSV EMHHEQLAEG  G I K
   301 VPGDNVGFNV KNVSVKEIRR GNVCGDSKND PPKGCDSFNA QVIVLNHPGQ ISAGYSPVLD CHTAHIACKF DTLVEKIDRR TGKKLEENPK FVKSGDAAIV  
   401 KMVPTKPMCV EAFTDYPPLG RFAVRDMRQT VAVGVIKSVE KSDKAGKVTK AAQKAAKK 
 

ORF 
19.7085 

 
     1 MFSPFYNGDY SYDQPIDFES LFDLLHQHQF YYKENTRPRV IKKLETEDEF QIQIYKPYGN YNNYEVNVVK SNPPIVNVVI SSVQDNFKTV LPFNVNYIDI  
   101 DNINWQWYKQ QNVLVLNIPK RIHYVHSNVQ DILNCLLGCN DADASSALKA PNQQPYAKPQ TKKDVQAKTS PKKKEEFAKV KKEIANNNNN NLASRDANLK  
   201 DSIEEHENLI EQAANALKQA TENSSKQVKQ DLNGKANALS AGAQAAAEAK HKEALEKTKQ ELEAQRKAAH DKIVKAQQEL EEIARKEAEA VKLHEAAKQK  
   301 ELEEEKRKVE AEQQKAKEKE DLEQKEYDQF VKQQQEFLKQ FFGFNLGPAI PTKDGANAFY TAAKQAKKQK PKVAPKPKQL QTQPVKQAKD EEESIPSEPE  
   401 TEEPESSKSH NSNENLHKHP SLEEVEDEES VMFRKRFGH 
 

ENO1 

      
     1 MSYATKIHAR YVYDSRGNPT VEVDFTTDKG LFRSIVPSGA STGVHEALEL RDGDKSKWLG KGVLKAVANV NDIIAPALIK AKIDVVDQAK IDEFLLSLDG  
   101 AAQGIP LYKHIA KGKFVLPV PFQNVL
   201 KKYGQSAGNV GDEGGVAP EALDLI MDAIDKAGYK GKVGIAMDVA SSEFYKDGKY DLDFKNPESD PSKWLSGPQL ADLYEQLISE YPIVSIEDPF  

 TPNKSKLGAN AILGVSLAAA NAAA NISN AK NGGS HAGGALAFQE FMIAPTGVST FSEALRIGSE VYHNLKSLTK  
DI KTPK

   301 AEDDWDAWVH FFERVGDKIQ IVGDDLTVTN PTRIKTAIEK KAANALLLKV NQIGTLTESI QAANDSYAAG WGVMVSHRSG ETEDTFIADL SVGLRSGQIK  
   401 TGAPARSERL AKLNQILRIE EELGSEAIYA GKDFQKASQL  
 

LYS12 

      
     1 MLAARSSIRR CFSTSSTTLK SLKIGLIPGD GIGREVIPAG KAVLENLPAK HDLQFEFVNL DAGFELFKKT GTALPDETVD VLKKECDGAL FGAVSSPTTK  
   101 VAGYSSPIVA LRKKLGLYAN VRPVKSVEGI GRPVDMVIVR ENTEDLYIKE ERVYKKEDGT KVAEAIKRIT ETASTRIAKM AYEIALQREA VRKGTSGKQL  
   201 HEKPSVTVTH KSNVLSQSDG LFRETCRAVY DANANEYGGI EYKEQIVDSM VYRMFREPEI FDVVVAPNLY GDILSDGAAA LVGSLGVVPS ANVGDNFAIG  
   301 EPCHGSAPDI EGKGISNPVA TIRSTALMLE FMGYPEAAAT IYQAVDANLA EDKIKTPDLG GNSTTQEVID DIIRRF 
 

RPL4B 

 
     1 MSSRPQVSVI SVKGEQGSSQ LPLPAVFAAP VRPDLVHSVF VRVNKNKRQA YAVAENAGHQ TSAESWGTGR AVARIPRVGG GGTHRSGQAA FGNMCRGGRM  
   101 FAPTKTWRRW NVKVNHNEKR YATASAIAAS AVTSLVLAR ELP LVVSNEFESV TKTKDAVAVL KAVGAHKDVV KVIKSKKLRA GKGKLRGRRF  G HRVEQVK
   201 TQRRGPLVVY AQDNGIVKAL RNVPGVETAS VKHLGLLQLA PGAHLGRFII WTQGAFESLD SVYGSDSTKS IKSGYTLPSN IISNTDVTRL INSAEVQAVV  
   301 RPAGEKTQKK SHVLKKNPLK NKQVLLRLNP YAKAYAAEKV GSAKVEQAKV KPSKGQFAEV LKN 
 

TDH3 

 
     1 MAIKIGINGF GRIGRLVLRV ALGRKDIEVV AVNDPFIAPD YAAYMFKYDS THGRYKGEVT ASGDDLVIDG HKIKVFQERD PANIPWGKSG VDYVIESTGV  
   101 FTKLEGAQKH IDAGAKKVII TAPSADAPMF VVGVNEDKYT PDLKIISNAS CTTNCLAPLA KVVNDTFGIE EGLMTTVHSI TATQKTVDGP SHKDWRGGRT  
   201 ST GAAKAVGKVI PELNGKLTGM SLRVPTTDVS VVDLTVRLKK AASYEEIAQA IKKASEGPLK GVLGYTEDAV VSTDFLGSSY SSIFDEKAGI   ASGNIIPS
   301 LLSPTFVKLI SWYDNEYGYS TRVVDLLEHV AKASA 
 

    NOP1 

 
     1 MAFGAPRGRG GPARGGRGGF GGGRGGRGGA RGGGRGGARG GSRGGARGGA RGGARGGARG GRGGARGGAR GGAKVVIEPH RHAGVFIARG KEDLLVTRNI  
   101 APGESVYGEK RISVEEPAKE EGAAPTKIEY RVWNPFRSKL AAGIMGGIDE LGIAPGKKVL YLGAASGTSV SHVADVVGPE GLVYAVEFSH RPGRELIGMA  
   201 KKRPNVIPII DDARHPQKYR MLIGMVDCVF ADVAQPDQAR IIALNSHLFL KDGGLVVISI KANCIDSTVD AETVFAREVQ KLREERIKPL EQLTLEPYER  
   301 DHCIVVGRYM RSGIKK 
 

NPL3 

      
     1 EEVQDHFS RAAPVVEVRL MEGYAFVTFE NEDDAKQALE LLNDAEFNGE KLQIEFAKER REDTRGKYRL LITNLAEGTA   MDGPVEVTKQ LFVRPLRNDV TR
   101 WQDIKDFVRE KTDSQPSYVK VFTNFDNGET TCSMQFQSRE DLDRAIPLLD KAVFRDITIG AEEDTSPYIP PPPRGRGGFR GRGRGGFDRG FRGGRGGYDR  
   201 YDRGGFRGGR GGFDRGFDRG GFRGGRGGYD RGGFRGGRGG FDRGGFRGGR GGFRGGRGGY DRGGYDRDNF NDRGGSYDRE RSPTRF 
 

RPL8B 

    
     1 MAPKGKKVAP APLATKSAKS SESKNPLFES TPKNFGIGQS IQPKRNLSRF VKWPEYVRLQ RQKKILSLRL KVPPSIAQFS QTLDKNTAAQ AFKLLNKYRP  
   101 ETSAEKKERL TKEAAAIAEG KTAKDVSPKP VVVKYGLNHV VSLIENKKAK LVLIANDVDP IELVVFLPAL CKKMGVPYAI VKGKARLGTL VHKKTSAVAA  
   201 LTEVNSADEA ELSKLISTIN ANYIEKYEEN RKHWGGGIMG SKANDKIAKK AKAAAAAVST SN 
 

RPS7 
 
     1 SLQAYRKVQ TRLTRELEKK FPDRHV
   101 KARKQQKRPR SRTLTAVHDK ILEDLVFPTE IIGKRVRYLV GGNKIQKVLL DSKDSTAVDY KLDSFQQLYS KLTGKQVVFE IPGESH 

 MSSKILSENP TELELKVAQA FVDLESQADL KAELRPLQFK SIKEIDVNGG KKALAVFVPP P VFLA ERRILPKPAR  

 

ORF 
19.8442 

 
     1 K YATEVPPNFN PRKIAQGDNG KGQQ RDDFFDDFW KNFSSG YFV GFDDNVKTTE ESDKYVVSYD   MSWFGFFDPD FDDFFGRPR VSRYGA GAGHPHRALA R K
   101 QENLSPDEVN VDFDKQENEL IITVTQETEK DGTKKSSTFH SNLKFEKPVN FDDISAEIGE QGVQVTLPKV HADHEKIVNI PISKAAAKK 
 

RPL16A 
    
     1 MSQVAPKWYQ SEDVPAPKQT RKTARPQKLR ASLVPGTVLI LLAGRFRGKR VVYLKNLEDN TLLVSGPFKV NGVPLRRVNA RYVIATSTKV NVSGVDVSKF  
   101 NVEYFAREKS SKSKKSEAEF FNESQPKKEI KAERVADQKS VDAALLSEIK KTPLLKQYLA ASFSLKNGDR PHLLKF 
 

RPL11 
    
     1 MSQVAPKWYQ SEDVPAPKQT RKTARPQKLR ASLVPGTVLI LLAGRFRGKR VVYLKNLEDN TLLVSGPFKV NGVPLRRVNA RYVIATSTKV NVSGVDVSKF  
   101 NVEYFAREKS SKSKKSEAEF FNESQPKKEI KAERVADQKS VDAALLSEIK KTPLLKQYLA ASFSLKNGDR PHLLKF 
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