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Immunoglobulin description

SCOP Classification:
Class: All 3 protein

Fold: immunoglobulin-like 3-sandwich
Superfamily: Immunoglobulin
Family: Vset domains or C1 set domains

COO- COO-

Image from: https://image.slidesharecdn.com/antibodieschpt4-141027033913-conversion-gate01/95/antibodies-chpt-4-2-638.jpg?cb=1414381229



Immunoglobulin description

1hzh




lg constant domain

e 7 antiparallel B-strands
e 2 [3-sheets:
o 4-stranded sheet
o 3-stranded sheet

Immunoglobulin-like B-sandwich




lg constant domain

e 7 antiparallel B-strands
e 2 [(3-sheets:
o 4-stranded sheet
o 3-stranded sheet

Immunoglobulin-like B-sandwich



lg constant domain

4-stranded B-sheets interaction

1lhzh 1hzh



Hydrophobic core

2wqr

@® polar
@ hydrophobic



lg variable domain

e 7 + 2 antiparallel B-strands: C’ and C”
e 2 [(B-sheets:
o 5-stranded sheet
o 4-stranded sheet

4p3c . e .
P Immunoglobulin-like B-sandwich



lg variable domain

e 7 + 2 antiparallel B-strands: C’ and C”
e 2 [3-sheets:
o b-stranded sheet
o 4-stranded sheet

Immunoglobulin-like B-sandwich

5ez]



lg variable domain

5-stranded B-sheets » B-barrel

1hzh 1hzh
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Structural alignment - heavy chain

Oryctolagus cuniculus
Homo sapiens

Homo sapiens

Rattus norvegicus
Macaca mulatta

Oryctolagus cuniculus
Homo sapiens

Homo sapiens

Rattus norvegicus
Macaca mulatta

Oryctolagus cuniculus
Homo sapiens

Homo sapiens

Rattus norvegicus
Macaca mulatta

Oryctolagus cuniculus
Homo sapiens

Homo sapiens

Rattus norvegicus
Macaca mulatta

Oryctolagus cuniculus
Homo sapiens

Homo sapiens

Rattus norvegicus
Macaca mulatta

A B C 0g

- QSEEESGGDIEVKPGAS LTLTCTASGFS - FTNNYVMCHVRQAPGKGL ERTACTYGGGRDT
EVQEVESGGKIVQPGGS LRLSCEASGES - VGD - NDMAWVRQUVAGKGLEWVSSTIGS - S - GD
- VQUQESGPGIVKPSETLSLTCAVSGYS - ISSGYVHRGHIRQPPGKGL ENIGSTIYH-S -GS
QVQEKESGPGEVQPSQTLSLTCTVS - GFSL TN - NNUNWVRQA T GRGLEWMGGVWA - G - GA
QVQUQESGPGIVKPSE T LSUTCAVS - GUSFSS - FRNGRTRQSPGKGLEWIGTIVG-SSGR

c” D CDR 1 F CDR 2
EENATWAKGREBESEESS - TTVTLQMTSLTAAD TAINECARENSSEDEANGVGGGTYSTD
NN I DAVKGREINSRBKGRNS VY LQMKTLTVGD TOUNEEURGPESGW -F - - - - - - - - - YH
NN, SLKSRUMESHIB TSKNQFSLKLSSVTAADTANNNGRGE - - - - - - - - - - - - - - - - - -
EBNINSALKSRETEPRBTSKSQVFLKMHSLQSED THINN@ARDG - -GYSS-------- - - S
BENNPSLKSRIEIESR-S---QISLELTSVTAADTAINNGSRGE - -F - - - - - - - - - - - - - -

A CDR3 B
------------ Y-YF-DLWGPGTLVIVSSGQPKAPSVFPEAPCCGDT-PSA- - TMTLGC.
Y--------=--~ YWGL - GVWGRGTTVTVSSASTKGPSUFPLAPS - - - - - - SK - GTAALGC.
---------------- TANWGQGTLTTVSSASTKGPSUFPLAPS - - - - - - -S-GTAALGC
TL----~------ Y-AM-DAWGQGTTVTVSSASTTAPSUWPLAPG----S----- MVTLGC
-QPNGFSFTLTSY-WF -DVWGPGVPVTVSSASTKGPSVFPLA-P- - - - - STSESTAALGC
B CoR3  ( D F

LVEGYLPEPVINTHENSGTLTNGYREERSMRQSSGLYSLSSVVSVTS - - - -SSQPYIENVAN
LVKDYFPEPVTVUSHNSGALTSGUERERENI QSSGLYSLSSVVTVPSSSL - GTQT VIENUN

LVKDYFPEPVTVUSHNSGALTSGUNEEPANI QSSGLYSLSSVVTVPSSSL - GTQT ViGNNI
LVKGYFPEPVIVTHNSGS LASGUHNERENEQ - SGL Y TLSSSVTVPASPWAS - EAVFGCNURE
LVKDYFPEPVIVSHNSGSLTSGUAEEREEQSSGLYSLSSVVTVPSSSLGT - QT VIGNUNI

HPATNTKVDKTV-AP- - -
HKPSNTKVDKRVEPK - - -
HKPSNTKVDKKVEPKSCL
HAPASSTKVDKKI-VP-R-
HKPSNTKVDKRV-EI-K-



letz
5dd3
4jo4
5115
5ihu

letz
5dd3
4j04
5115
5ihu

letz
5dd3
4jo4
5i15
5ihu

letz
5dd3
4jo4
5115
5ihu

Structural alignment - light chain

A B C (o
Mus Musculus FAVIIQ==E=SSALTTSPGETMTLTCRSSTGAVTTSN----- YAIWVQEKPDHLFSGLIGG
Macaca mulatta DIQVIQ=SP=SSESASVGDIMITISCRTS-QT-IS----- T-WEARYQUVKPGKAPKLLIYT

Oryctolagus cuniculus DIVMTQ=TPASVSAAV - GGIMTINCQA---S-ET--IS-N-YEARYQQKPGQPPKLLIYK
Homo sapiens
Bos taurus

Mus Musculus

Macaca mulatta ASBEESGVPSRESGSEGESCGTOFTLTISTLQSEDFANNNEQQY IS
oryctolagus cuniculus ASHBASGVSSRERGSGESGTEYTLTISGVQCDDANTNNEQQLYS - - -TISDIDNSFGG-GT

Homo sapiens ASEEQSGVPSRESEGSG-SGTDFTLTISSLQPEDFAINNEGQQSYS---T-PL--TFGQ-GT
Bos taurus DTSRASGVPDRESGSRESCGNTATLTISSLQAEDEADMEGASA- EDSSS-NA--VFGS-GT
CDR 2 CDR 3
A B C D
Mus Musculus KLTVLG-QPKSSPSNTERTPSSEELETNKATLVCTITDEYPGVVINVDHEVD GERNMIQGNE
T KVEIK- - RAVAAPSWETEPPSEDQVKSGTMSVACLLNNEY PR EASVKHKYD G VEKTGNSY
(]ry.:tu]_agus cuniculus EWVK' 'GDPVAP_PPMDQVATGWFPD'_G_
Homo sapiens KVEIK--RTVAAPSVEIFPPSDEQLKSGTASVNCLLNNEYPREAKVQHENVDN ANQSGNSY
Bos taurus TLTVL - GQPKSPPSUTEFPPSTEELNGNKATLVCLISDEYPGSVINVHKAD C STITRNVE

F
Mus Musculus TRQRSKQS - NNKYMASSYLTLTARAWERHSSNSEGQUIHEGH - - - - TVEKSLSRAECS
Macaca mulatta ESMITEQDSKDNTYSLSSTLTLSNTDYQSHNUNAGEVIE- Q- GLSSPVTKSFNRGE - -
oryctolagus cuniculus NSKEPQNSADCTYNLSSTLTLTSTQYNSHK ENIGKNIQ:-GT - - - TSVVQSFNRGDC-
Homo sapiens ESMINEQDSKDSTYSLSSTLTLSKADY EKHKNNAGEVWTH - - QGLSSPVTKSFNR -GEC
Bos taurus IERASKOS -NSKYAASSYLSLTSSDWKSKGS MSGENIE- EG - - -STVTKTVKPSEC-



Sequence alignment - CH1

sp|PO1859 | IGHG2_HUMAN
sp|PO1860 | IGHG3_HUMAN
sp|P20762|IGG2C_RAT
sp|PO1868 | IGHG1_MOUSE
sp|PO6337 | IGHM_MESAU
sp|PO3988 | IGHM_RABIT
sp|PO1871| IGHM_HUMAN
sp|P23087 |HVCS_HETFR
sp|PO1872 |MUCM_MOUSE
sp|P23735|MUCM_ICTPU

sp|PO1859 | IGHG2_HUMAN
sp|PO1860 | IGHG3_HUMAN
sp|P20762| IGG2C_RAT

sp|PO1868 | IGHG1_MOUSE
sp|P06337 | IGHM_MESAU
sp|P03988| IGHM_RABIT
sp|PO1871 | IGHM_HUMAN
sp|P23087 |HVCS_HETFR
sp|PO1872 | MUCM_MOUSE
sp|P23735|MUCM_ICTPU

- --ASTKG
---AS5TKG
---ARTTA
-=-=-AKTTP
--5--P55
vsl---55
--g-5A5A
-at--PsP
£qQS~----F
-pk-----

- - -LTSGVHT
-« -LTSGVHT
- - -LSSGVHT
- - -LSSGVHT
- - -VNQGVRT
- - -SSRTVRT
---DISSTRG
- -ITTGLKT
nteVIQGIRT

- - -ALTDWVQ

100% conserved residues

SVFP
SVFP
SVYP
SVYP
TWFP
TLYP
TLFP
TLYG
NVFP
SLFP

AVLQS55G
AVLQSSG
AVLQ-SG
AVLQ-SD
TLRM-GE
VVKR-GD
SVLR-GG
SVLNKKG
TLRT-GG
AVQ-ATG

PCsr-stSE-STAAL
PCsr-stSG-GTAAL
PGcs-gtSG-5LMTL
PGsa-agqTN-SMVTL
SCesplsDE-NLVAM
SCeg-alTDgNLVAM
SCenspsDT-55VAY
CSCeq-pnTD-GSLAY
SCesplsDK-NLVAM
Q€g--sasD-GLVTL

SLS
SLS
TLS
TLS
AAT
MAT,
AAT
TQS
LAT
TS

] !

VKGYF - PEPVTV

1 ]
-VETVPSSNF- - -GTQTY-T

-VMTVPSSSL---GTQTY-T
TVPSSTW- - -SSQTV-T
TVPSSPR- - -PSETV-T
FLPPKSV1egSDEYL-V
LVPSKDV1-qGTEEY1V
LLPSKDVmqgTDEHV-V
TITESEV---GSSKI-Y
LSPKSILe-gSDEYL-V
HURVKASDW - - NGNKKF - T

] i
OO 00 nw;
MAMXEXXEXREEZNZEE

L =

90-80% conserved residues belonging to different groups

90-80% conserved residues belonging to the same group

residues from the same group

hydrophobic residues (aromatic and none aromatic)

VKDYF-PEPVTVSH----N---5--GA
VKDYF-PEPVIVSH----N---5--GA
ssssfessh==Lfl
VKGYF-PEPVIVTH----N---5--G5
ARDFL-P55I5FSH- - - -NygnK- -5E
ARDFL-PSSVTFSHsfknN---5--EI
AQDFL-PDSITLSH- - - -Ky-KkN--NS
AMDYI-PQITSVSH- - - -K---KdnEP
ARDFL-PSTISFTH----N---Y--QN
TRDLASADGLSFIM----Kd-as--GS

DHKPSNTKVDKT
NHKPSNTKVDKR
AHPATKSNLIKR
AHPASSTKVDKK
HHGNTHK = = = = -
QHSNSNR- - - - -
QHPNGNK - - - - -



Sequence alighment constant domain

U/
i

» ":
s

4lld

. . |
Conserved Valines, Isoleucines
and Leucines :

____________________



sp|POCF74|LAC6_HUMAN |
sp|PO1846 | LAC_PIG|
sp| |P20763 | LAC_CHICK]|
sp|PO1844|LAC2_MOUSE |
sp|PO1835|KACB_RAT|
sp|PO1839|KACB_RABIT|
sp|PO1834| IGKC_HUMAN |
sp|PO1846|KAC4_RABIT|
sp|PO1841|KAC5_RABIT|
sp|P11272|IGKC_LITCT]|

sp|POCF74|LAC6_HUMAN |
sp|PO1846|LAC_PIG|
sp| |P20763 | LAC_CHICK|
sp|P@1844|LAC2_MOUSE |
sp|PO1835|KACB_RAT|
sp|PO1839|KACB_RABIT|
sp|PO1834| IGKC_HUMAN |
sp|PO1840|KAC4_RABIT|
sp|P@1841|KAC5_RABIT|
sp|P11272| IGKC_LITCT]

Sequence alighment - CL

SVTLEPRSSEELQ-ANKATLMELISDEYRGAVKHEA
TVNLEPRSSEELG-TNKATLMELISDEYRGAVT
TITLEPRSKEELNeATKATLMELINDFEYRSPVT
TLTVEPRSSEELK-ENKATLMELISNESRSGVT
TVSIFPRSTEQLA-TGGAS LMNNFYPBRDIS
SVLLEPRSKEELT-TGTATIMEVANKEYRSDIT
SVFIFPRSDEQLK-SGTAS LLNNFYFREAK
TVLIFPRAADQVA-TGTNTIMEBVANKYFRD-VT
TVLIFPRAPAQLA-TGANTIMEVANKYFRD-GT
TVSINCRSLEQRN-SGSASTMELVDKEYRGGAQ

]
SKQS - NNKYAA
SKQS - NNKYAA
QRQS-NSQYMA
TKEG- -NKFMA

SASDWSSHETYT
TSDQWRSHNSFET

DQDSKDSTYSHM TKADYESHNLYT HKTss5PVWVKSFENRNE
PQSPEDNTYSL TSAQYNSHSVYT QG5-aSPIVQSFNRGD
EQDSKDSTYSL SKADYEKHKWY THQGLsSPVTKSFNRGE

PQNSADCTYNL
PONSDDCTYNL
IKDK-DNTYSHM

TSTQYNSHKEYT
QKSNYNSHNEYT
SSEEFKY-S5THMT

M 2% M M M O

- 100% conserved residues

90-80% conserved residues belonging to different groups
- 90-80% conserved residues belonging to the same group
- residues from the same group

hydrophobic residues (aromatic and none aromatic)

1]

TPEQWKSHRSYSEQMTHEG- -STVEKTVAPAE
SASDWKSSS5GFTEQMTHEG- -TIVEKTVTPSE
THNG--TSITKTLKRSE
THEG- -DTVEKSLSPAE

TQGT--TSVWVQSFNRGD
AQGA- - GSVVQ5SF5RKN
THPTLtPALAKSFQTSE

KADGSPVYNTGVETITP
KAGGTTVTQGVETTKP
VIDGSTRSG--ETTAP
KANGTPITQGVDTSNP
KIDGTERRDGVLDSVT
KVDGTTQQSGIENSKT
KVDNALQSGNSQESVT
EVDGTTQTTGIENSKT
EVDGKPLTTGIETSKT
KGDNKVISSGVDTSDK



sp|P81866 | HVM36_MOUSE
sp|P81823 |HVM47_MOUSE
sp|P18531|HVM6@_MOUSE
sp|P83987 | IGW3_HETFR
sp|P18528 |HVM57_MOUSE
sp|P81793 |HVM24_MOUSE
sp|P81803 | HVM34_MOUSE
sp|P@1789 | HVM20_MOUSE
sp|PO1785|HVO2_CANLF
sp|P81746 | HVMB2_MOUSE

sp|P81806 | HVM36_MOUSE
sp|P81823 |HVM47_MOUSE
sp|P18531|HVM60_MOUSE
sp|P83907| IGW3_HETFR

sp|P18528 | HVM57_MOUSE
sp|P@1793 |HVM24_MOUSE
sp|P81803 |HVM34_MOUSE
sp|P81789 | HVM2@_MOUSE
sp|P81785|HVO2_CANLF

sp|P81746 | HVMO2_MOUSE

sp|P81806 | HVM36_MOUSE
sp|P81823 |HVM47_MOUSE
sp|P18531|HVM6@_MOUSE
sp|P83987| IGW3_HETFR
sp|P18528 |HVM57_MOUSE
sp|P81793 |HVM24_MOUSE
sp|P81863 | HVM34_MOUSE
sp|P@1789 | HVM20®_MOUSE
sp|PO1785|HVO2_CANLF
sp|P81746 | HVMB2_MOUSE

Sequence alighment - VH

(| !
mdfgliffivallkgvqce- GGLVQPGGSLKLS FDFSR-YWMSHVREOA
~~~~~~~~~~~~~~~~~~~ PSLVKESQTLSLTESVTGDSITS-DYWNRIRKF
mkvlsllylltaipgilsd- PGLVKPSQSLSLTESVIBYSITSgYYWNRIROF
~~~~~~~~~~~ nivltgpe-f5- SAVEKPGESHKLSETVSEFDVNG - HHMNEVEQY
~~~~~~~~~~~~~~~~~~~ GGLVKFGGSLKLS FTFSD-YYM RQT
~~~~~~~~~~~~~~~~~~~ GGLVQPGGSLRLSEBATSEFTLSD-FYMERVROT
~~~~~~~~~~~~~~~~~~~ GGLVQPGRSMKLSEVASGFTFSN-YWMNEVROS
~~~~~~~~~~~~~~~~~~~ GGLVQPGGSLRLSEBATSGFTFSD- FYMERVROP
~~~~~~~~~~~~~~~~~~~ GDLVKFGGSLRLSEVASGFTFSS-NGMSHVROD
mgwsfiflfllsvtagvhs AELVRAGSSVKMS YTFTS-YGINBVEKQR

CDR 1
K IGEINPdS---STINYTPSL FITSREBNAKNTLYLQMSKVR TAL A
N MGYISY-S---GSTYNNPSL ISITRBTSKNQYYLQLNSVT TAT T
N MGYISY-D- - -GSNNMNPSL ISITRDTSKNQFFLKLNSVT TAT A
E LLSYRK-T---¥YNTYMASGI ITFSTESS--TTFIEIPNLR T A
K ATISD-G--gSYTYNPDSY FTISREBNAKNNLYLQMSSLK T A
K IAASRN-KvydYTTENMSASY FIVSRBTSQSILYLQMNALR T A
K AEIRLKkSh-nYAIHYAES FTISREBDSKSSVYLQMNNLR T S
K IAASRN-KgnkYTTENMSASY FIVSRBTSQSILYLQMNALR T A
E ADISS-S5---GQTYNMADAY FSISRBNAKNTLYLQMEDLR T A
Q IGYINP-G--nGYINYNEKF TTLTVBKSSSTAYMQLRSLT S A
CDR

R--ccccccccnnx

SLRF--=--=----

R 100% conserved residues

RGTGF-PQ- - -WG

Re==sssssssa=x

RDAYY - GSYWYFD

TGeccacaa=s

residues from the same group

TEGD--I-E-IPR
RSHYYgQGSY-DFD

CDR 3

90-80% conserved residues belonging to different groups

90-80% conserved residues belonging to the same group

hydrophobic residues (aromatic and none aromatic)



Sequence alighment - VL

!

sp|PO1688|KVO7_RABIT]|
sp|PO1696 |KV15 RABIT|
sp|PO1689|KVO8_RABIT|
sp|P01694|KV13_RABIT|
sp|P84750 |KVM5_MOUSE |
sp|PO1726|LV1D_MOUSE|
sp|P04211|LVOO1_HUMAN |
sp|P01698|KV17_RABIT|
sp|PO1723|LV1A_MOUSE|
sp|P01692|KV11_RABIT|

sp|PO1688|KVO7_RABIT|
sp|P01696 |KV15_RABIT|
sp|PO1689|KVA8_RABIT|
sp|P01694|KV13 RABIT|
sp|P84750 | KVM5_MOUSE |
sp|P01726|LV1D_MOUSE |
sp|P04211|LVOO1_HUMAN |
sp|P01698|KV17_RABIT|
sp|PO1723|LV1A_MOUSE|
sp|P01692|KV11_RABIT|

TPa“VEAAV -
TPsSSK5VPV-
P5-SVEAAV-
P5-SVSAAV-

A---5-QB--1Y-SYLS
A- - -5-QSvysN-NRLA
S---5-Q5--1G-TYLA
A---S-ED--1S-ANLA

--a-VEL
-=-=-=IVM
afe---L
ayd---M

--=-DILM SQkFLSTSV- KA---5-0QN--vG-TNVA
--g-AVV -E-SALTTSp RSttgA-VT--tG-NYAN
--q-TVV EP-SLTVSP- 55tgA-VT---5gYYPN
--abDIVM TPasVSEPVY- A---5-QS--1F-BBLA
--q-AVVY -E-SALTTSp R5stgAvTT---5-NYAN

1
\é
F
Y
\é
\é
\;
F
Y
\;
\é

A---S-TD--iS-SNLA
CDR1 |

- = = - =T
TM O M XOMNOO

afe---L P5-SVEAAV-

YKASTLASCOVSS =G TY--S5YS5TYF

YKASTLASCUPS 56 RVA-S5TNNI-VF
YRASTLASCUSS 56 GT-YYZS5-ASF
YAASDLASCUPS 56 SAdYSGSAVTF
YSASYRYSCOVPD =G FEQQF-NRYPL-TF

GGTNNRAPCVPA 5LI FEALW-YS-NHWVF
YSTSNKHSHTPA 5L
YTBYTLASCUSS G

GGTNNRAPLVPA 5LI
YSASTLASCOVSS 5G

CDR 2

100% conserved residues

90-80% conserved residues belonging to different groups
90-80% conserved residues belonging to the same group
residues from the same group

hydrophobic residues (aromatic and none aromatic)



Additional conservations - charged residues

Alignment from the heavy chain:

mdfgliffivallkgvqce-VKLLESGGGLVQPGGSLKLSCAASGFDFSR - YWMSWVRQA
EVQLQESGPSLVKPSQTLSLTCSVTGDSITS-DYWNWIRKF
mkvlsllylltaipgilsd-VQLQESGPGLVKPSQSLSLTCSVTGYSI fgvvwewlqu
nivltgpe-----5--S SAVKKPGESHKLSCTVSGFDVNG - HHMNWVEQV
EVQLVESGGGLVKPGGSLKLSCAASGFTFS D-\\m 'WVRQT
EVKLVESGGGLVQPGGSLRLSCATSGFTLSD-FYMEWVRQT
EVKLEESGGGLVQPGRSMKLSCVASGFTFSN-YWMNWVRQS
EVKLVESGGGLVQPGGSLRLSCATSGFTFSD-FYMEWVRQP
EVKLVESGGDLVKPGGSLRLSCVASGFTFSS-NGMSWVRQD
mgwsfif1fllsvtagvhsEVQLQQSGAELVRAGSSVKMSCKASGYTFTS-YGINWVKQR

PGKGLEWIGEINPAS---STINYT PSLhDHFIISPHhﬁKFTLYLQ”( KVRSEDTALYYCA
PGNKLEHMGYISY-S---GSTYYNPSLKSRISITRDTSKNQYYLQLNSVTSEBTATYYCT
PGNKLEWMGYISY-D---GSNNYNPSLENRISITRDTSKNQFFLKLNSVTTEBTATYYCA
PGEGLEWLLSYRK-T---YNTYYASGIQGRITFSTESS--TTFIEIPNLRVEBTAMYYCA
PEKRLEWVATISD-G--gSYTYYPDSVKEGRFTISRONAKNNLYLQMSSLKSERTAMYYCA
PGKRL \ASRN - kvde TEYSASVEGRFIVSRDTSQSILYLQMNALRAEBTAIYYCA
PEKGLEWVAEIRLKSh-nYAIHYAESVEGRFTISRDDSKSSVYLQMNNLRAEDTGIYYCS
PGKRLE \ASRN-KgnkYTTEYS KGRFIVSRDTSQSILYLQMNALRAEDTAIYYCA
PGEGLQWVADISS- ‘---OQTY KGRFSISRONAKNTLYLQMEDLRVEBDTAVYYCA
PGQGLEWIGYINP-G--nGYINYNEKFRGKTTLTVOKSSSTAYMQLRSLTSERSAVYFCA

Arginine (R)

e .
Asparticadd )L found in the surface

Glutamic acid (E)

Lysine (K)

—



Additional conservations - charged residues

Salt bridges between charged residues in the
heavy chain

heavy chain

- YWMSKWW
IYWNIWI

mkvlsllylltaipgilsd-VQLQESGPGLV SLTCSVTGYS YWNWIRQ ARG 3EINH
nivitqpe SAVKKPGESHKLSCTVSGFDVNG- HHMNWVKQ v PIUABOE?
G SLKLSCAASGFTFSD-YYMYWVRQ b, 295
TSGFTLSD- FYMEWV v ”
- ARG3SINE, ‘3
SGFTFSN- YWMNHVRQS > n?'7b,f,

: \TSGFTFSD-FYMEWVRQP b

GDLVKPGGSLRLSCVASGFTFSS - NGMSWVRQD -2.84
mgwsfif1F11svtagvhsEVQLQQSGAELVRAGSSVKMSCKASGYTFTS - YGINWVKQR Ab'“""n.~ £
us 2 A) ’ gk

.87
HIGEINPAS- --STINYTPSLKDKFLISRONAKNTLYLQSKVRSEDTALYYCA LT

HMGYISY-S- - -GSTYYN s 5 ARGOSON W) L4
WMGYISY-D- - -GSNNYNP JuFFLhLNL'TTE[THT11kH :
HLthRh-T---”HT1fﬁH QG STESS- - TTFIEIPNLRVEDTAMYYCA

WVATISD-G- -gS" NAKNNLYLQMSSLKSEDTAMYYCA

WIAASRN- havd’TTEqu‘ (G SRD YLQMNALRAEDTAIYYCA

WVAEIRLkSh-nYATHYAES ) YLQMNNLRAEDTGIYYCS

WIAASR] KYTTEYSASVKG ) LYLQMNALRAEDTAIYYCA

WVAL --- GDT Y 1"}'5.['1“. VKGRFS NT L"1’L['gf"|EI:I'LF?.".;"E[Z'TH W 1’ 1"uu 5mvz




Additional conservations - charged residues

_________________________________ ;
|
. . . |
: Salt bridge between charged residues in the |
. . |
: light chain .
_________________________________ J
:‘\\
RGB1:NHz light chain
KASTLASQ“%SHFKCSG%CTE TLTISDLZCABAATYYCQTY \\\_

ASGVPSRFKGSGSGTQFT
"KGSGSGTEFT
YAASDLASGVPSRFKGSGSGTEYTLTISG
SGSGTDFT
fMLAUoh'

.l,(‘CIKI‘.,".
:\%(n’., GGGSGTBFTL
SGSLIGDKAA

\I ‘G )(l‘-’l I '

5mvz



Additional conservations - polar residues

p|PO1806|HVM36_MOUSE mdfgliffivallkgvqce-VKLLESGGGLVQPGGSLKLSCAASGFDFSR - YWMSWVRAAPEBKGLEWIGEINPAS
sp|PB1823|HVM47 MOUSE EVQLQESGPSLVKPSQTLSLTCSVTGDSITS - DYWNWIRKEPENKLEHMGYISY

sp|P18531|HVM60_MOUSE mkvlsllylltaipgilsd-VQLQESGPGLVKPSQSLSLTCSVTGYSITSGYYWNWIRQEPENKLEWMGYISY -
sp|P83907|IGW3_HETFR nivltqpe SAVKKPGESHKLSC T*.."‘_,-_.fLI*'I‘J- HHMNWVKQWPGE GLEWLLSYRK -
sp|P18528 |HVM57 MOUSE EVQLVES VKPGC )- YYMYWVROIPPEKRLEWVATISD-

sp|P01793 |HVM24 MOUSE EVKLVES ( LF*.L:_':-LHT SGFTLSD-FYMEWVRGIPGKRLEWIAASRN -
sp|PO1803 |[HVM34_MOUSE EVKLEE® ) MKLSCVASGFTFSN - YWMNWVROSIPEKGLEWVAEIRLKSH
p|PO1789 |HVM20 MOUSE EVKLVESGGGLVQPGGSLRLSCATSGFTFSD -FYMEWVROEPEKRLEWIAASRN - K(
sp|PO1785|HVO2_CANLF EVKLVESGGDLVKPGGSLRLSCVASGFTFSS -NGMSWVRGEBRGE GLQWVADISS-S
sp|P01746 |HVMO2_MOUSE mgwsfiflfllsvtagvhsEVQLQQSGAELVRAGSSVKMSCKASGYTFTS-YGINWVKER PEOGLEWIGYINP-G

Gln-X-Pro-Gly

heavy chain

smvz » -
\\ -



Canonical structures

Chothia et al classification:

K 12a2b3456
L1
A 123a3b4
L2 1
K 12345
L3
y\ 1a 1b 1c 2
H1 123
H2 1 2a 2b 2c 3a 3b 3c 4




Canonical structures - Methodology

L ' ' consensus !
@ | alignment | 4mp i
|

sequence

Canonical ! ! \ ' : L]
studies | ™ | PDBIDs | #@ | superimposition |
! |



L1 - k2 L1: 24-34

L1-k2a L1-k2b
/ h -
ASN)H
GLY68:CA ‘\‘ (:;'E ?l /
Xy
’,b, leYRﬁ:O}Tl

1dfb 1lvfa
Position 71: Phe, Thr or Gly Position 71: Tyr
Hbond: Hbond:

Ser 30 (O) --- Gly 68 (N) Tyr 71 (O) --- Asn 31 (N)



1dfb
Hbond:

lle 29 (O) --- Trp 32 (N)

rASqdisnylLa

Hbond:
lle 29 (O) --- Trp 32 (N)

rASQdisnyla

idfb R

lzan CRASEDTIYNALAL

GNIHNY
QDINNY

1 !

1igm Q

1ivl R
1fvc R

RMS =0,62 RMS =0,51



L1 - k2

L1-k2a L1-k2b

o
\

RMS =0,70



L1 - k4

RSSgslvhsnGnTYle

ASN31:0

ltet

Hydrogen bonds:

His 31 (0) --- Gly 31.3 (N)
His 31 (N) --- Asn 31.4 (0O)




Hydrogen bonds:
Ser 24 (0G) --- Thr 26 (N)

Ser 24 (0) - Gly 27 (N)
Thr 30 (0G1)--- Gly 32 (N)
Thr 30 (O) --- Asn 33 (N)
Ser 31 (O) --- His 34 (N)
— a‘; RSM =0,58
' /
4 ) 28

2.77 . .
||||||||||||||||||||||||||||||||| "
/mmo-osl GLY321 ‘ /\ﬁ
\ THR30:02
} Z01 SER31:0
¢ ASN33 HEl -, =

£ 2.0 Lnmm—

— IS34:H /

h vl \ '/ l’( 4



|_2 positions: 50-52

Y-asnlas

KVLIYKVSNRF

Vv KLLIYYTSTLE
ELRIYDASNLE

RMS =0,52
TYR49:0 2 ) \
THR53:H
/ Hydrogen bonds: M
ligv Tyr 49 (N) - Thr 53 (O)

Tyr 49 (O) --- Thr 53 (N)



L3 - k1 L3: 89-96

Hydrogen bond:
Asn 90 (N) -- Thr 97 (O)

I. RMS = 0,70

| A
W “‘\\ THR97:0
/\ -‘““‘1 .98
2imm ASNIO:N



L3 - Al

= Conserved Hbond between a, b and ¢
= Conserved Hbond between b and ¢

alw-snhwv

RMS =0,57

w>0X>

-,
LEU92H" e,
VAL99:0

7fab 1Imfa

Different orientation residues 93 and 94



L3 - Al

/( lind (a)

(c)
1gig (a)
7iab (o)



Hl1-1 H1: 26-33

Hydrogen bonds:

Thr 28 (0) - Asn 31 (N) kaSGftftdyymh

Phe 29 (0) — Tyr 32 (N)

RMS = 0,95




H2 -1 H2: 52-56

Hydrogen bonds: ylwysGsty

Trp 52 (N) - Gly 55 (N)
Trp 52 (0) -~ Asn 56 (O)

/ RMS =0,41
\/‘\/‘

o Elll:
Y EW
F:I E I I:

1.78 _,\
e LLLLLLLLL)
RESIN  ASNSE:0

lvfa



Hydrogen bonds: -1 ypgng- t -

Asn 52 (N) --- Vval 56 (0)
Asn 52 (0) --- Gly 55 (N)

(A
E
El
E
E
E
E

2.20

W

-nuuuuun VALSGO

ASNS52:N

1tet



H2 - 3¢

Hydrogen bonds:
Ser 52 (N) --- Ser 56 (O)

>;/ ,

SERS6:0

1seq

- Issgggnty

RMS =0,51



Canonical structures - Conclusions

e Even though the sequence is different, the structure is
conserved

* In the spatial conformation of each loop may be also
involved residues from the B-strands

e (Canonical structures may not be involved in determining
specificity but affinity



Ag-Ab interaction: ospA/LA-2

Heavy chain

1j1



OspA

1fj1

Loop 3
249-253

Borrelia burgdorferi

Borrelia afzelii

Borrelia garinii

—»  CONSERVED EPITOPE

Why are the three species
not recognised by LA-27?

—— o e o e e e e o e e e



Important residues from OspA

.burgdorf KEGTVTLSKNISKSGEVSVELNDTDISSAATKKTAAWNSGTSTLTITVNSKKITKDLVFTKE
. afzelil TKKTGAWDSKTSTLTI|S TQLVFTKQ
.gariniti ATKKTGHWDSKTSTLTI|S\ KNLVFTKE

Wk ok ok k * * khkkhkAkk hhkwk kK LRk b o

Loop 1 Loop 2

}.burgdorf
j.afzelii

3.gariniti DTITVQKYDSAGTNLEGKAVEIKTLDELKNALK
hkdkk kkk Fk kkdk ko khk  hokkisk

Loop 3

Any mutation in these three residues from
OspA abolish binding to LA-2 antibody



A208 from OspA (loop 1)

Light chain

OspA

A208 adopts a specific
conformation that
allows to be bound by

A208

B.burgdorf KEGTVTLSKNISKSGEVSVELNDTDSSAATKKTAAWNS
B.afzelil KEGTVTLSKEIAKSGEVTVALNDTNTTOQATKKTGAWDS

B.garinii TEGTVVLSKNILKSGEITVALDDSDTTOATKKTGKWDS

EkkxkHEx FHHEx * Hhh* *® * K * % W *




N228 from OspA (loop 2)

Hydrogen bonds:

H3 ’ASP 101.

OspA LA-2

035A Asn 228 (ND2) --- Asp 101 (OD1)
Asn 228 (0OD1) --- Leu 100 (N)

Asn 228 (ND2) --- Tyr 32 (OH)

™ | )

1fj1



OspA-loop3

1fj1

N251 from OspA (loop 3)

-
.

rF

B.

Hydrogen bonds:

OspA LA-2
Asn 251 (ND2) -- Thr 30 (O)
Asn 251 (OD1) -- Thr 53 (N)

burgdorf NTITVQQYDSNGTKLEGSAVEITKLDEIKNALK

B.afzelil

B.garinii

AT WHEAANANW



Other interactions between Ag-Ab

D249 S250

B.burgdorf NTITVQQYDSNGTKLEGSAVEITKLD
B.afzelii DTITVQKYDSAGTNLEGTAVEIKTLD

B.garinii DTITVQK AGTNLEGKAVEIKTLD
kkdkkhk dhkdk kk khk hhkkk * %

Loop 3

H2

o
OspA . _/tﬁhux H1

SP 31.D

-
. 230.E
’ )’t| loop 2
Ioop3 |

—& “'

250 OspA

s 1fj1 1j1
Hydrogen bonds: )
OsbA LA-2 Salt bridge:
P OspA LA-2
Asp 249 (0OD2) -- Asn 52 (ND2) lLys 230 (NZ) - Asp 31 (O)

Ser 250 (N) --- Glu 54 (OE1)



Important residues from LA-2

Light chain




Ag-Ab: Conclusions

 A208, N228 and N251 from OspA are key for binding to LA-2

being the reason why LA-2 only recognises OspA from
B.burgdorferi

 H49 from the light chain is essential for the function of the
antibody



General conclusions

* The sequence conservation between variable and constant
domains is important for the conservation of the structure,
but not necessarily for the function

 Even though the CDRs are hypervariable regions there are
some structures that are more frequently found than others

* There are key residues for the antigen-antibody interaction
but they are different depending on the antigen the antibody
has to recognise
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Multiple choice questions

1. Which of the CDR is the most hypervariable and does NOT follow the canonical structures?:
a) L1

b) L3

¢) aand b are correct

d) H3

e) a, b and d are correct.

2. Whatisa CDR?
a) One of the sheets of a beta barrel in the immunoglobulins
b) all the loops between the beta strands of the immunoglobulin
c) hypervariable region that plays an important role in the antigen recognition
d) A domain of the immunoglobulin
e) a type of immunoglobulin

3. Immunoglobulins in SCOP classification are considered
a) All alpha
b) All beta
c) alpha/beta
d) alpha-beta
e) this group of proteins is not present in the SCOP classification



Multiple choice questions

4. The immunoglobulin structure has:

a) Two variable domains, one from the heavy chain (VH) and another from the light chain (VL)
b) A hinge region that connects CH1 with CH2 and the two heavy chains

c) aand b are correct

d) Only one constant domain in the heavy chain (CH)

e) a, b and d are correct

5. The intra-domain disulfide bridge:

a) Is essential for the immunoglobulins folding.

b) Is located between sheet B and F in all domains.

c) a and b are correct.

d) is essential for the functionality of the immunoglobulins.
e) all options are correct.

6. Choose the true sentence about canonical structures:
a) imply a 100% sequence conservation

b) there are only 2 different canonical structures

c) they are different for the heavy and the light chain

d) H3 has canonical structures

e) any of the above is correct



Multiple choice questions

7. The Ig like domain:

a) is only found in proteins of the immune system

b) is found in all proteins in the immunoglobulin superfamily
c) do not require the disulfide bridge

d) has a B - barrel conformation

e) all options are false

8. A canonical structure is:
a) Astructure that the b-sheets adopt
b) A structure that all CDR adopt
c) Astructure that some CDRs adopt more frequently
d) AandBare true
e) A, B andCare true

9. Choose the correct sentence:
a) LA-2 antibody is able to recognize the OspA antigen only from Borrelia burgdorferi
b) Between OspA and the LA-2 antibody there are hydrogen bonds only between the heavy chain and the
antigen.
c) There are conserved key residues between all the antigen antibody interactions
d) A,BandCare true
e) A, BandCare false



Multiple choice questions

10. In immunoglobulins:
a) the disulfide bond is made between cysteines that are not conserved.
b) the triad is made between 2 cysteines and one alanine
c¢) Hydrophobic residues are in the surface
d) Polar residues are located in the surface
e) All of them are false






