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Mass spectrometry has widely been used as a tool for identification of proteins in the research fields of biochemistry
and clinical chemistry because it can provide accurate information on molecular masses of biological molecules with a
small amount of sample in a short time. If mass spectrometry is properly used, it can also give information on the tertia-
ry structure or on the molecular interactions of biological macromolecules. The present paper focuses on the role of
mass spectrometry as a tool for the investigation on the tertiary structure of proteins and on the biological molecular in-

teractions that play essential roles in various biological events.
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ZEMB, THAER T I R/AKFEZEAKEZITZH
%, HESWL, BZbok7 I RKEEZRHET
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G EDEERNALNIN, L, LTk
'"H-NMR T#H| SN % His B D C-2 fii/k#E D%
BRI B EE26N5.
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Scheme 1. H/D Exchange of C-2 Proton of Imidazole in Histidine Residue
(a) His(16) (b) His(55) (c) His(79)
His(16)-Asp(20) Leu(53)-Glu(60) Val(69)-Glu(95)
(661 :g) (ggg'g)
11. £
e
HSS H79 3117.4
! (3117.8)
3116.4
(3116.8)
983.9
610.7_—|
(610.3) yE )
6800 610 620 m/z 870 580 980 m/z 3100 3110 3120 3130 m/iz

Fig. 1. FAB Mass Spectra of Peptides (a) His (16)-Asp (20), (b) Leu (53)-Glu (60), and (c¢) Val (69)-Glu (95) Generated by V8 Pro-
tease Digestion of IL-2
Upper panel: with deuteration at 37°C in D,O (pH 8.45). Lower panel: without deuteration. Observed mass value for each protonated molecule is indicated in
the spectra, associated with the theoretical value in a parenthesis. (Reprinted with permission from Ref. 10) by Miyano H. et al., Anal. Sci., 1989. Copyright 1989,
the Japan Society for Analytical Chemistry, and from Ref. 12) by Akashi S., J. Mass Spectrom. Soc. Jpn., 1997. Copyright 1997, the Mass Spectrometry Society of
Japan, and modified) .
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Fig. 2. Aromatic Region 'TH-NMR Spectra of IL-2
Upper panel: Before addition of D,O. Lower panel: After deuteration at 37°C in D,O (pH 8.45). (Reprinted with permission from Ref. 10) by Miyano H. et
al., Anal. Sci., 1989. Copyright 1989, the Japan Society for Analytical Chemistry, and modified) .
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T&E-. 19 ZD#%, 1992 4£1Z Protein Data Bank 17 D, YN EDOEREEMRITICMS NG TH
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Fig. 3. Tertiary Structure of IL-2 (PDB: 3INK) ¥

(Reprinted with permission from Ref. 12) by Akashi S., J. Mass Spectrom. Soc. Jpn., 1997. Copyright 1997, the Mass Spectrometry Society of Japan, and

modified) .
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ENETRTOEEZEIN—LTHTT 52 &EMNT
E5. LnLENs, XTI UTHIETSZ LTk
0, PR TF REBFONEKIHERZ7 2 RK
FOHEAKBLLOBRIITNTFr oI NTLE
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Fig. 4. A Schematic Illustration of the Strategy for Structural Analysis of Protein-Protein Complexes by Mass Spectrometry in Com-

bination with H/D Exchange
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MmElzofz (Fig. 5.V 2o &, ThETOA
LB EBFRERY L —-KTHHDTHHZ. 2D
£2I1T, BEKROHEEREAICET 2 WA X
HRHE S S EAT > NMR IC K B2 L THHEEH
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JEDO@mRBESCHAEEREMZRITTE5LD
2, AR TN T TREICHEET DT I /R
PRI U TR I b A B O 2 il U CE &2 E
EEMTASZETH, FONVENEGTHHAEE
ALz i@t d 2 2 &N TES.

31. 7 N7E—PREROHEEEREBGLO BT
% # 5 1%, 1,4-N-acetylmuramidase T & % lyso-
zyme & F D ER|TH 5 tri-N-acetylglucosamine
(NAG;) DHHEAERHEAL Z (b2 E A & MS THREHT
TEDHTEZ 1993 FITRL TVS. Y HERDTF
TEFKROIEFETRTY 2 BABEOERERICH L T
ReHRMIL RO E L, ThEnicBnTE
iz 7 I ) BEEEMS ZHVWTRET 5.
HEZDFE FIZBNWTOH, EiISIHT 50
FEEREENL, FHEA & O AL Td 5 rTaek
NEWwEEZENS. D& Z L, Fig. 4120
27 X RKFZBDOEKBLZHDGE LFKRDODHDTH
%. Lysozyme & [HEXI NAG; & DM AEREALL O

D%
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(a) (b)
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//: ’, ':,’f ’e?'é”::f ‘
E:/ﬁ' ot ' - - PN
40 ,T X - = P : -
é -~ /';é”; I L
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20 A 19-59
@ : 60-85 i (]
10 @ : 86-116 {{T—
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| | |
0l 10 . .~ 100 1 10 . 100 1000
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Fig. 5. Percentage Deuterium Incorporation into Amide Hydrogens in the Segments 1—10, 11—18, 19—59, 60—385, 86—116, and
103—107 of Cystatin in the Absence (a) and Presence (b) of Papain as a Function of Time (min) on a Log Scale

Each data-point represents the mean + standard deviation (S.D.) of deuterium content of amide hydrogens. Regression lines were plotted based on least-square

regression analysis. (Reproduced with permission from Ref. 17) by Akashi S. and Takio K., Protein Sci., Copyright 2000 by the Protein Society, and modified) .
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AT SR BRI F W 72 LA B R O [t & Scheme 2 1Z7R
7. TNENORINE HEROGFE T ROIEFE T
TV, BoNDEBHY NI EDOY 2T 1 R
BEET7INVFIVEODE, hU T XTI V8
protease THL L TXRTF Rt &L, #NEho
BE% LC/MS TIRET 5 &\ D Hik TrEMI AT
L7, ZO8%, Trp62 & Asplol iI2HB W T,
NAG; DEFE FICBWTOAEHMISNIZ 5N S
ZEMREINZ. ZDFEHE & Protein Data Bank
(PDB) IZTH XN T 5 lysozyme-NAG; # 51K
OEEELRS LabEREZA, INSORIEITE
S 2 NAG; EOMAMFERFMICHFEL TS Z &
DHERSINZ. ZO/RMNS, IL-2 O His FRHED
GHERBEOMTOLA LR, 73 BABHICER
BB I8 MFNBRFEREMS 2HAE5D
¥ ET, N7 EOMEMERERMICEET %1%
MEELND T ENRIN.
ZOWENTTH I 1990 £ OFTEITIE, ¥ >
IN7EO—REERITICMS A WEN S LI
BoTHIBBRWRHATH O, ¥ NI EDEREE
A A AR EAL O fENTIC MS 2 W B HF5EIE, £
oI hLhfrbhThiho /2. 230 2Dk D

BFENN—ZA &R0, OBITHENEHEINZD
DERBDT, WRIRY 2N EDEREGECHAME
FEALIZDONWT MS ICK 2 BEMmT D 512
oIk,

3-2. BRBRAEBZRWLY NI HEOBERT
LB RS DB EITH W SR E I, Scheme 2 1T
RTEDIT, 1 DOERERITH LU TR EMICEAK
INEETHDTHS. THUTHL, BEREKIIERE
FHITH LU TRIGTESEM2 1 2 FNICERA L,
U > — D)@ < BEEEICHFIE Y 2 BB O EREH &2 2246
THIENTELDRETHD., ZOXD ARG
ERHWESY 2N B OREERTIE, 1990 4 LAFT T
1%, EBIZY NV ERFEDORETT B
O51 > = T Y —2HNTEDEDY 2N\
rvEREIEHWTITbRTWE, L TESI®
MALDI 72 EYV 7 b F AEIED RS E &5k
B DA, ZEREERAL O [FE 113 &R Tl
HICHENTEDLMS WERFEELTHVWSN
5E5ToT. BETIE, % 2 NTEOME BT
DO DEERIGE MS Z2#lAaEGbE 7z kT,
2 DY NI BIZDOWTHEEIFZENTTHIL TN
5. 32—35)

1. Amino group EHBNH Mass
I »
NHs " NH increase
(CH2)4 I (CH2)4
] CH;-C -OCH i
—N-C—C— 2 *p —N-G—C— +41
HH I H A K
2. Carboxyl group
OH NHCH;CONH
¢=o g=o
(GHan NH,CH,CONH, (GHa)n
—N-C—C— —N-C—C— +56
HH @ HH I
o)
3. indole
CHzBI"
NS NOZ_C}-OH CH-< ?—OH
2
GH > CH +151
s P2 NO,
—N=-C=C— —N-C—-C—
HH T HH I
0 o)

Scheme 2. Schemes of Chemical Modification for Amino Group (1), Carboxyl Group (2), and Indole (3)

Mass increase by each chemical modification is indicated on the right of the reaction scheme.
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EfEAEZ W TSRt 21T O 5E, TE57E
HRIRE TREHA IR 2 3R 8%, »TRIEICHEET S
BREAZ D THNTHEBL, Yo7 —E#HELEZD
5, MShH/LNERTF ROEEFHRICHE DN
TREINEEREZFEEL, &> NIEDOEXKE
BITHET SIEHRAEED. Young Hi, ThHDh
15 & threading {ExflAGHOEL I LITKD, T
fibroblast growth factor-2 (FGF-2) D& N 21T
S TW53, 30 BEHAIED Y > 1 — DK S O kIR
IZEDWT, IFE LW FGF-2 O D HERE 7338 = H
INBZEMIOHFETRENZ. £z, 7 FHED
MAEHBERICDONWTS, EERISE MS 2
HZERREDFAETEDZ &N, < OWEHIT
IRSIBTHICHE LD HNTIND, 3273

Z DX D ISR 21T D G DEEBFIEILLL T O
DTHD. HFTHNEEINIZY 2N EOLERERAL
RO E 2N EHEERDERIHE I T 5 HEEE
WMERZWEEE, HEROYA XZ2H6T 25 2N
JEDOEFITDOWTLUROEREZITS. BHEDY >
IND BRI BT % BEREEAL 2 YO AR F AL D fig
WEITWEWEEE, BRINSEEERO S FHA
RX&mRd 5 2N EDE T DONWTLUEOERZTT

S, WINoHaES, BHEEAETCBWTTOT
7 —EHEETY, BN TF REFOEES
BIEL, BEREZEHL TWARWES & KT 5 2
& TG DO RIE 2175 ON—KINTHS (Fig.
6). LLIMNS, ZOHETIE, ZR6ERIS TEA
INTVRBWEELELDXRTF ROFNS, JEIN
EADIRNRTF RERHd 2 ENES TR,
ZTORD, BEREICTY 71 =T 1 =SBV S
ZEMTED NZRIV" 213720, 2845
HERMAEK TV L T “HE” 210720940758
THIET, BEBINERTF RETELFEIAES
R0 TI RN INTWS, £z, H5FN
EINY 2N BOREERMZFET 5HMT,
FTICR-MS % W T# > /N7 GO Wb & 8 &
EEADETTOHEBREINT NS 42 35
2, BEHMOREERSHITT D200V 7 KU T
THNSDONHFEINT NG, 4740

4. EREEDFOEERN

BB 2T DOEFHEALY 7 ML A 21ET %
TEMTEXBHESI %2, S5iCWERABTRDY 7
MZA A METED XD ICKRB LT/ ESI &7
HAd22&ickD, URY—LDXDBERERE

Cross-link reaction

fragmentation

LC/ESI-MS
LC/ESI-MS/MS

=  MALDI-MS
M MALDI-MS/MS

° separation
fragmentation

—

Determination of cross-linked sites

Fig. 6. A Schematic Illustration of the Strategy for Structural Analysis of Protein-Protein Complexes by MS in Combination with

Chemical Cross-linking
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Fig. 7. [ESI Mass Spectrum of TFIIE
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(Reproduced with permission from Ref. 58), ‘“‘Investigation of molecular size of transcription factor TFIIE in solution’’ by Itoh Y. et al., Proteins: Struct.
Funct. Genet., Copyright 2005 by Wiley-Liss, Inc., a subsidiary of John Wiley and Sons, Inc., and modified) .
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Fig. 8. A Typical Low Resolution Dummy Atom Model (DAM) Generated from the Distance Distribution Function of TFIIE

The DAM was obtained by ab initio fitting procedure. (Reproduced with permission from Ref. 58), ‘‘Investigation of molecular size of transcription factor
TFIIE in solution’’ by Itoh Y. et al., Proteins: Struct. Funct. Genet., Copyright 2005 by Wiley-Liss, Inc., a subsidiary of John Wiley and Sons, Inc., and
modified) .
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Fig. 9. A Plot of the Solution —A4A4G of Complex as a Function of Vs for the Complexes of the c-Myb DBD and Seven 22-mer
Double-stranded DNA (dsDNA) Oligomers, m22, m3, m4, m5, m6, m14 and m19
Sequence of m22 is wild-type, and m3, m4, m5, m6, m14, and m19 are single point mutants of m22. For example, (+) strand of m22 has the sequence of (+)
5" CACCCTAACTGACACACAT 3’ while that of m3, a point mutant of m22, has the sequence of (+) 5 CACCCTCACTGACACACAT 3’ , in which mutated
position is underlined. The S.D. of each Vs, is indicated with bars on x-axis while that of each 44G value (0.2 kcal/mol)6” is indicated with bars on y-axis.
(Reproduced with permission from Ref.64), ‘“Evaluation of protein-DNA binding affinity by electrospray ionization mass spectrometry’’ by Akashi S. et al., J.
Am. Soc. Mass Spectrom., 16: 116-125, Copyright 2005, with permission from Elsevier) .
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Fig. 11. A Plot of the Solution —44G of Complex as a Function of Esyy, for the Complexes of the c-Myb DBD and Seven dsDNA
Oligomers
(Reproduced with permission from Ref. 71), ‘““Evaluation of binding affinity of protein-mutant DNA complexes in solution by laser spray mass spectrometry’’
by Shi X. et al., J. Am. Soc. Mass Spectrom., 16, 116-125, Copyright 2005, with permission from Elsevier) .
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