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Figure 1. Measurement of phosphatase activities for AP synthe-
sized in the insect cell-free system. The cell-free syntheses were
carried out under reducing and non-reducing conditions at 25°C
for 5h. The symbols, -mRNA, DTT(+) and DTT(-} indicate the
reactions were performed without mRNA (negative control), and
under reducing and non-reducing conditions, respectively. The
means and SDs of three replicate experiments are indicated.
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Figure 2. Measurement of lysozyme activities of h-LYZ synthe-
sized in the insect cell-free system. The reactions were carried out
under three conditions at 25°C for 5 h: (i) reducing, (ii} non-re-
ducing, (iii) non-reducing in the presence of GSH, GSSG, and PDI.
The symbols, -mRNA, DTT(+), DTT(-), and DTT{-) + GSH + GSSG
+ PDI indicate the reactions were performed without mRNA
{negative control), and under reducing, non-reducing, and non-
reducing in the presence of GSH, GSSG, and PDI, respectively.
The means and SDs of three replicate experiments are indicated.

corresponded to the theoretical values calculated from the
amino acid sequences of the proteing’ mature forms. The
final yields of AP and h-LYZ were approximately 41 pg from
1 mL reaction mixture and 300 pg from 10 mL reaction mix-
ture, respectively.
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Figure 3. SOS-PAGE analysis of purified AP and h-LYZ synthe-
sized in the insect cell-free system. The purified proteins (1 ug)
were electrophoresed on 5-20% gradient SDS-PAGE. Lanes M, 1,
and 2: marker, AP, and h-LYZ, respectively.

By analyzing the specific activities of APs synthesized
both in vitro and in vivo (Table 1), it was shown that the spe-
cific activity of the AP synthesized in vitro was slightly less
than that expressed in vivo in E. coli K12 SW 1033/pk 1-5
{Toyobo). This slight difference in the specific activities
might be caused by the attachment of the affinity tag
(**GTGSGGGGGGGGWSHPQFEK*) to the AP produced
in vitro. On the other hand, the specific activity of the h-LYZ
synthesized in vitro was similar to that of the wild type h-LYZ
(Sigma) prepared from human milk (Table 1).

3.2 Confirmation of disulfide bond arrangements in
proteins synthesized using the insect cell-free
system

To confirm the disulfide bond arrangements of proteins
synthesized in the insect cell-free system developed here, the
disulfide pairings of two proteins, AP and h-1YZ, were
determined by MALDI-TOF MS. Figure 4 shows the location
of disulfide bonds for the two wild-type proteins along with
their complete amino acid sequences, including the affinity
tag used here. Each protein was treated under the three con-
ditions (reduced and S-alkylated, S-alkylated, or no treat-

Table 1. Specific activities of AP and h-LYZ synthesized in vitroor

in vivo
Protein Specific activity (U/ug)
In vitro Invivo
Alkaline phosphatase 20.05 = 0.40 22.37 + 0.45
Human lysozyme 26.33 £ 0.71 25.67 = 0.77
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FIAELQDATPAA LVAHVTSRKC YGPSATSEKC PGNALEKGGR GSITEQLLNA
j S
WRADVTLGGGA. KTFAETATAG EWQGKTLREQ AQARGYQLVS DAASLNAVTEC
¥LANQQKPLLGL 'FADGNMP\{RW' QGPKATYHGN IDKPAVTCTP NPQRNDSVPTI00
MILAQMTDKAIE LLSKNEKGFF LQVEGASIDK QDHAANPCGQ | IGETVDLDEA
BIVQRALEFAKK DGNTLVIVTA DHAHASQIVA PDTKAPGLTQ ALNTKDGAVM®™
WIVMSYGNSEED SQEHTGSQLR 1AAYGPHAAN VVGLTDQTDF FYTMKAALGL®?
HIKGTGSGGGGG  GGGWSHPQFE K
Spacer sequence Strep-tag sequence
B Figure 4. Amino acid sequences
and the locations of disulfide
'MKVFERCELA RTLKRLGMDG YRGISLANWM CLAKWESGYN TRATNYNAGDS® bonds in both wild-type AP and
“ . — . ] T , - h-LYZ. Disulfide linkages of wild-
*'RSTDYGIFQI| NSRYWENDGK | TPGAVNACHL SCSALLQDNI ADA\‘A%Z_AJ\RV type AP (A} and h-LYZ (B) are
'MVRDPOGIRAW | VAWRNRCONR | DVRQYVQGCG  VGTGSGGGGG  GGGWSHPQFE!™ indicated by lines. Spacer and
151Ig L— Spacer sequence Strep-ng Strep-tag sequences are under-
- sequence lined.

.ment, see Section 2.7) followed by overnight trypsin diges-
tion. Tryptic peptides derived from each protein were ana-
lyzed by MALDI-TOF MS. The PMF for each protein sample
treated under these three conditions was almost identical,
with the exception of regions corresponding to cysteine-con-
taining peptides, regardless of conditions for sample prepa-
ration, and the values obtained were in good agreement with
the theoretical values calculated assuming the presence of
wild-type disulfide bonds (Tables 2 and 3).

As shown in Fig. 5, in the case of the reduced and S-al-
kylated AP treatments, three peaks, which apparently corre-
sponded to tryptic fragments containing carbamidomethyl-
cysteine(s) of this modified protein, were specifically
observed at m/z values of 2097.05 (Fig. 5A), 2240.16 (Fig. 5B)
and 2523.15 (Fig. 5C). These values were in good.agreement
with the theoretical values (m/z 2096.97, 2240.09, 2523.15)
calculated from the amino acid sequence of the wild-type
protein (Table 2).

On the other hand, peaks with the m/z values described
above were not observed for the untreated AP or for the AP
treated with S-alkylation without reduction. Instead, peaks
were observed at m/z values of 1980.97 (Fig. 5A) and 4649.03
{Fig. 5D} for these proteins. Each value was in good agree-
ment with the theoretical values (m/z 1980.93, 4649.06) cal-
culated from the tryptic peptide fragments containing wild-
type disulfide linkages (Table4). However, peaks corre-
sponding to incorrect disulfide linkages were not detected.
Therefore, the AP synthesized in the insect cell-free system
developed here formed wild-type disulfide linkages.

In the case of h-LYZ, two stages of protease digestion
were required to confirm the disulfide bond arrangements,
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because peptide fragment having two disulfide bonds was
obtained by the first tryptic digestion (Fig. 4B). As shown in
Table 3, the calculated mass values of the peptides contain-
ing carbamidomethyl-cysteine(s) obtained by tryptic diges-
tion of h-LYZ were 577.25, 648.31, 942.38, 1363.69, 2708.19,
and 2927.38. In the case of the reduced and S-alkylated h-
LYZ, six peaks were clearly observed that were in good
agreement with the theoretical values. The observed m/z
values were 577.24, 648.19, 942.32, 1363.68, 2708.17, and
2927.29, and each was assigned to a peptide containing car-
bamidomethyl-cysteine(s).

On the other hand, these peaks were not detected for §-
alkylated h-LYZ without reduction or for untreated h-LYZ.
The calculated mass values of the peptides containing di-
sulfide linkages, obtained by tryptic digestion of these
h-LYZs, are 1823.89, 3239.46, and 3636.67. Three peaks were
clearly observed that were in good agreement with the theo-
retical values. The m/z values of 1823.97 (Fig. 6A), 3239.22,
and 3636.36 (Fig. 6B) were assigned to peptides containing
disulfide linkages (Table 5). No peaks corresponding to
incorrect disulfide linkages were detected. From these
results, we concluded that the h-LYZ synthesized in the cell-
free system formed four disulfide bonds, and two of these
(Cys’-Cys'® and Cys®-Cys''’) were the same as those
observed in the wild-type protein. However, the locations of
the other two disulfide bonds between Cys®, Cys™, Cys®,
and Cys® were still undetermined.

To determine the remaining disulfide linkages, the tryp-
tic fragment observed at the m/z value of 3636.36 was iso-
lated using reverse-phase HPLC. Of eight peaks observed in
the reverse-phase HPLC elution profile, peak 8 was identified

www.proteomics-journal.com
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Table 2. Theoretical and observed monoisotopic mass values for tryptic digests of AP

Mass Position ~ MC?* Modification(s) Modified Observed mass vatue! Peptide sequence
value mass value () (b) {c) (a) b} (c)
3687.88 235-269 0 Ms0*k: 266 3703.87 3703.65 GYQLVSDAASLNAVTEANOQQKPLLGLFADGNMPVR
279245 140-168 0 2792.39 AAGLATGNVSTAELQDATPAALVAHVTSR
273032 421-445 0 MSQ0: 444 2746.32 2730.31 IAAYGPHAANVVGLTDATDFFYTMK
272716 396420 O MS0: 400, 402 - 2759.15 2127.16 DGAVMVMSYGNSEEDSQEHTGSQLR
2473271 361384 O 2473.36 DGNTLVIVTADHAHASQIVAPDTK
2466.13  331-353 0 Cys_CAM®: 338 252315 2523.15 N.D.® QDHAANPCGQIGETVDLDEAVQOR
213.07  95-116 0 2213.16 TGKPDYVTDSAASATAWSTGVK
218307 275-294 O Cys_CAM: 288 2240.09 2240.16 N.D.  ATYHGNIOKPAVTCTPNPQR
1982.93 169-187 2 Cys_CAM: 170, 180  2096.97 2097.05 N.D.  KCYGPSATSEKCPGNALEK
1975.03  76-93 0 1975.05 GIDALPLTGQYTHYALNK
1958.02  46-64 0 MS0:55 1975.02 1975.05 NULLIGDGMGDSEITAAR
1816.80 452471 0 ‘ 1816.92 GTGSGGGGGGGGWSHPQFEK
1496.70 - 212-225 0 1496.79 TFAETATAGEWQGK
1419.68  295-307 0 MS0: 304 1435.67 1435.11 NDSVPTLAQMTDK
1416.71 117-129 0 1416.79 TYNGALGVDIHEK
141073 318-330 0 1410.82 GFFLQVEGASIDK
120165 191-201 0 1201.71 GSITEQLLNAR
118559 3-12 1} MS0:6 1201.59 1201.71 TPEMPVLENR
118460 13-25 0 1184.67 AAQGDITAPGGAR
117055 168179 1 Cys_CAM: 170 1227.57 N.D. KCYGPSATSEK
1160.54  65-75 0 1160.58 NYAEGAGGFFK
115459  130-139 0 MS0:137 1170.58 1170.60 DHPTILEMAK
1113.63  385-395 0 1113.65 APGLTQALNTK
104556  27-36 0 1045.61 LTGDQTAALR
104245 170-179 0 Cys_CAM: 170 1099.47 N.D. CYGPSATSEK
960.50 3745 0 960.49 DSLSDKPAK
§88.48  202-211 0 888.47 ADVTLGGGAK
831.40 180-187 0 Cys_CAM: 180 888.42 N.D. CPGNALEK

The mass values more than 800 are shown.
a) MC, number of missed cleavages.

b} (a) {b) {c) stand for the sample conditions described in Section 2.7. In these samples, the peptides containing unmodified cysteine(s)

were notobserved.

¢) MSO, methionine sulfoxide (artificial modifications). MSO was observed in several tryptic digests of AP, because these samples were

concentrated using SpeedVac after extraction from gels.
d) Cys_CAM, carbamidomethyi-cysteine.
e) Not detected.

as the peptide of interest by MALDI-TOF MS (Fig. 7 and
Table 6). Therefore, the peptide (Fig. 8A) was subjected to
thermolytic digestion as described in Materials and meth-
ods. Numerous peaks were seen on the mass spectra of
thermolytic digests, but most were judged to be derived
from the enzyme preparation, because they were also
observed in the mass spectrum of the control sample. The
control sample was prepared by themmolytic digestion
under the same conditions, but without the peak 8 peptide
(data not shown). Two peaks were thus dearly observed at
m/z values of 1362.58 (Fig.8B) and 2112.33 (Fig. 8C),
which were not observed in the control sample. These
values were in good agreement with the theoretical values
(mfz 1362.57, 2112.01) calculated for the peptide frag-
ments containing native disulfide linkages. From these

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

results, it was demonstrated that the h-LYZ synthesized
using the insect cell-free system developed here formed
wild-type disulfide linkages.

4 Discussion

In this report, we have established an effective method for
synthesis of proteins in soluble and active form using an
insect cell-free system. The proteins E. coli AP and h-LYZ were
produced as examples of the system’s performance. We have
demonstrated, using MALDI-TOF MS, that the disulfide
linkages of these proteins were identical to those of the wild-
type proteins. This is the first detailed analysis of disulfide
bond formation in proteins produced using a cell-free system.
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Table 3. Theoretical and observed monoisotopic mass values for tryptic digests of h-LYZ
Mass  Position Modification(s) Modified mass value Observed mass value® Peptide sequence
value
(a)(b){c) (a) {b){c)
2756.32 71-98 Cys_CAM®:78,82,96 292738 2921.29 N.D.Y TPGAVNACHLSCSALLQDNI ADAVACAK
2651.17 124-151 Cys_CAM: 129 2708.19 2708.17 N.D. QYVQGCGVGTGSGGGGGGGE WSHPQFEK
1400.68 52-63 1400.68 STDYGIFQINSR
1306.66 23-34 Cys_CAM: 31 1363.69 1363.68 N.D. GISLANWMCLAK
MS0< 30 - 1322.66

1012.45 35-42 1012.44 WESGYNTR

981.44 43-51 981.41 ATNYNAGDR

885.36 64-70 Cys_CAM: 66 942.38 942.32 N.D. YWCNDGK

811.38 16-22 MS0: 18 821.37 811.32 LGMDGYR

788.42 109-114 788.36 AWVAWR

685.36 103-108 685.27 DPQGIR

591.29 7-11 Cys_CAM:7 648.31 648.19 N. D. CELAR

550.30 3-6 550.15 VFER

520.23 117-120 Cys_CAM: 117 571.25 577.24 N.D. CQNR

The mass values more than 500 are shown.

a) (a) (b) {c) stand for the sample conditions described in Section 2.7. In these samples, the peptides containing unmodified cysteine(s)

were not observed.
b) Cys_CAM, carbamidomethyl-cysteine.
c) MSO, methionine sulfoxide (artificial modifications).
d) Not detected.

AP was synthesized in a soluble and active form using an
insect cell-free system without any reducing agents, because
the folding of this particular protein allowed proper forma-
tion of disulfide bonds, which occurred spontaneously under
these conditions {21]. Thus, the non-reducing environment
was very important for correct disulfide bond formation in
this case. The specific activity of the AP synthesized in the
presence of GSH, GSSG, and PDI was almost the same as
that of AP synthesized in the absence of these components
(data not shown). Thus, for the synthesis of active AP, the
addition of GSH, GSSG, and PDI seems to be unnecessary
in this cell-free system. However, the situation was different
in the case of synthesis of active h-LYZ. The optimum con-
centrations of GSH, GSSG, and PDI were determined for the
synthesis of active h-LYZ, and they were found to be 0.5 mM,
0.5 mM, and 2 uM, respectively. PDI catalyzes both the oxi-
dation of disulfides and the isomerization of incorrect di-

sulfides in newly synthesized polypeptides during folding in’

the oxidizing environment of the ER. Furthermore, PDI is a
multifunctional protein involved in the folding, assembly,
and PTM of many proteins, and its concentration in the
lumen of the ER may approach millimolar levels [22]. In this
study, the optimum concentration of PDI (2 uM = 200 pg/
mL) was comparatively high, and therefore it is thought that
the concentration of endogenous PDI in the insect cell
extract is not sufficient to synthesize active h-LYZ; alter-
natively, the insect cell extract may lack some of the enzymes
existing in the lumen of the ER, or their properties may differ
somewhat.
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On the other hand, neither the addition of the chaperone
molecules such as GroEL and GroES, nor complicated prep-
aration methods of cell extracts, as reported in other cell-free
systems [9-14], were required for the insect cell-free system
developed here. Even a single improvement, i.e., not adding
DTT or any other reducing agents, will be effective in pro-
ducing active proteins in some cases. For example, h-LYZ
was expressed in a soluble and active form, and approxi-
mately 300 pg-purified protein was obtained from 10 mL of
the reaction mixture. The efficiency of protein synthesis
approached that attained under reducing conditions [1-3].
This result means that the protein synthesis activity in the
insect cell extract can be preserved without reducing agents.
We therefore conclude that our method of preparing the
insect cell extract by freeze-thawing [1] probably prevents the
essential components for protein synthesis from inactivation
by oxidation, which may occur for example when a Dounce
homogenizer is used.

The results of this study show that the insect cell-free
protein synthesis system can produce proteins containing
disulfide bonds identical to those in the wild-type protein by
adding the correct amounts of DTT, GSH, GSSG, and PDI.
Therefore, the insect cell-free protein synthesis system can
be an effective tool for synthesizing active proteins contain-
ing disulfide bonds.

We thank Dr. Minoru Yamaguchi and Mr. Shin-ichiro

Kobayashi, Shimadzu Corporation, for helpful discussions of
peptide preparations and mass spectrometric analyses.
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Figure 5. MALDI-mass spectra of tryptic digests of AP. The acquired profiles were focused on mass ranges from 1970 to 2100 (A), from 2100to
2300(B), from 245010 2540 (C) and from 3600 to 5000 (D). The purified AP was treated under three following conditions: {a} reduction and S-
alkylation, (b) S-alkylation, (c)notreatment. Arrows and numerical values indicate specific peptide peaks and observed masses, respectively.

Table 4. Theoretical and observed mass values for disuliide-Jinked peptides (AP)

Peptide sequence®

QD]-JA;*U\’P(l‘GQIGET\’DL DEAVQR

Mass value  Position MC¥ Modification(s) Modificd niass value  Cbserved mass value

3531-333

2467.63%

Disulfide bond: 288 338 464906 464903
2183.43% 275-294 D ATYHGNIDRPAVTCTPNPQR
198293 169-187 2 Disulfide bond: 170-180 1980 93¢ 198097 Kl; \'GI’SATSEKS’PGN:\LEK

) MC stands for the number of missed cleavages.
by DisuMide hinkages are indicated by lines.
) Average mass valiies. The mass speetnim of this disulfide-linked pepiide was acquired in linear positive ion mode.

-d) Monoiseinpic mass values. The mass specirym of this disulfide-Jinked peptide was acquirad in reflectron positive ion mode,
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Figure 6. MALD{-mass spectra of
tryptic digests of h-LYZ. The
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on mass ranges from 1760 to
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(B). The purified h-LYZ was sub-
jected to the three following
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conditions: (a) reduction and S-

: alkylation, (b) S-alkylation, (c)

i} (a) no treatment. Arrows and

numerical values indicate spe-

cific peptide peaks and observed
masses, respectively.

‘Table 5. Theoretical and observed monoisotopic mass values for disulfide-linked peptides (h-1YZ)

Mass Modified Observed .
Position Modificationis) ’ Pephide sequence’
vidue mass value mass value
I 3
2756.32  71-98 Disultide bond: TPGAVNACHLSCSALLODNIADAVACAK
3636.67 3636.30
88336 64-70 66-82.78-96 YWCNDCGK
263117 124-131 Dasulfide bond: QYVQGCGVGETGSGGGGGGGGWSH PQYFE K
323946 323922
591.29 71 T-129 CELAR
130667 25-34 Disulfide bond: GISLANWMCLAK
1823 89 182397
52025 117-120 217 CONR

a) Disulfide linkages are indicated by lines.

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

www.proteomics-journal.com

—105—



Proteomics 2007, 7, 4424-4434

Technology 4433

Figure 7. Separation of tryptic
digests of h-LYZ synthesized in
insect cell-free system using
reverse-phase HPLC. The tryptic
digests of h-LYZ were separated
by reverse-phase HPLC with a
50-min linear gradient increas-
ing from 5 to 50% ACN contain-
ing 0.1% TFA. The flow rate was
Numerical values
indicate peak IDs. Each peptide
in the eight peaks was identified
by MALDI-TOF MS, as shown in
Table 6. -
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Figure 8. MALDI-mass spectra of thermolytic digests of peptide 8. The spectrum of peptide 8 (A). The acquired profiles were focused on
mass ranges from 1250 to 1450 {B) and from 2060 to 2160 (C). Arrows and numerical values indicate specific peptide peaks and observed
masses, respectively. Alphabet characters and lines show the corresponding amino acid sequences and disulfide linkages, respectively.
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Table 6. Theoretical and observed monoisotopic mass values for tryptic digests of synthesized h-LYZ separated

using reverse-phase HPLC

Peak ID Position Modification(s) Theoretical mass value Observed mass value

1 43-51 981.43 981.49

2 35-42 1012.45 1012.40

3 16-22 811.38 811.45

4 7-11 Disulfide bond: 3239.46 3239.14
124-131 7-129

5 109-114 788.42 788.04

6 52-63 : 1400.68 1400.34

7 23-34 Disulfide bond: 1823.89 1823.99
117-120 31-117

8 64-70 Disulfide bond: 3636.67 3636.39

71-98 66-82, 78-96
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7z in vitro 7 NIALE KRR T O X 2 R L 7-
e, CORBIERPFTEFTTELZVHNIZ
WGEATE 2V E WS ETIE— RV,
FRVALIZEERP TR SR, WBEOERETRS
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in vitro labeling
State A State B

amwr s

! !
amr <

Protein extraction, purification

} }
NN\

combine

o

Digestion, purification

l

Quantitation by MS

X1

31 YRAFA Y (ANVTE RFYLE)

1999 4E{C Aebersold 2 & o THIEH S h iz
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MOFERORNTH D, ZOREILI v EL
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8THbo UAF VBT T NNMLBEDOEEN
LW OREMIPSTEIS Y EAVWAT 74 =
TAATAZL o TIRNVLENIRTF FIiT
FOAh TR BRTL-0ICHONS, &
KBELZLoTHERDERS 2 AHEIHKY
U~ 7774 TRALERIRD A O G ERE
WEDDHBID, BIBCICLE-THEEES D
72 2 BHEDLEWHEF S iz (Cleavable
ICAT HIEOW), Zoft, Y AF4 v (R
ZeRJVE) ADINVEREL LT
acrylamide®*® (Dx3), 2-vinylpyridine (D
X4), iodoacetanilide™ (Dx5) 7 & A & &
nTwa (82),

Julll, WA 70T AT O 720 D% 5 R AR

(17)
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iv vivo labeling
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Protein extraction, purification

A\

Digestion, purification

Quantitation by MS

RAT 70 b 3 — VEERE
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.\\\\\\\/\/\N%O /\/o\/\O>S(\N )l\/| H * f\er
H X X H

S

ICAT reagent

X X
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X 0 | H
: A 2-nitrobenzenesulfenyl chloride
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4-vinylpyridine
2

iodoacetanilide
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O
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THEL)ICERRPLERENLDOPEBTH 5,
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7o, BEHEMEAWAFROTI JEE2ETINY
L TTu7F — A ElT) L) HELH
FINTWws (ITRAQ EY®),
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CRUGEBRUHEDANEF Y VEE T AF N
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NBSCl
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MITEo7UBRE NBST\/Hbéht
‘3C or 12C MITROTURE
K4 +UTbLT 7 RREL NBSHEEORE

HANIG LT v BEA%+ERTEFHEEN
720 BBYZELTOD2-Z hORYEY RN
Tz VEIIEEEN/NE L (n/z:153) #
ERRBREMTHEDOT, BESHEITOR
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HED T,

4-1 FHLER7OLX
NBSHEEI M) T 77 v 5REDS ¥V F—
VREBREEGT TERNICEHL, EORE
LBEWHRENPEA SN FREFND T XVER
TFFOEERNDZEIZI6DaTH B, H4IZ b
V7 N7 7 R#EE NBSREDKEZRT,
AKFEIEINBSCIO MY F b7 7 VRIBEDOA V F
—VBRIIN T2 EROLRE CREFEHRK
&) ICHEB L ACHBEY DL, —iRW
Ny AT ) =V AN T £ = VERRE (2-ni-

trobenzenesulfenyl chloride® ¥, 4-nitroben-

39)

zenesulfenyl chloride 2,4 -dinitrobenzene-

sulfeny] chloride®, 2-nitro-4-carboxybenzene-
sulfenyl chloride®*¥, %) TZ DX ) 2 KIS
WAL oHMON TS, CNHEDH) HT2-
nitrobenzenesulfenyl chloride iZ Y 77 7
v, YATA VEREUNDOT I BIRELEE
KRS LRV EFREDShTwEZ L2
5, RETOTNWMERAEL LTERBEL. K
BOBIRMEICEAL T, NI TrT7Y, VA
T A VFREORFIIKIGL, ChomEHTO
BIRMEITIRVWEToTL v, L2L22S, &
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Cell State [ (control sample) Cell State I (test sample)
) )

EEE?&-?R& Esﬁﬁ‘rﬁ-ﬁﬂ
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5%)'&5&)&& WERRB) TS0

BE&
+
BIT-7ILEILAL, BEREL MSIMSERH
+ /
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ﬁ‘ﬂi"ﬁﬁ

| MS analysis
Es5 NBS#EOHT7O b a— Vi

Lal]

TREE A% BRI

CEaRORE

By AHEEHRUI M) T b7 7 VEBELEIN
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HWETHAEDT, NBSY¥ /S LY AT
4 VREL, UTICORBEHIZERTOER
T EHEHTOIANVT 4 FEESD) B
EDBICRITHBARE2ZIITAN 7 FY L
KRY, ROI—F7EFFINIZEBT7LF
WMETYAF Y HRODAVTE FYLEE L
W7 VEMEEINBY,

3T, ERTULZAOMBEIIROEY Th 5,
EHAS>OHME LEBERY, 1) BHESH,
—HOH TV EBORET, bI—FEEN
RETITINMET 5, 2) cho o0 7
VEREL, BHOREELISIVASE (L7 7
Ty 7 ALH-20%) XYW BR¥ET B, 3) 4
TVEBHEROVANVT 4 FESE2BTTL AN
TT7NVFNMET 5, 4) BRHLZTV, RS
FFREWE T 5, 5) NBS 7 XNbRTF I
2722k 7 70— AN T ATHEE - BT
bo 6) LELRGIE, BIHMAD HPLC T4 ¥
LTHEES %2179, ERD LI, TS
TRAERTRNWEINBS ¥ i b7 v 77>
BREOHEEGLERNLERICER S S
(H5)e COTULRAIBEEERHRIT X
WALRTF NS 7 L OFIRL ETHBE M
29, ¥ 7-MALDI-TOFMS TOBRHE DB D
Y M) ADEFEEIT> T, NBS 7 X)L~
TFRF2E@RMIIBRELCBET AN 2 X
75 N # (3-hydroxy-4-nitrobenzoic acid) % & H
LTwW5a9 (K6),
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O,N COOH ™
3-hydroxy-4-nitrobenzoic acid EBeQ:)
H4NB,
( 3H4NBA ) oN ?
/ COOH
HO D NBS%’\E_HE&?’?-FE
BIRM-FEEICRY

a-cyano-4-hydroxycinnamic acid
(4CHCA)

M6 NBSINRVILRTF FiBRE - &BIRW
IR TA-DDEBE~Y NI I RE

4-2 EFNVEOETHVI-HENEEOESFP

EBEDTAARY bWV ETEDE ) BT 7 F
VAR ENE»2EFVEAEE AW ER
2 HH%RT BW/-&HE X glyceraldehyde-
3-phosphate dehydrogenase (rabbit), phos-
phorylase b (rabbit), ovalbumin (chicken),
o -lactalbumin (bovine) M4 TH V), T h
LEAVTZODRELZRD LS ITEFVEL
7o REBA WEEZK 4 12.5ug), REB (4
2R L4 25u8) CNOHZODIRERTDA4
BOEHEADOHEVTIDL1:2THbB, 0
LHCHAB L Zo0H 7V % 41 THE %
BR7O R CTHREL, BHETS
NBS I RXNVALRTF FOREYW B0 2D

A, B D S OFF— AR D70 OR E R AL R 5

309

B &% % MALDI-TOFMS (AXIMA-CFR :
EEBERT) CTHIZELAZARY PVER 7 ISR
o SCTRHAELTLHEOEHED S b,
a-lactalbumin 3 ® LDQWLCEK & phospho-
rylase b A5 ® ELINSWVESQTNGIIR @ ¥ &
TUVEHE L7 WTFRbRTF FRTR FIC—
DDMN) T V77 VREREREETAHALODEER
6DaZDXRT7ELTBHMENE, ThZEhD
R7TE—7OHERIZ1:2THY, AR/
ETFNVRTORELE SVW—KERLTn5,
TUT A — AR TIXEESEB CORIE S
FRECHTY 7 MK ABEERE D EERM
BErh®bd, H8IIEF— 9 R—-Z2KREKIZL D
EHEEEDM % RT, = N idlysozyme
(chicken) Z#ME L LEERMPLDF— 5 TH
BA, m/z: 1198, 1204 2Bl s 5 6Da &
DRTE—=TD—F, m/7:. 1206 DE— 27
FLTPSD #fToT~v A2y MRELLHER
Thbd, =7 MIHRD)VF—LTHBEI L
BRTF FOERFIEHRE L bII—fLics v &
nTnws,

4-3 HEFEREBEBAVLER

EROEREBRTH S I v PIFICH LTE
EODOHELBAH L CREAEAE ORI ZRA
720 AV /-ME D HEIZ, Cri: Wister (E#

=
"

6 Da

<l
w

v

LDQWLCEK

(a-lactalbumin) 125156

124459

1245.59 125251

125353

PORY S - OO - B - S " SR YU - S N - W - |

124647 L
N A

L] w s [ [ =

nzstp

@

-
=

201901
ELINSWVESQTNGIIR
(phosphorylase b)
01935
6 Da 201i1.98
21298
1402 2209
01195 20149
(\v'kf‘ / J\ J\VJ\J\WW

W ¥ W W W W T I W W WM M OB WM W B B LW
- [l

a—lactalbumin & TU* phosphorylase bHHED INIVIERTFRERT . FWFRDORTE—HD
REHIE1:2THY ., EFNELTERELZHRLEBN—EERLT -,

M7 ®7VEEHE WHES) To—F
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FlEREst Mascot Search Results

User

Email

Search title

IS data file b -H and Setti \1204.77PSD.txt
Datahaze : ISDB 20030326 (1721490 sequences: 334336810 residues)
Taxonomy : Chordata (vertebrates and relatives) (333388 sequences)
Timestamy : 31 Mar 2005 at 05:48:06 QT

Signiticant hits: LZCH 1lysozyme (EC 3.2.1.17) c precursor [validated] - chicken
Probability Based Mowse Score

fons score is -10*Log(P), where P is the probability that the observed match is « random event.
1 ions scores > 36 indicats identity or extensive homology (p<0.05).
Protein scores are derived from fons scores as & non-probabitistic basis for ranking protein hits.

funber of Hits
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