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A proteomics approach to the study of protein expression and post-translational modification does not
require presumptions of the identity of target proteins. A proteomic investigation begins with the discovery of
unidentified proteins of interest under well-defined physiological conditions. The approach involves 1) protein
display by two-dimensional gel electrophoresis or other separation technique, 2) determination of protein
entities, 3) peptide mass fingerprinting, and 4) genome/proteome database search. We show that the methodol-
ogy of the proteomics approach is characterized neither by deduction nor by induction in the traditional sense,
but is a clear example of what C.S. Peirce described as abductive inference almost a century ago. The
investigation of complex signaling pathways is intractable to deductive and inductive methods due lo ils extreme
complexity. We show two cases of the proteomics approach as applied to the visual systems of the fruit fly
Drosophila melanogaster, and rodents. These examples illustrate the role of abductive inference in proteomics, a

discipline at the forefront of current studies in molecular biology.
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Every protein has its characteristic “Peptide Mass Fingerprint.”

MVRKWALLLPMLLCGLTGPAHLFQPSLVLEMAQVLLDNYCFPENLMGMQGAIEQATKSQEILS ISDPQTLAHVLTAGVQSSLNDPRLVISYEPSTLEAPPRAPAVINLTLE
EIIAGLQDGLRHEILEGNVGYLRVDDIPGQEVMSKLRSFLVANVWRKLVNTSALVLDLRHCTGGHVSGIPYVISYLHPGSTVSHVDTVYDRPSNTTTEIWTLPEALGEKYS
ADKDVVVLTSSRTGGVAEDIAYILKQMRRAIVVGERTVGGALNLOKLRVGQSDFFLTVPVSRSLGPLGEGSQTWEGSGVLPCVGTPAEQALEKALAVLMLRRALPGVIQRL
QEALREYYTLVDRVPALLSHLAAMDLSSVVSEDDLVTKLNAGLQAVSEDPRLOVQVVRPKEASSGPEEEAEEPPEAVPEVPEDEAVRRALVDSVFQVSVLPGNVGYLRFDS
FADASVLEVLGPYILHQVWEPLODTEHLIMDLRONPGGPSSAVPLLLSYFQSPDASPVRLFSTYDRRTNI TREHFSQTELLGRPYGTQRGVYLLTSHRTATAAEELAFLMQ
SLGWATLVGEITAGSLLHTHTVSLLETPEGGLALTVPVLTFIDNHGECWLGGGVVPDAIVLAEEALDRAQEVLEFHRSLGELVEGTGRLLEAHYARPEVVGQMGALLRAKL
AQGAYRTAVDLESLASQLTADLQEMSGDHRLLVFHSPGEMVAEEAPPPPPVVPSPEELSYLIEALFKTEVLPGQLGYLRFDAMAELETVKAVGPQLVQLVWQKLVDTAALV
VDLRYNPGSYSTAVPLLCSYFFEAEPRRHLYSVFDRATSRVTEVWTLPHVTGORYGSHKDLYVLVSHTSGSAAEAFAHTMODLQRATI IGEPTAGGALSVGIYQVGSSALY
ASMPTQMAMSASTGEAWDLAGVEPDITVPMSVALSTARDIVILRAKVPTVLQTAGKLVADNYASPELGVKMAAELSGLQSRYARVTSEAALAELLOADLQVLSGDPHLKTA
HIPEDAKDRIPGIVPMQIPSPEVFEDLIKFSFHTNVLEGNVGYLRFDMFGDCELLTQVSELLVEHVWKKIVHTDALIVDMRFNIGGPTSSISALCSYFFDEGPPILLDKIY
NRPNNSVSELWTLSQLEGERYGSKKSMVILTSTLTAGAAEEFTY IMKRLGRALVIGEVTSGGCQPPQTYHVDDTDLYLTIPTARSVGAADGSSWEGVGVVPDVAVPAEAAL
TRAQEMLQHTPLRARRSPRLHGRRKGHHRQSQGRAGSLGRNQGVVRPEVLTEAPSGQKRGLLQCG

Tryptic digestion &
mass spectrometry

b

Can we determine the identity of a protein
based on “Peptide Mass Fingerprint’?

“Peptide Mass Fingerprint”
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Fig. 1. All proteins can be represented by their specific peptide mass fingerprints.
retinoid-binding protein (IRBP) is illustrated as an example.
both arginine (R) and lysine (K).
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A case of bovine interphotoreceptor
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00, o000, JO0D0DoD0UoUo—oDoooo
gooooooo. ddddddoooo—oooooo
ooooooooon.

() oo XOooooo, oo Yoooo, o
0000 YO (vi,ve,vs, - ) 00000 0OO0OOO
Ogooo-oooooooao.

(2) DODDODD ADOOOO, (V1,¥2, ¥s, -
gooooob-—-oooooooa.

(3) DOO0ODO AO, DODO XOO-—-ODooOooo.

000 (deduction) 00000000000 OOOOO
ooo.

Rule: 000 XOOOOO, OOODOOYOOOOd,
00000 YO (b,vs,vs, --) 00000000
gooooob-—-oooooooa.

Case: JO0ODOO AO, O0ODO XOO-—-OODOOODO.
Result: 00000 ADDOOOO, (vi,ys ys, ---) 00
goooooobo—-—oooooooa.

goooooooooooooo.

000000, 000 (induction)0 00000000
ooo.

Case: JO0ODOO AO, O0ODO XOO-—-OODOOOD.
Result: 00O 0O0O AODOOOO, (y1,v2 s ) 00O
gooooobobo—-—oooooooa.

Rule: 000 XOOOOO, O0OOOO AOOOO,
00000 AO (b,vs,vs, --) 00000000
gooooob-—-oooooooa.

good-—-oddododooooo, ooooooooo
00o0oodooooooooooooooogd.

000O000go0oog (abductionDOdoooooonO ?

Rule 000 XOOOOO, OOOOOYOOOOd,
00000 YO (b,vs,vs, --) 00000000
gooooob-—-oooooooa.

Joooo

—118—



Proteomics as a Tool for Studying Complex Systems and the Abductive Inference of C. S. Peirce

Result: 00000 AODODO, (v, ys s ) 00

gdooooboo-—-oooooooo.

Case: JO0OOO AD, ODODO XOO—OOOOOO.
goobobooboo0o—ooooooooooooooon
Ooo00. 0000, ‘00000 A0, 000 XOO-0
O0ooOog”oooooo, 00 (hypothesis)yDOO0O.
oooo, doddddodooooooooooooo
oooo.

4. DO0O0O00ODOOoOooOoDO-—-00bDbOO0oOon
goooooooooboboogoon

ooo0o0oooooo, 0200000000 ‘OO
goooooo-o000oo, ooooooooa, oo
O00000” 00oooo0oooooooo. oo, ooo
oo -—-goodooouooouooooo
00o0o0ooooooog? 000, 00oDOoOoooo
goooooboooobooooo. booooa, oda
goodooooooooooouoooouooo, oo
O, 000000000 MS/MSOOOOOOOOOoOO
goodoobbodooobbooo. booobbooo
horizontal approach OO0 0000000, O0O0O0OO0O
gddoooooooooooooo. ooooo, ooo
gdooooboooooo, bboobooboooooo
gddoboddooddoooooouooouoooog
oooo, TyrOO0O HisOOOO-—-O0OOOOOOO0O
ddoobodbooooboooboobooboooooo
0, orthogonalapproach 00000000000, O
oodOd, ooooooooooooo, oooooooo
ddobodboooobooooboobooboo-—-ooa
goooodoo, oudgd, odooouooouoooogd
OO0, 0odooooooooooooooooooon
0. 0obd, booobooobooboooooooa
gododooooooooooouoooouooo. oo
O, DO0o0oOoooooooooo-—mMmMs/MS)oooo
ddobodbooooboooboobooboooooo
pgooooooooo. oo, tooo, oooooog
gddoooooooooooooooono, oooooo
ogooo, obooobodg, oooboobooooo
pgddoboddooodoodooouooo—-uoooo
go0doo0oooooooooooooooooooon
ogooo. oboooboooboobooboooooo
gddobodoooodouooooboooooooan.

oogoooo, oooo, oooooooooo-0o0o
godooooboooo, oobboooboobobooooo
pgdooodoooodg, oouooouooo, oooo
gddoooooooooooooog, ooooooo
goooooboooobooo. ooo, obooooa
gdooodo, oodoodoooooooooooo
gooooooo, oooooooooooooa. oo
opooooo, 0—-0o0b 10000000000 oono
pgddoboodooooouooooooouooao.

5. 00000000000 (Drosophila melanogaster)
00o0bO0ooooobooooooooo

00, DODooOoo-—-00oo 20000000000
00000000000o0ooooUOono (oooooo
0O0) 00000000o0o0ooooooooooooon
joddooooooo-—-b00O000040, oooooo
goobo—-o0obobobobobob. oobobobo
u, gobobo-0bobo. ooooo-bo0bobo
go0ooooOobobOo, booobooobooooa
goo. obob—-bobobobobooobooboobo
0000, 0d0o0oooo (—20C)0ooooooo
000, 00o0O0ob0obOobOoboooooooooao
0000000000000 000000O0®oo0n
goooooo. obobobobooooo, boobo
gooooooo, boboboobooooooa. ooba
gooogo 20b0bobooooooobooobog, 200
goooooobobobono, obobobooooo
000 30000b0b00000oooooooooa
0000oOooooo22 goooo, 20000000
gooooogooo o2~03pHOOOOOOODOO
ooooooo, #?p-0000000000000000
O0. O00DDOO00DODO00 SDS-PAGEDOODODO
0000odooooooo 39K, 49K, OO0 80K
gooooooogooo. 1900000, ooooo-—
0¥ 00000-0000220000 39K000
goo49K0000000000DO00OoDOOoOooDOOoa
gooooooooboobo. ooooog, cgoooao
0000000000D0DO0O — (G protein-coupled recep-
tor; seven-transmembrane-spanning receptor) 0 0 0O O
goddooooooo, bbbooooooooooa
Ser0 Thr 0000000 —-000DO000O0 (G protein re-
ceptor kinase) 000000 OO00OOOO, OO0OOO
g-gooooouoooooo., oooooog, ggd
g-ooobooboobob. booo, boboobobo
(adaptation) 0000000000 DOOO—-000. OO
gooo0-00, 0boboboboooooooooa
0000000000 phosrestin I (PRI; 49K) O phos-
restin II (PRIL; 39K) 0O 0O0OO. PRI, PRI OOOOO
arrestin B,arrestin AOOOOOOOO, O0OOOOO
gobboooooooobbbooooooogn, PRI
(arrestin B) 000000000 DODOOOOOOOOO
(light adaptation) OO OO0OO0OOO0OOOOO0O. PRI
(arrestin A) 0000000000 OO0ODOOOOOOOO
god.

0od, obobooo-—-oooooooo, PRIOOO
0000000o0oUoooooooooooog (~500
0do000)0000000O00oOooOoooo?, oo0o
KD DOODUOOooouooooo (2~3000), 00O
PRII (arrestin A) OO0 0O0OO00O~1000000000 —
gooogd. oboboboboboo, oooboooo

—119—



H. Matsumoto, S. Kurono, and N. Komori

Rhf)dopsin (ninak)
Gﬂ (dgq)
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Increased Ca2+]

PKC (znaC)

PRII (~5 sec)

./ CaMKIl PRI (<500 ms)

1
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i) Arrestin function?
(arr2 mutants)32)

ii) Trigger endocytosis?
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Assembly/disassembly of
transduction components?3%

Only a subtle phenotype observed
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Fig. 2.

Protein phosphorylation cascades induced by light stimulus in the photoreceptor cells of Drosophila melanogaster.

Photoreceptor excitation induces phosphorylation of at least three classes of photoreceptor-specific proteins
within several seconds in vivo. Among them, the first phosphorylation takes place at the Ser366 of phosrestin I
(PRI) by calcium/calmodulin-dependent protein kinase II (CaMKII) that is triggered by the increase of
intracellular calcium.?”?® It is unknown which kinases are responsible for the phosphorylation of INAD (80K)
and phosrestin II (PRII). The name of the gene encoding the protein is shown in a parenthesis. Hypothetical roles

of protein phosphorylation are described in a box.
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Light-conditioning protects retina from light-damage.

800 Lux

5 Lux

Light-reared

Normal Retina

Challenged by
2000 Lux

I)arkrrearéd

Retinal
Degeneration

Fig. 3. Neonatal rats reared under bright light conditions develop resistance of photoreceptor cells toward light-damage.
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Fig. 4. Two-dimensional gel analyses of retinal proteins of rats reared under different light conditions.
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MALDI-TOF spectrum of the two-dimensional gel spot that was up-regulated by bright-light conditioning. The

2500

spot shown by the arrow in Fig. 4 was digested by trypsin and the MALDI-TOF spectrum of the digest was

measured (lower).

The upper figure illustrate the post source decay (PSD) spectrum of the m/z=1007.76 peak,

indicating that the protein is likely to be aA-crystalline.
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Fig. 6. The apoptotic pathway and the stress-signaling pathway appear to be interacting each other in rat retinal cells.
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Fig. 7. Over-expression of the bcl-2 protein in photoreceptor cells up-regulates at least 5 proteins revealed by SDS-PAGE;

Fo09083, bcl-2 over-expressed mouse retina; NT, non-transgenic control.

revealed its identity as aA-crystalline.®”
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