
The structure levels in proteins

The primary structure is the 
"one-dimensional" sequence 
of amino acids in the protein 
or peptide.

>NP_000508.1

MVLSPADKTNVKAAWGKVGAHAGEYGAEALERM

FLSFPTTKTYFPHFDLSHGSAQVKGHGKKVADA

LTNAVAHVDDMPNALSALSDLHAHKLRVDPVNF

KLLSHCLLVTLAAHLPAEFTPAVHASLDKFLAS

VSTVLTSKYR

Secundary structure: Regular 
structural unit formed by 
sequence regions in a protein 
(from a sequence perspective: 
two-dimensional). Basically, 
these are of two types: α-helices 
and β-sheets.

Tertiary structure is the three-dimensional fold of 
the protein, or how the secondary structure 
elements are packed against each other.
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Query=4cpaA Sbjct=7eqzA
Chain   Z   rmsd lali  nres  %id  Description
7eqz-A 43.9  1.6  296   299   33  MOLECULE: CARBOXYPEPTIDASE B;

Query arstntFNYATYHTLDEIYDFMDLLVAQHPELVSKLQIGRSYEGRPIYVLKFSTGgSNRP   60
ident            |    ||      |    | |||    | ||||| |             
Sbjct ------DVSTSYLRHNEINEYLQTLSQKYPSLVSVEEAGTSYEGRSIKTITINKK-PGNA   53

Query AIWIDLGIHSREWITQATGVWFAKKFTENYGQnpsFTAILDSMDIFLEIVTNPNGFAFTH  120
ident     | ||| ||||  ||         |           |         | || |  | |
Sbjct VVFLDAGIHAREWIAPATALYAIEQLVEHSSE---NQEVLSNLTWVIMPVVNPDGYEFSH  110

Query SENRLWRKTRSVTSsSLCVGVDANRNWDAGFGKAGASSSPCSETYHGKYANSEVEVKSIV  180
ident    | |||||  |    | | | ||| |   |  |||   |  |  |  | || |     
Sbjct ETDRFWRKTRKPTG-KSCKGTDGNRNFDYHWGEVGASTQACADTFRGETAFSEPETRAVR  169

Query DFVKNHG-NFKAFLSIHSYSQLLLYPYGYTTQSIPDKTELNQVAKSAVAALKSLYGTSYK  239
ident | |       |  || |||    ||| | |            ||     | |   |  | 
Sbjct DAVMKLKgSCKFYLSLHSYGNYILYPWGWTSKLPETWEAIDEVAQAGAEAIKQSTGSRYT  229

Query YGSIITTIYQASGGSIDWSYN-QGIKYSFTFELRDTGRYGFLLPASQIIPTAQETWLGVL  298
ident  ||     | | ||| ||         | | ||   |  ||  | | |     | | |  
Sbjct VGSSTNVLYAAAGGSDDWAFAvAEVPISITMELPGGGNGGFNPPPSSIEKIVNESWVGIK  289

Query TIMEHTVNNg  308
ident           
Sbjct AMALKVAQMf  299

Query=4cpaA Sbjct=2c1cA
Chain   Z   rmsd lali  nres  %id  Description
2c1c-A 43.3  1.6  297   312   33  MOLECULE: CARBOXYPEPTIDASE B;

Query arstntFNYATYHTLDEIYDFMDLLVAQHPELVSKLQIGRSYEGRPIYVLKFST--GGSN   58
ident         |  |  |  |    |      |          | |||||   | ||      
Sbjct ------LPYDNYQELEVIDEYLDYIGEKYPDVATVVNAAESFEGRPIKYIKISTtnFEDE   54

Query -RPAIWIDLGIHSREWITQATGVWFAKKFTENYGqnpsFTAILDSMDIFLEIVTNPNGFA  117
ident   | | || ||| ||||      |   |  |           |   |  |  | || |  
Sbjct nKPVIFIDGGIHAREWISPPSVTWAIHKLVEDVT----ENDLLEKFDWILLPVVNPDGYK  110

Query FTHSENRLWRKTRSVTSS---SLCVGVDANRNWDAGFGKAGASSSPCSETYHGKYANSEV  174
ident  |    | ||||||         | | | ||| |      | | ||||  | |  | |||
Sbjct YTFTNERFWRKTRSTNNNplsQICRGADGNRNFDFVWNSIGTSNSPCSDIYAGTSAFSEV  170

Query EVKSIVDFVKNH-GNFKAFLSIHSYSQLLLYPYGYTTQSIPDKTELNQVAKSAVAALKSL  233
ident |     |    |       |  ||     ||| |           |  |         | 
Sbjct ETRVVRDILHEHlARMALYLTMHSFGSMILYPWGHDGSLSQNALGLHTVGVAMASVIQSN  230

Query YG---TSYKYGSIITTI-YQASGGSIDWSYNQGIKYSFTFELRDTGR--YGFLLPASQII  287
ident        |  |     | |   | | |     |   | | ||        || ||   | 
Sbjct ALpnfPPYTVGNSALVIgYYIAGSSEDYAHSIGVPLSYTYELPGLSSgwDGFHLPPQYIE  290

Query PTAQETWLGVLTIMEHTVNN-g  308
ident     ||| |             
Sbjct QVCRETWEGIVVGARRAGDLfr  312

4CPA_A: Carboxypeptidase A (Bos taurus)
7EQZ_A: Carboxypeptidase B (Aedes aegypti)
2C1C_A: Carboxypeptidase B (Helicoverpa zea)



Gene: Leghemoglobin-1
Organism: Lupinus luteus (Llobí groc)
Function:  It facilitates the diffusion of oxygen to 
symbiotic bacteriods in order to promote nitrogen 
fixation.



Gene: Leghemoglobin-1
Organism: Lupinus luteus (Llobí groc)
Function:  It facilitates the diffusion of oxygen to 
symbiotic bacteriods in order to promote nitrogen 
fixation.

Gene: Hemoglobin subunit beta
Organism: Homo sapiens (Humà)
Function:  Involved in oxygen transport from the lung to 
the various peripheral tissues.



CAA68462.1         1 ATGGGTGTTTTAACTGATGTG--CAAGT------------GGCTTTGGTG     36
                     ||||....::|.||....|||  .||||            ..||.|||.|
AAA35597.1         1 ATGGTNCAYYTNACNCCNGTGGAGAAGTCYGCYGTNACNGCNCTNTGGGG     50

CAA68462.1        37 AAGAGCTCA--TTTGAAGAATT------TAATGCAAATATTCCTAAAAAC     78
                     .| ||.|.|  .|.||.|||.:      :.|.||                
AAA35597.1        51 YA-AGGTNAAYGTGGATGAAGYYGGYGGYGAGGC----------------     83

CAA68462.1        79 ACC----CA--CCGTT-----TCTTCACCTTGGTACTAGAGATTGCACCA    117
                      ||    ||  |.|.|     |||.| ||||||..|.||||         
AAA35597.1        84 -CCTGGGCAGNCTGCTNGTGGTCTAC-CCTTGGACCCAGAG---------    122

CAA68462.1       118 GGAGCAAAGGATTTGTTCT--CATT--TTTGAAGGGATCTAGTGAAG--T    161
                                   |||||  .|.|  ||:|  |||||||      |  .
AAA35597.1       123 --------------GTTCTTNGANTCNTTYG--GGGATCT------GNNN    150

CAA68462.1       162 ACCCCAGA-------AT----AATCCTGATCTTCAGGCCCAT-GCTGGAA    199
                     ||.||.||       ||    ||.|||.|..|..||||.||| ||..|||
AAA35597.1       151 ACNCCNGANGCAGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAA    200

CAA68462.1       200 A------GGT---TTTTAAGT-------TGACTTAC---GAAGCAGCAAT    230
                     |      |||   |||  |||       ||.||.||   ||         
AAA35597.1       201 AGTGCTCGGTGCCTTT--AGTGATGGCCTGGCTCACCTGGA---------    239

CAA68462.1       231 TCAACTTCAAGTGAATGGAGCAGTGGCTTCAGATGCCACGTTGAAAAGTT    280
                      ||||.|||||.|.|          .|||    ||||||..|||      
AAA35597.1       240 -CAACCTCAAGGGCA----------CCTT----TGCCACACTGA------    268

CAA68462.1       281 TGGGTTCTGTCCA-TGTCTCAAAAGGAGTCGTTGATGCCCATTTTCCGGT    329
                      |.|..|||  || |||..|||              ||     |.|..||
AAA35597.1       269 -GTGAGCTG--CACTGTGACAA--------------GC-----TNCAYGT    296

CAA68462.1       330 GGTGAAGGAAGCAATCCTGAAAACAATAAAGG------------------    361
                     ||           |||||||.|||  |..|||                  
AAA35597.1       297 GG-----------ATCCTGAGAAC--TTCAGGCTNCTNGGCAACGTGYTN    333

CAA68462.1       362 ----GAGTGGTGGGAGA-CAAATGGAGCGAGGAACTGAACACTGCTTGGA    406
                         |.|||.|||...| ||..|.| ||.|.|||.|.|.|.|       |
AAA35597.1       334 GTCTGYGTGCTGGCCCATCACTTTG-GCAAAGAATTCACCCC-------A    375

CAA68462.1       407 CCA-------TAGCCTATGACGAATTGG----------------------    427
                     |||       ..||||||.|..||.|||                      
AAA35597.1       376 CCAGTGCANGCNGCCTATCAGAAAGTGGTNGCTGGTGTNGCTAATGCCCT    425

CAA68462.1       428 ------CAATTATAATTAAGAAGGAGATGAAGGATGCTGCTTAA    465
                           |||.|||.|.|||                         
AAA35597.1       426 GGCCCACAAGTATCACTAA-------------------------    444

########################################
# Program: needle
#
# Aligned_sequences: 2
# 1: CAA68462.1
# 2: AAA35597.1
# Matrix: EDNAFULL
# Gap_penalty: 10.0
# Extend_penalty: 0.5
#
# Length: 594
# Identity:     225/594 (37.9%)
# Similarity:   230/594 (38.7%)
# Gaps:         279/594 (47.0%)
# Score: 309.0
# 
#
#=======================================



CAA68462.1         1 ATGGGTGTTTTAACTGATGTG--CAAGT------------GGCTTTGGTG     36
                     ||||....::|.||....|||  .||||            ..||.|||.|
AAA35597.1         1 ATGGTNCAYYTNACNCCNGTGGAGAAGTCYGCYGTNACNGCNCTNTGGGG     50

CAA68462.1        37 AAGAGCTCA--TTTGAAGAATT------TAATGCAAATATTCCTAAAAAC     78
                     .| ||.|.|  .|.||.|||.:      :.|.||                
AAA35597.1        51 YA-AGGTNAAYGTGGATGAAGYYGGYGGYGAGGC----------------     83

CAA68462.1        79 ACC----CA--CCGTT-----TCTTCACCTTGGTACTAGAGATTGCACCA    117
                      ||    ||  |.|.|     |||.| ||||||..|.||||         
AAA35597.1        84 -CCTGGGCAGNCTGCTNGTGGTCTAC-CCTTGGACCCAGAG---------    122

CAA68462.1       118 GGAGCAAAGGATTTGTTCT--CATT--TTTGAAGGGATCTAGTGAAG--T    161
                                   |||||  .|.|  ||:|  |||||||      |  .
AAA35597.1       123 --------------GTTCTTNGANTCNTTYG--GGGATCT------GNNN    150

CAA68462.1       162 ACCCCAGA-------AT----AATCCTGATCTTCAGGCCCAT-GCTGGAA    199
                     ||.||.||       ||    ||.|||.|..|..||||.||| ||..|||
AAA35597.1       151 ACNCCNGANGCAGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAA    200

CAA68462.1       200 A------GGT---TTTTAAGT-------TGACTTACGAAGCAGCAATTCA    233
                     |      |||   |||  |||       ||.||.||    |.|.|   ||
AAA35597.1       201 AGTGCTCGGTGCCTTT--AGTGATGGCCTGGCTCAC----CTGGA---CA    241

CAA68462.1       234 ACTTCAAGTGAATGGAGCAGTGGCTTCAGATGCCACGTTGAAAAGTTTGG    283
                     ||.|||||.|.|          .|||    ||||||..|||       |.
AAA35597.1       242 ACCTCAAGGGCA----------CCTT----TGCCACACTGA-------GT    270

CAA68462.1       284 GTTCTGTCCA-TGTCTCAAAAGGAGTCGTTGATGCCCATTTTCCGGTGGT    332
                     |..|||  || |||..|||              ||     |.|..|||| 
AAA35597.1       271 GAGCTG--CACTGTGACAA--------------GC-----TNCAYGTGG-    298

CAA68462.1       333 GAAGGAAGCAATCCTGAAAACAATAAAGG---------------------    361
                               |||||||.|||  |..|||                     
AAA35597.1       299 ----------ATCCTGAGAAC--TTCAGGCTNCTNGGCAACGTGYTNGTC    336

CAA68462.1       362 -GAGTGGTGGGAGA-CAAATGGAGCGAGGAACTGAACACTGCTTGGACCA    409
                      |.|||.|||...| ||..|.| ||.|.|||.|.|.|.|       ||||
AAA35597.1       337 TGYGTGCTGGCCCATCACTTTG-GCAAAGAATTCACCCC-------ACCA    378

CAA68462.1       410 -------TAGCCTATGACGAATTGG-------------------------    427
                            ..||||||.|..||.|||                         
AAA35597.1       379 GTGCANGCNGCCTATCAGAAAGTGGTNGCTGGTGTNGCTAATGCCCTGGC    428

CAA68462.1       428 ---CAATTATAATTAA    440
                        |||.|||.|.|||
AAA35597.1       429 CCACAAGTATCACTAA    444

########################################
# Program: water
#
# Aligned_sequences: 2
# 1: CAA68462.1
# 2: AAA35597.1
# Matrix: EDNAFULL
# Gap_penalty: 10.0
# Extend_penalty: 0.5
#
# Length: 566
# Identity:     226/566 (39.9%)
# Similarity:   231/566 (40.8%)
# Gaps:         248/566 (43.8%)
# Score: 309.0
# 
#
#=======================================



CAA68462.1         1 ATGGGTGTTTTAACTGATGTG--CAAGT------------GGCTTTGGTG     36
                     ||||....::|.||....|||  .||||            ..||.|||.|
AAA35597.1         1 ATGGTNCAYYTNACNCCNGTGGAGAAGTCYGCYGTNACNGCNCTNTGGGG     50

CAA68462.1        37 AAGAGCTCA--TTTGAAGAATT------TAATGCAAATATTCCTAAAAAC     78
                     .| ||.|.|  .|.||.|||.:      :.|.||                
AAA35597.1        51 YA-AGGTNAAYGTGGATGAAGYYGGYGGYGAGGC----------------     83

CAA68462.1        79 ACC----CA--CCGTT-----TCTTCACCTTGGTACTAGAGATTGCACCA    117
                      ||    ||  |.|.|     |||.| ||||||..|.||||         
AAA35597.1        84 -CCTGGGCAGNCTGCTNGTGGTCTAC-CCTTGGACCCAGAG---------    122

CAA68462.1       118 GGAGCAAAGGATTTGTTCT--CATT--TTTGAAGGGATCTAGTGAAG--T    161
                                   |||||  .|.|  ||:|  |||||||      |  .
AAA35597.1       123 --------------GTTCTTNGANTCNTTYG--GGGATCT------GNNN    150

CAA68462.1       162 ACCCCAGA-------AT----AATCCTGATCTTCAGGCCCAT-GCTGGAA    199
                     ||.||.||       ||    ||.|||.|..|..||||.||| ||..|||
AAA35597.1       151 ACNCCNGANGCAGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAA    200

CAA68462.1       200 A------GGT---TTTTAAGT-------TGACTTAC---GAAGCAGCAAT    230
                     |      |||   |||  |||       ||.||.||   ||         
AAA35597.1       201 AGTGCTCGGTGCCTTT--AGTGATGGCCTGGCTCACCTGGA---------    239

CAA68462.1       231 TCAACTTCAAGTGAATGGAGCAGTGGCTTCAGATGCCACGTTGAAAAGTT    280
                      ||||.|||||.|.|          .|||    ||||||..|||      
AAA35597.1       240 -CAACCTCAAGGGCA----------CCTT----TGCCACACTGA------    268

CAA68462.1       281 TGGGTTCTGTCCA-TGTCTCAAAAGGAGTCGTTGATGCCCATTTTCCGGT    329
                      |.|..|||  || |||..|||              ||     |.|..||
AAA35597.1       269 -GTGAGCTG--CACTGTGACAA--------------GC-----TNCAYGT    296

CAA68462.1       330 GGTGAAGGAAGCAATCCTGAAAACAATAAAGG------------------    361
                     ||           |||||||.|||  |..|||                  
AAA35597.1       297 GG-----------ATCCTGAGAAC--TTCAGGCTNCTNGGCAACGTGYTN    333

CAA68462.1       362 ----GAGTGGTGGGAGA-CAAATGGAGCGAGGAACTGAACACTGCTTGGA    406
                         |.|||.|||...| ||..|.| ||.|.|||.|.|.|.|       |
AAA35597.1       334 GTCTGYGTGCTGGCCCATCACTTTG-GCAAAGAATTCACCCC-------A    375

CAA68462.1       407 CCA-------TAGCCTATGACGAATTGG----------------------    427
                     |||       ..||||||.|..||.|||                      
AAA35597.1       376 CCAGTGCANGCNGCCTATCAGAAAGTGGTNGCTGGTGTNGCTAATGCCCT    425

CAA68462.1       428 ------CAATTATAATTAAGAAGGAGATGAAGGATGCTGCTTAA    465
                           |||.|||.|.|||                         
AAA35597.1       426 GGCCCACAAGTATCACTAA-------------------------    444

CAA68462.1         1 ATGGGTGTTTTAACTGATGTG--CAAGT------------GGCTTTGGTG     36
                     ||||....::|.||....|||  .||||            ..||.|||.|
AAA35597.1         1 ATGGTNCAYYTNACNCCNGTGGAGAAGTCYGCYGTNACNGCNCTNTGGGG     50

CAA68462.1        37 AAGAGCTCA--TTTGAAGAATT------TAATGCAAATATTCCTAAAAAC     78
                     .| ||.|.|  .|.||.|||.:      :.|.||                
AAA35597.1        51 YA-AGGTNAAYGTGGATGAAGYYGGYGGYGAGGC----------------     83

CAA68462.1        79 ACC----CA--CCGTT-----TCTTCACCTTGGTACTAGAGATTGCACCA    117
                      ||    ||  |.|.|     |||.| ||||||..|.||||         
AAA35597.1        84 -CCTGGGCAGNCTGCTNGTGGTCTAC-CCTTGGACCCAGAG---------    122

CAA68462.1       118 GGAGCAAAGGATTTGTTCT--CATT--TTTGAAGGGATCTAGTGAAG--T    161
                                   |||||  .|.|  ||:|  |||||||      |  .
AAA35597.1       123 --------------GTTCTTNGANTCNTTYG--GGGATCT------GNNN    150

CAA68462.1       162 ACCCCAGA-------AT----AATCCTGATCTTCAGGCCCAT-GCTGGAA    199
                     ||.||.||       ||    ||.|||.|..|..||||.||| ||..|||
AAA35597.1       151 ACNCCNGANGCAGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAA    200

CAA68462.1       200 A------GGT---TTTTAAGT-------TGACTTACGAAGCAGCAATTCA    233
                     |      |||   |||  |||       ||.||.||    |.|.|   ||
AAA35597.1       201 AGTGCTCGGTGCCTTT--AGTGATGGCCTGGCTCAC----CTGGA---CA    241

CAA68462.1       234 ACTTCAAGTGAATGGAGCAGTGGCTTCAGATGCCACGTTGAAAAGTTTGG    283
                     ||.|||||.|.|          .|||    ||||||..|||       |.
AAA35597.1       242 ACCTCAAGGGCA----------CCTT----TGCCACACTGA-------GT    270

CAA68462.1       284 GTTCTGTCCA-TGTCTCAAAAGGAGTCGTTGATGCCCATTTTCCGGTGGT    332
                     |..|||  || |||..|||              ||     |.|..|||| 
AAA35597.1       271 GAGCTG--CACTGTGACAA--------------GC-----TNCAYGTGG-    298

CAA68462.1       333 GAAGGAAGCAATCCTGAAAACAATAAAGG---------------------    361
                               |||||||.|||  |..|||                     
AAA35597.1       299 ----------ATCCTGAGAAC--TTCAGGCTNCTNGGCAACGTGYTNGTC    336

CAA68462.1       362 -GAGTGGTGGGAGA-CAAATGGAGCGAGGAACTGAACACTGCTTGGACCA    409
                      |.|||.|||...| ||..|.| ||.|.|||.|.|.|.|       ||||
AAA35597.1       337 TGYGTGCTGGCCCATCACTTTG-GCAAAGAATTCACCCC-------ACCA    378

CAA68462.1       410 -------TAGCCTATGACGAATTGG-------------------------    427
                            ..||||||.|..||.|||                         
AAA35597.1       379 GTGCANGCNGCCTATCAGAAAGTGGTNGCTGGTGTNGCTAATGCCCTGGC    428

CAA68462.1       428 ---CAATTATAATTAA    440
                        |||.|||.|.|||
AAA35597.1       429 CCACAAGTATCACTAA    444





########################################
# Program: needle
# Aligned_sequences: 2
# 1: LGB1_LUPLU
# 2: HBB_HUMAN
# Matrix: EBLOSUM62
# Gap_penalty: 10.0
# Extend_penalty: 0.5
#
# Length: 187
# Identity:      34/187 (18.2%)
# Similarity:    54/187 (28.9%)
# Gaps:          73/187 (39.0%)
# Score: 39.5
# 
#
#=======================================

LGB1_LUPLU         1 MGVLTDVQVALVKSSFEEFNA--------NIPKNTHRFFTLVLEIAPGAK     42
                               :|..:.||.:|        |:.:........:|.:.|..:
HBB_HUMAN          1 ----------MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQ     40

LGB1_LUPLU        43 DLF-SFLKGSSEVP---QNNPDLQAHAGKV-------------FKLTYEA     75
                     ..| ||  |....|   ..||.::||..||             .|.|:..
HBB_HUMAN         41 RFFESF--GDLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKGTFAT     88

LGB1_LUPLU        76 AIQLQVNGAVASDATLKSLGSVHVSKGVVDAHF-----PVVKEAILKTIK    120
                     ..:|..:.........:.||:|.|.  |:..||     |.|:.|..|.:.
HBB_HUMAN         89 LSELHCDKLHVDPENFRLLGNVLVC--VLAHHFGKEFTPPVQAAYQKVVA    136

LGB1_LUPLU       121 EV---VGDKWSEELNTAWTIAYDELAIIIKKEMKDAA    154
                     .|   :..|:.                          
HBB_HUMAN        137 GVANALAHKYH--------------------------    147

########################################
# Program: water
# Aligned_sequences: 2
# 1: LGB1_LUPLU
# 2: HBB_HUMAN
# Matrix: EBLOSUM62
# Gap_penalty: 10.0
# Extend_penalty: 0.5
#
# Length: 117
# Identity:      29/117 (24.8%)
# Similarity:    39/117 (33.3%)
# Gaps:          38/117 (32.5%)
# Score: 51.0
# 
#
#=======================================

LGB1_LUPLU        27 THRFFTLVLEIAPGAKDLFSFLKGSSEVP---QNNPDLQAHAGKV-----     
68
                     |.|||.             ||  |....|   ..||.::||..||     
HBB_HUMAN         39 TQRFFE-------------SF--GDLSTPDAVMGNPKVKAHGKKVLGAFS     
73

LGB1_LUPLU        69 --------FKLTYEAAIQLQVNGAVASDATLKSLGSVHVSKGVVDAHF--    
108
                             .|.|:....:|..:.........:.||:|.|.  |:..||  
HBB_HUMAN         74 DGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVC--VLAHHFGK    
121

LGB1_LUPLU       109 ---PVVKEAILKTIKEV    122
                        |.|:.|..|.:..|
HBB_HUMAN        122 EFTPPVQAAYQKVVAGV    138



Gene: Hemoglobin subunit beta
Organism: Homo sapiens (Humà)
Function:  Involved in oxygen transport from the lung to 
the various peripheral tissues.
Structure: pdb code: 1IRD chain B

Gene: Leghemoglobin-1
Organism: Lupinus luteus (Llobí groc)
Function:  It facilitates the diffusion of oxygen to symbiotic 
bacteriods in order to promote nitrogen fixation.
Structure: NO pdb code (No experimentally solved structure)



Q9HVW4         mltllrrgllvflaafpllsmaaptpqqvVQGTVDELLSDIKANKAAYKA

#=GR Q9HVW4 PP *****************************7999*****************

2QGU           .......................adaqatVKTAVDDVLATIKGDPDLRGG

#=GR 2QGU   PP .......................******899******************

#=GC PP_cons   .............................799******************

#=GC RF        .............................xxxxxxxxxxxxxxxxxxxxx

Q9HVW4         DPQKLYATLDRILGPVVDAEGIAKSVMTVKySRQASPEQIKRFEEVFKNS

#=GR Q9HVW4 PP ****************************9999******************

2QGU           NLQKVFQLVDQKIVPRADFKRTTQIA-GRF.WSQATPEQQQQIQDGFKSL

#=GR 2QGU   PP ***********************987.846.*******************

#=GC PP_cons   ************************98*977.*******************

#=GC RF        xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.xxxxxxxxxxxxxxxxxxx

Q9HVW4         LMQFYGNALLEYDNQDIRVLPSSAKPSDDRASVNMEIRDSKGTVYPVSYT

#=GR Q9HVW4 PP ********************66666679**********************

2QGU           LIRTYAGALANVRNQTVAYKPFRAAADDTDVVVRSTVNNN-GEPVALDYR

#=GR 2QGU   PP ********************77777779*********877.5********

#=GC PP_cons   ********************66666779*********999*8********

#=GC RF        xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Q9HVW4         MTNLAGGWKVRNVIINGINIGKLFRDQFADTMQKNrNdLEKTIAGWG---

#=GR Q9HVW4 PP ***8889****************************989*****9885...

2QGU           VEKSPNGWKVYDINISGLWLSETYKNQFADVISKR.GgVGGLVQFLDERN

#=GR 2QGU   PP ***6669****************************.55********9987

#=GC PP_cons   ***7779****************************.7.*****9997987

#=GC RF        xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.x.xxxxxxxxxxxx

Q9HVW4         evvakaketakaeeagak

#=GR Q9HVW4 PP 689***************

2QGU           aqlak.............

#=GR 2QGU   PP *****.............

#=GC PP_cons   ..................

#=GC RF        ..................

Homollogy modelling:



########################################
# Program: needle
# Aligned_sequences: 2
# 1: LGB1_LUPLU
# 2: HBB_HUMAN
# Matrix: EBLOSUM62
# Gap_penalty: 10.0
# Extend_penalty: 0.5
#
# Length: 187
# Identity:      34/187 (18.2%)
# Similarity:    54/187 (28.9%)
# Gaps:          73/187 (39.0%)
# Score: 39.5
# 
#
#=======================================

LGB1_LUPLU         1 MGVLTDVQVALVKSSFEEFNA--------NIPKNTHRFFTLVLEIAPGAK     42
                               :|..:.||.:|        |:.:........:|.:.|..:
HBB_HUMAN          1 ----------MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQ     40

LGB1_LUPLU        43 DLF-SFLKGSSEVP---QNNPDLQAHAGKV-------------FKLTYEA     75
                     ..| ||  |....|   ..||.::||..||             .|.|:..
HBB_HUMAN         41 RFFESF--GDLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKGTFAT     88

LGB1_LUPLU        76 AIQLQVNGAVASDATLKSLGSVHVSKGVVDAHF-----PVVKEAILKTIK    120
                     ..:|..:.........:.||:|.|.  |:..||     |.|:.|..|.:.
HBB_HUMAN         89 LSELHCDKLHVDPENFRLLGNVLVC--VLAHHFGKEFTPPVQAAYQKVVA    136

LGB1_LUPLU       121 EV---VGDKWSEELNTAWTIAYDELAIIIKKEMKDAA    154
                     .|   :..|:.                          
HBB_HUMAN        137 GVANALAHKYH--------------------------    147

########################################
# Program: water
# Aligned_sequences: 2
# 1: LGB1_LUPLU
# 2: HBB_HUMAN
# Matrix: EBLOSUM62
# Gap_penalty: 10.0
# Extend_penalty: 0.5
#
# Length: 117
# Identity:      29/117 (24.8%)
# Similarity:    39/117 (33.3%)
# Gaps:          38/117 (32.5%)
# Score: 51.0
# 
#
#=======================================

LGB1_LUPLU        27 THRFFTLVLEIAPGAKDLFSFLKGSSEVP---QNNPDLQAHAGKV-----     
68
                     |.|||.             ||  |....|   ..||.::||..||     
HBB_HUMAN         39 TQRFFE-------------SF--GDLSTPDAVMGNPKVKAHGKKVLGAFS     
73

LGB1_LUPLU        69 --------FKLTYEAAIQLQVNGAVASDATLKSLGSVHVSKGVVDAHF--    
108
                             .|.|:....:|..:.........:.||:|.|.  |:..||  
HBB_HUMAN         74 DGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVC--VLAHHFGK    
121

LGB1_LUPLU       109 ---PVVKEAILKTIKEV    122
                        |.|:.|..|.:..|
HBB_HUMAN        122 EFTPPVQAAYQKVVAGV    138

VERY BAD ALIGNMENTS!!!
NO ALIGNMENT

=>
NO STRUCTURE



Gene: Hemoglobin subunit beta
Organism: Homo sapiens (Humà)
Function:  Involved in oxygen transport from the lung to 
the various peripheral tissues.
Structure: pdb code: 1IRD chain B

Gene: Leghemoglobin-1
Organism: Lupinus luteus (Llobí groc)
Function:  It facilitates the diffusion of oxygen to symbiotic 
bacteriods in order to promote nitrogen fixation.
Structure: NO pdb code (No experimentally solved structure)



Gene: Hemoglobin subunit beta
Organism: Homo sapiens (Humà)
Function:  Involved in oxygen transport from the lung to 
the various peripheral tissues.
Structure: pdb code: 1IRD chain B

Gene: Leghemoglobin-1
Organism: Lupinus luteus (Llobí groc)
Function:  It facilitates the diffusion of oxygen to symbiotic 
bacteriods in order to promote nitrogen fixation.
Structure: AlphaFoldDB: AF-P02239



# Job: LGB1_LUPLU 1IRD
# Query: s001A
# No:  Chain   Z    rmsd lali nres  %id PDB  Description
   1:  s001-A 32.0  0.0  154   154  100   MOLECULE: LEGHEMOGLOBIN-1;                                           
   2:  t002-B 14.1  2.5  138   146   12   MOLECULE: HEMOGLOBIN ALPHA CHAIN;

Query mgVLTDVQVALVKSSFEEFnaNIPKNTHRFFTLVLEIAPGAKDLFSFLKGSS----EVPQ   56
ident    ||      |         |            |   |     |      |        
Sbjct -vHLTPEEKSAVTALWGKV--NVDEVGGEALGRLLVVYPWTQRFFESFGDLStpdaVMGN   57

Query NN-PDLQAHAGKVFKLTYEAAiqlqvnGAVASdatLKSLGSVHV-SKGVVDAHFPVVKEA  114
ident              |                        |   |     |    |      
Sbjct PKvKAHGKKVLGAFSDGLAHL------DNLKG--tFATLSELHCdKLHVDPENFRLLGNV  109

Query ILKTIKEVVGDKWSEELNTAWTIAYDELAIIIKKEMKdaa  154
ident          |         |        |           
Sbjct LVCVLAHHFGKEFTPPVQAAYQKVVAGVANALAHKYH---  146

STR/afP02239_dali1IRD.pse


Query mgVLTDVQVALVKSSFEEFnaNIPKNTHRFFTLVLEIAPGAKDLFSFLKGSS----EVPQ   56
ident    ||      |         |            |   |     |      |        
Sbjct -vHLTPEEKSAVTALWGKV--NVDEVGGEALGRLLVVYPWTQRFFESFGDLStpdaVMGN   57

Query NN-PDLQAHAGKVFKLTYEAAiqlqvnGAVASdatLKSLGSVHV-SKGVVDAHFPVVKEA  114
ident              |                        |   |     |    |      
Sbjct PKvKAHGKKVLGAFSDGLAHL------DNLKG--tFATLSELHCdKLHVDPENFRLLGNV  109

Query ILKTIKEVVGDKWSEELNTAWTIAYDELAIIIKKEMKdaa  154
ident          |         |        |           
Sbjct LVCVLAHHFGKEFTPPVQAAYQKVVAGVANALAHKYH---  146

LGB1_LUPLU         1 MGVLTDVQVALVKSSFEEFNA--------NIPKNTHRFFTLVLEIAPGAK     42
                               :|..:.||.:|        |:.:........:|.:.|..:
HBB_HUMAN          1 ----------MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQ     40

LGB1_LUPLU        43 DLF-SFLKGSSEVP---QNNPDLQAHAGKV-------------FKLTYEA     75
                     ..| ||  |....|   ..||.::||..||             .|.|:..
HBB_HUMAN         41 RFFESF--GDLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKGTFAT     88

LGB1_LUPLU        76 AIQLQVNGAVASDATLKSLGSVHVSKGVVDAHF-----PVVKEAILKTIK    120
                     ..:|..:.........:.||:|.|.  |:..||     |.|:.|..|.:.
HBB_HUMAN         89 LSELHCDKLHVDPENFRLLGNVLVC--VLAHHFGKEFTPPVQAAYQKVVA    136

LGB1_LUPLU       121 EV---VGDKWSEELNTAWTIAYDELAIIIKKEMKDAA    154
                     .|   :..|:.                          
HBB_HUMAN        137 GVANALAHKYH--------------------------    147

Needle: sequence based
18.2% ident.

Dali: structure based
12% ident.



What can we do with the structural knowledge?

Electrostatics Surface Properties
(Predict interactions) Compare structure of proteins

(molecular evolution)

Define ligand binding 
site regions

Find exposed-buried residues (design 
of mutations)

Design drugs

Map hydrophobicity

Find cavities within the protein



https://www.utep.edu/science/chemistry/_files/images/facilities/cryo%20e
m%20microscope.png 

https://structbio.vanderbilt.edu/nmr/facility/Renovation_2010_11/900_2012_2_s
mall.jpg 

https://www.utep.edu/science/chemistry/_files/images/facilities/cryo%20em%20microscope.png
https://www.utep.edu/science/chemistry/_files/images/facilities/cryo%20em%20microscope.png
https://structbio.vanderbilt.edu/nmr/facility/Renovation_2010_11/900_2012_2_small.jpg
https://structbio.vanderbilt.edu/nmr/facility/Renovation_2010_11/900_2012_2_small.jpg


AlphaFold:
High Acuracy protein structure predictions



Gene: bfpC
Organism: Escherichia coli O127:H6
Function: Unknown function in Type IV pilus type B, 
variant R64.
Structure: AlphaFoldDB: AF- B7UTD4
  PDB: 3VHJ (only N-ter domain)

Gene: pilO
Organism: Burkholderia pseudomallei (strain K96243)
Function: Unknown function in Type IV pilus type B, 
variant BFP.
Structure: AlphaFoldDB: AF-Q63JW5
  PDB: 4BYZ, 4BZ0 (only N-ter domain)

https://alphafold.ebi.ac.uk/entry/Q63JW5 https://alphafold.ebi.ac.uk/entry/B7UTD4

https://alphafold.ebi.ac.uk/entry/Q63JW5
https://alphafold.ebi.ac.uk/entry/B7UTD4




Click and follow the tutorial "How to interpret the Predicted 
Aligned Error" to better understand this graphic / score





B7UTD4 Q63JW5

In both cases, since the 
structure of the 
interdomain region 
cannot be trusted, the 
relative position of one 
domain with respect to 
the other cannot be 
trusted either. This way, 
since each domain 
superpose very well 
with its counterpart, it 
should be considered 
that both structures, in 
fact, superpose very 
well.
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