9 Lesson (Paralogs)
Use uniprot.org to align the insulin protein sequences: P01325, P01326,
P01322, P01323.

(a) Which pairs of sequences are orthologs and which are paralogs? Explain.

(b) Look at just the peptide segment of each sequence. (Check the box peptide
in the left column.) Did the insulin gene duplicate before or after mouse and
rat become separate species? Justify your answer.

66 Example (Google Scholar)
Use Google Scholar to search for important papers on insulin. Which papers have
the most citations? Which are the most recent papers.

67 Example (PubMed)
— PubMed is probably the most popular website for searching for research in
the life sciences.
— One third of users are people from the general public.
— NIH funded research has an open access mandate.

— You can create an account at NCBI to store your search results.

68 Example (PubMed)
Use PubMed to search for important papers on insulin. Which papers are review

papers? Which papers have free PDF’s available for download.

69 Example (Medline)
Use MeSH terms to search for articles on insulin. (MeSH terms are manually

curated technical terms.)

70 Example (JabRef)
Use JabRef to create a database of papers on insulin.

Multiple sequence alignments can provide a lot of information about proteins. Con-
sider the multiple sequence alignment of 76 insulin sequences shown below. Ob-
serve that there are two segments that are well conserved.
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sp|P41522| INS_ANGAN
sp|Q98TA8| INS_PANBU
sp|P04667 | INS_ONCKE
sp|P68989 | INS_ONCGO
sp|P68990 | INS_ONCKI
sp|P01335 | INS_CYPCA
sp|073727 | INS_DANRE
sp|P81881| INS_PIAME
sp|P69045 | INS_LOPAM
sp|P69046 | INS_LOPPI
sp|P81025 | INS_ORENI
sp|P01339 | INS_THUTH
sp|P09477 | INS_PLAFE
sp|Q9W7R2 | INS_VERMO
sp|P01336 | INS_GADMC
sp|P07453 | INS_MYOSC
sp|P29335 | INS_AMICA
sp|P09476 | INS_ATRSP
sp|P21563 | INS_RODSP
sp|Q91XI3| INS_SPETR
sp|P01324 | INS_ACOCA
sp|P01313| INS_CRILO
sp|P67972| INS_AOTTR
sp|P67971| INS_SAISC
sp|P30407 | INS_CHLAE
sp|P30406 | INS_MACFA
sp|QBYK33 | INS_GORGO
sp|P01308 | INS_HUMAN
sp|Q8HXV2| INS_PONPY
sp|P30410 | INS_PANTR
sp|P01317 | INS_BOVIN
sp|P01318 | INS_SHEEP
sp|P01319 | INS_CAPHI
sp|P01320 | INS_CAMDR
sp|P06306 | INS_FELCA
sp|P01314 | INS_BALBO
sp|P67973| INS_BALPH
sp|P01315 | INS_PIG

sp|P01321 | INS_CANFA
sp|P67974| INS_PHYCD
sp|P18109 | INS_DIDVI
sp|P01311| INS_RABIT
sp|P01316 | INS_ELEMA
sp|Q62587 | INS_PSAOB
sp|P01329 | INS_CAVPO
sp|P17715| INS_OCTDE
sp|P01330 | INS_MYOCO
sp|P01331 | INS_PROGU
sp|P01327 | INS_CHICH
sp|P01328 | INS_HYSCR
sp|P01310 | INS_HORSE
sp|Q9TQY7 | INS_ORNAN
sp|P68991 | INS_CHIMO
sp|P68992 | INS_HYDCO
sp|P13190 | INS_CALMI
sp|P12704 | INS_SQUAC
sp|P12705 | INS_TORMA
sp|P01334 | INS_CROAT
sp|P12708 | INS_PTYDH
sp|P12703 | INS_ALLMI
sp|P67970 | INS_CHICK
sp|P67968 | INS_MELGA
sp|P51463 | INS_SELRF
sp|P67969 | INS_STRCA
sp|P69047 | INS_TRADO
sp|P69048 | INS_TRASC
sp|P01333 | INS_ANAPL
sp|P68245 | INS_ANSAN
sp|P68243 | INS_CAIMO
sp|P81423| INS_ACIGU
sp|P0C236 | INS_POLSE
sp|P01340 | INS_KATPE
sp|P68988 | INS_LAMFL
sp|P68987 | INS_PETMA
sp|P42633 | INS_ANGRO
sp|P01342| INS_MYXGL

—--MALWLQAFTLLVLLVLSSPGAQ-SASSQHLCGSHLVDALY-MVCGEKGFFYQPKTKRD
—---MAFWLQAASLLVLLALSPGVD-AAAAQHLCGSHLVDALY-LVCGEKGFFYTPK--RD
AL
AL
--MAVWIQAGALLFLLAVSSVNAN-AGAPQHLCGSHLVDALY-LVCGPTGFFYNPKR--D
--MAVWLQAGALLVLLVVSSVSTN-PGTPQHLCGSHLVDALY-LVCGPTGFFYNPKR--D
N-AGAPQHLCGSHLVDALY-LVCGPSGFFYNPK----
-MAALWLQSFSLLVLLVVSWPGSQAVAPAQHLCGSHLVDALY-LVCGDRGFFYNPKR--D
- ~VAPAQHLCGSHLVDALY-LVCGDRGFFYNPK
-MAALWLQAFSLLVLMMVSWPGSQAVGGPQHLCGSHLVDALY-LVCGDRGFFYNPRR--D
————————————————————————— VAPPQHLCGSHLVDALY-LVCGDRGFFYNPK----
————————————————————————— VVPPQHLCGAHLVDALY-LVCGERGFFYTPK----
~MAALWLQSVSLLVLMLVSWSGSQAVLPPQHLCGAHLVDALY-LVCGERGFFYTPKR--D
MAPPQHLCGSHLVDALY-LVCGDRGFFYNPK
ADPQHLCGSHLVDALY-LVCGDRGFFYNPK:
-------------------------- AASQHLCGSHLVEALF-LVCGESGFFYNPNK--~
—————————————————————————— AANQHLCGSHLVEALY-LVCGEKGFFYNPNK--~
--MALWI-LLPLLALLILWGPDPAQAFVNQHLCGSHLVEALYILVCGERGFFYTPMSRRE
--MALWTRLLPLLALLALLGPDPAQAFVNQHLCGSHLVEALY-LVCGERGFFYTPKSRRE
FVBQHLCGSHLVEALY-LVCGERGFFYTPKS--~
--MTLWMRLLPLLTLLVLWEPNPAQAFVNQHLCGSHLVEALY-LVCGERGFFYTPKSRRG
--MALWMHLLPLLALLALWGPEPAPAFVNQHLCGPHLVEALY-LVCGERGFFYAPKTRRE
FVNQHLCGPHLVEALY-LVCGERGFFYAPKT---
--MALWMRLLPLLALLALWGPDPVPAFVNQHLCGSHLVEALY-LVCGERGFFYTPKTRRE
--MALWMRLLPLLALLALWGPDPAPAFVNQHLCGSHLVEALY-LVCGERGFFYTPKTRRE
--MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALY-LVCGERGFFYTPKTRRE
--MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALY-LVCGERGFFYTPKTRRE
--MALWMRLLPLLALLALWGPDPAQAFVNQHLCGSHLVEALY-LVCGERGFFYTPKTRRE
--MALWMRLLPLLVLLALWGPDPASAFVNQHLCGSHLVEALY-LVCGERGFFYTPKTRRE
--MALWTRLRPLLALLALWPPPPARAFVNQHLCGSHLVEALY-LVCGERGFFYTPKARRE
--MALWTRLVPLLALLALWAPAPAHAFVNQHLCGSHLVEALY-LVCGERGFFYTPKARRE
—————————————————————————— FVNQHLCGSHLVEALY-LVCGERGFFYTPKA--~
—————————————————————————— FANQHLCGSHLVEALY-LVCGERGFFYTPKA---
--MAPWTRLLPLLALLSLWIPAPTRAFVNQHLCGSHLVEALY-LVCGERGFFYTPKARRE
~FUNQHLCGSHLVEALY-LVCGERGFFYTPKA-
~FUNQHLCGSHLVEALY-LVCGERGFFYTPKA---
--MALWTRLLPLLALLALWAPAPAQAFVNQHLCGSHLVEALY-LVCGERGFFYTPKARRE
--MALWMRLLPLLALLALWAPAPTRAFVNQHLCGSHLVEALY-LVCGERGFFYTPKARRE
- ~FUNQHLCGSHLVEALY-LVCGERGFFYTPKA--~
-LVNQHLCGSHLVEALY-LVCGERGFFYTPKA--~
--MASLAALLPLLALLVLCRLDPAQAFVNQHLCGSHLVEALY-LVCGERGFFYTPKSRRE

—-MALWMRLLPLLAFLILWEPSPAHAFVNQHLCGSHLVEALY-LVCGERGFFYTPKFRRG
—~-MALWMHLLTVLALLALWGPNTGQAFVSRHLCGSNLVETLY-SVCQDDGFFYIPKDRRE
—--MAPWMHLLTVLALLALWGPNSVQAYSSQHLCGSNLVEALY-MTCGRSG-FYRPHDRRE
-YVSQRLCGSQLVDTLY-SVCRHRG-FYRPND---
-YVGQRLCGSQLVDTLY-SVCKHRG-FYRPSE---
~FVNKHLCGSHLVDALY-LVCGDRGFFYTPMAXXE
-FVNQHLCGSHLVEALY-LVCGNDGFFYRPKA--—
-FVNQHLCGSHLVEALY-LVCGERGFFYTPKAXXE
************************** FPNQHLCGSHLVEALY-LVCGEKGFYYIPRM---
PTQRLCGSHLVDALY-FVCGERGFFYSPKPIR-
PTQRLCGSHLVDALY-FVCGERGFFYSPKPIR-
PTQRLCGSHLVDALY-FVCGERGFFYSPKQIRD
—————————————————————————— LPSQHLCGSHLVEALY-FVCGPKGFYYLPKBZ--
—————————————————————————— LPSQHLCGSHLVEALY-FVCGPKGFYYLPKAXXF

APNQRLCGSHLVEALF-LICGERGFYYSPR----

APNQRLCGSHLVEALF-LICGERGFYYSPR----
-------------------------- AANQRLCGSHLVDALY-LVCGERGFFYSPKG---
MALWIRSLPLLALLVFSGPGTSYAAANQHLCGSHLVEALY-LVCGERGFFYSPKARRD
—~AANQHLCGSHLVEALY-LVCGERGFFYSPKA---
IQSLPLLALLALSGPGTSHAAVNQHLCGSHLVEALY-LVCGERGFFYSPKARRD

ASTQHLCGSHLVEALY-LVCGSNGFFFNPKD---
MALSPFLAAVIPLVLLLSRAPPSADTRTTGHLCGKDLVNALY-IACGVRGFFYDPTKMKR



71

sp|P41522 | INS_ANGAN
sp|Q98TA8| INS_PANBU
sp|P04667 | INS_ONCKE
sp|P68989 | INS_ONCGO
sp|P68990 | INS_ONCKI
sp|P01335 | INS_CYPCA
sp|073727 | INS_DANRE
sp|P81881| INS_PIAME
sp|P69045 | INS_LOPAM
sp|P69046 | INS_LOPPI
sp|P81025 | INS_ORENT
sp|P01339 | INS_THUTH
sp|P09477 | INS_PLAFE
sp|Q9W7R2 | INS_VERMO
sp|P01336 | INS_GADMC
sp|P07453 | INS_MYOSC
sp|P29335 | INS_AMICA
sp|P09476 | INS_ATRSP
sp|P21563 | INS_RODSP
sp|Q91XI3| INS_SPETR
sp|P01324 | INS_ACOCA
sp|P01313| INS_CRILO
sp|P67972| INS_AOTTR
sp|P67971| INS_SAISC
sp|P30407 | INS_CHLAE
sp|P30406 | INS_MACFA
sp|QBYK33 | INS_GORGO
sp|P01308 | INS_HUMAN
sp|Q8HXV2| INS_PONPY
sp|P30410 | INS_PANTR
sp|P01317 | INS_BOVIN
sp|P01318 | INS_SHEEP
sp|P01319 | INS_CAPHI
sp|P01320 | INS_CAMDR
sp|P06306 | INS_FELCA
sp|P01314| INS_BALBO
sp|P67973| INS_BALPH
sp|P01315 | INS_PIG

sp|P01321 | INS_CANFA
sp|P67974 | INS_PHYCD
sp|P18109 | INS_DIDVI
sp|P01311| INS_RABIT
sp|P01316 | INS_ELEMA
sp|Q62587 | INS_PSAOB
sp|P01329 | INS_CAVPO
sp|P17715| INS_OCTDE
sp|P01330 | INS_MYOCO
sp|P01331 | INS_PROGU
sp|P01327 | INS_CHICH
sp|P01328 | INS_HYSCR
sp|P01310 | INS_HORSE
sp|Q9TQY7 | INS_ORNAN
sp|P68991 | INS_CHIMO
sp|P68992 | INS_HYDCO
sp|P13190 | INS_CALMI
sp|P12704 | INS_SQUAC
sp|P12705 | INS_TORMA
sp|P01334 | INS_CROAT
sp|P12708 | INS_PTYDH
sp|P12703 | INS_ALLMI
sp|P67970 | INS_CHICK
sp|P67968 | INS_MELGA
sp|P51463 | INS_SELRF
sp|P67969 | INS_STRCA
sp|P69047 | INS_TRADO
sp|P69048 | INS_TRASC
sp|P01333 | INS_ANAPL
sp|P68245 | INS_ANSAN
sp|P68243 | INS_CAIMO
sp|P81423| INS_ACIGU
sp|P0C236 | INS_POLSE
sp|P01340 | INS_KATPE
sp|P68988 | INS_LAMFL
sp|P68987 | INS_PETMA
sp|P42633 | INS_ANGRO
sp|P01342| INS_MYXGL

* * *x

VEPLLG-FLSPKSGQ-- —~ENEVDDFPYKGQGELXX--GIVEQCCHKPCNIFDLQNYC
ENEADEYPYKDQGDLKVKRGIVEQCCHHPCNIFDLQNYC
EN--EEYPFKDQTEMMVKRGIVEQCCHKPCNIFDLQNYC
~VCGEKGFFYNPK------~ GIVEQCCHKPCNIFDLQNYC
~VCGEKGFFYNPK------~ GIVEQCCHKPCNIFDLQNYC
ETEVADFAFKDHAEVIRKRGIVEQCCHKPCSIFELQNYC
~ETEVADFAFKDHAELIRKRGIVEQCCHKPCSIFELQNYC

VEPLLG-FLPPKSAQ--

GIVEQCCHKPCSIFDLQNYC

VDQLLG-FLPPKSGGAAAAGADNEVAEFAFKDQMEMMVKRGIVEQCCHRPCNIFDLQNYC

GIVEQCCHRPCNIFDLQNYC

VDPLLG-FLPPKAGGAVVQGGENEVT---FKDQMEMMVKRGIVEECCHKPCTIFDLQNYC

GIVEQCCHKPCNIFDLQNYC

TVEQCCHKPCNIFDLQNYC

VDPLLG-FLPAKSGGAAA-GGENEVAEFAFKDQMEMMVKRGIVEQCCHKPCNIFDLQNYC

TVDQCCHRPCDIFDLQNYC

IVEQCCHRPCNIRVLENYC

IVEQCCLKPCTIYEMEKYC

'VGIVEQCCHKPCTIYELENYC

VEDPQVGQVELGAGPGAGS---—-----] EQTLALEVARQAR-IVQQCTSGICSLYQ-ENYC

VEEQQGGQVEL( PQPLALEMALQKRGIVEQCCTSICSLYQLENYC

GIVDQCCTSICSLYQLENYC

VEDPQVAQLELGGGPGADD- -LQTLALEVAQQKRGIVDQCCTSICSLYQLENYC

AEDLQVGQVELGGGSITGS- -LPPL--EGPMQKRGVVDQCCTSICSLYQLQNYC

'VDQCCTSICSLYQLQNYC

AEDPQVGQVELGGGPGAGS—--------] LQPLALEGSLQKRGIVEQCCTSICSLYQLENYC
AEDPQVGQVELGGGPGAGS-
AEDLQVGQVELGGGPGAGS—
AEDLQVGQVELGGGPGAGS—
AEDLQVGQVELGGGPGAGS—
AEDLQVGQVELGGGPGAGS—

VEGPQVGALELAGGPGAGG— --EGPPQKRGIVEQCCASVCSLYQLENYC

VEGPQVGALELAGGPGAGG— —--EGPPQKRGIVEQCCAGVCSLYQLENYC

GIVEQCCAGVCSLYQLENYC

IVEQCCASVCSLYQLENYC

AEDLQGKDAELGEAPGAGG---~-----] LQPSALEAPLQKRGIVEQCCASVCSLYQLEHYC

TVEQCCASTCSLYQLENYC

IVEQCCTSICSLYQLENYC

AENPQAGAVELGG--GLGG-—------] LQALALEGPPQKRGIVEQCCTSICSLYQLENYC

VEDLQVRDVELAGAPGEGG--------] LQPLALEGALQKRGIVEQCCTSICSLYQLENYC

GIVEQCCTSICSLYQLENYC

GIVEQCCNSICSLYQLETYC

VEELQVGQAELGGGPGAGG---~--=--] LQPSALELALQKRGIVEQCCTSICSLYQLENYC

KTGIVEQCCTGVCSLYQLENYC

VDDPQMPQLELGGSPGAGD- -~LRALALEVARQKRGIVEQCCTGICSLYQLENYC

LEDPQVEQTELGMGLGAGG- -LQPLALEMALQKRGIVDQCCTGTCTRHQLQSYC

LEDLQVEQAEL--GLEAGG- -LQPSALEMILQKRGIVDQCCNNICTFNQLQNYC
TVDQCCTNICSRNQLMSYC
IVDQCCTNICSRNQLLTYC
-LQPLALEMTLQXXGIVDQCCTSICTLYQLENYC
GIVDQCCTGVCSLYQLQNYC
AEDPQVGEVELGGGPGLGG-—~------] LQPLALAGPQQXXGIVEQCCTGICSLYQLENYC
GIVEECCKGVCSMYQLENYC
ELEPLL. GIVEQCCHNTCSLANLEGYC

ELEPLL. GIVEQCCHNTCSLANLEGYC
VGPLSAFRDLEPPLDTEMED-----] RFPYRQQLAGSKMKRGIVEQCCHNTCSLVNLEGYC
VGIVEHCCHNTCSLYDLEGYC

VDSLAGYSKHQNGG-—---=--=======—==——=———— ISGIVEHCCHNTCSLFDLEGYC
IVEQCCENTCSLYQLENYC
TGIVEQCCENTCSLYELENYC
IVEQCCHNTCSLYQLENYC
VEQPLVSSPLRGEAGV----==----—-] LPFQQEEYEKVKRGIVEQCCHNTCSLYQLENYC
GIVEQCCHNTCSLYQLENYC
AEHPLVNGPLHGEVGD----==--==-] LPFQQEEFEKVKRGIVEQCCHNTCSLYQLENYC
GIVEQCCHNTCSLYQLENYC
GIVEQCCHNTCSLYQLENYC
IVEQCCHNTCSLYQLENYC
VEQPLVNGPLHGEVGE-—----—---——--] LPFQHEEYQXXGIVEQCCENPCSLYQLENYC
IVEQCCENPCSLYQLENYC
IVEQCCENPCSLYQLENYC
'VGIVEQCCHSPCSLYDLENYC
MGIVEQCCDTPCSLYDPENYC
THZZCCHKPCBIFZLZBYC
TGIVEQCCHRKCSIYDMENYC
TGIVEQCCHRKCSIYDMENYC
GIVEQCCHKPCSIFDLQNYC
DTGALAAFLPLAYAEDNESQ-----] DDESIGINEVLKSKRGIVEQCCHKRCSIYDLENYC

LEDPQVGQADPGVVPEAGR-

Example (Sequence Logos)

Sequence Logos provide a summary of a multiple sequence alignments. The
heights of each letter represents how frequently the letter occurs in the correspond-
ing alignment column. The stacked heights of the letters represents the information

95 96 100 109

W |
VRSN

signal peptide chain B C peptide chain A

Figure 1: Sequence Logo of 11 aligned insulin sequences.

content of the corresponding column. Well conserved columns of letters have high
information content. The color of the letters represents properties of the corre-
sponding amino acids.

Once insulin has been translated from DNA into a protein sequence, it must be
processed further before it can function as insulin. The unprocessed form of insulin
is called pre-proinsulin.*

Insulin (Pre-proinsulin) Schematic Diagram

C-peptide

C-peptide (31 residues)

Chain B
(30 residues)

Chain A (21 residues)

Figure 2: The post translational modification of pre-proinsulin.

First, the signal peptide tells the cell where insulin is to be transported. Then the
signal peptide is removed. At this point the insulin is called proinsulin. The protein

1Mark Brandt, Chemistry and Biochemistry Dept., Rose-Hulman Insitute of Technol-
ogy
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then folds with the help of the central C-peptide section. Three disulfied bonds 79 Example (Human vs Fruitfly Insulin Structure)
form, two of which hold chain A and chain B together. The third disulfied bond is

within chain A. Finally the C-peptide is cut and removed. The final insulin product

is only 51 amino acids long.

Example (pFAM)

Proteins can be organized into sequence families. pFAM is a database of over
14,800 sequence families. Multiple sequence alignment of a family can be used to
identify protein domains, i.e. important segments of a sequence.

Example (pFAM)
Go to www.pfam.org and search for P01308.
(a) Examine the domain structure of human insulin.
(b) Click on the insulin domain. Examine HMM Logo. What does the logo tell
us about post-translational modifications of insulin.

Lesson (Phylogenetic Analysis) Even though the human and fruitfly insulin sequences are very different, their pro-

Use uniprot.org to construct a phylogenetic tree for a group of several insulin tein structures are very similar. Shown above is an alignment of the structure

sequences. of human insulin (blue—PDB code 1MSO) with fruitfly insulin (yellow—PDB code
2WFU).

Go to uniprot.org

type gene:INS 76 Example (Human vs Fruitfly Insulin Function)

select five interesting insulin sequences by clicking on the check Hasen though the human and fruitfly insulin sequences are very different, their pro-

align the sequences tein functions have been shown experimentally to be very similar. For example,

select Tree under display fruitfly insulin has been demonstrated to reduce glucose in rats.

Discuss your results. The main point is that proteins with very different sequences can still have very

similar structure and function.

Example (Human vs Fruitfly Insulin Sequence)
Use www.uniprot.org to align Drosophila melanogaster insulin-like peptide 5
(DILP5) with human insulin. How similar are the sequences? Ans. 27.8% identity.
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