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Abstract. Myofibrillar extracts from bovin@usculudong- dehydrogenase and TNT (16—31) could be separated by HPLC
issimus dors{MLD) were subjected to SDS-PAGE, electrob- and identified by Edman degradation. Both fragments were
lotted and fragments of the 30 kDa band determined by interfound to increase with ageing and might become useful indi-
nal and N-terminal Edman sequencing, giving unequivocatators of meat quality. After HPLC separation and structure
proof, troponin-T (TNT) to be the origin of this band. Basedelucidation of MLD HCI extracts, fructose—biphosphate al-
on the N-terminal primary sequence of the 30 kDa band, &olase, creatine kinase, glyceraldehyde-3-phosphate dehydro-
peptide with high antigenic sites was synthesized, conjugatgenase and myoglobin could be identified, further potential
ed to keyhole limpet hemocyanin (KLH), antibodies were candidates to correlate their quantitative appearance with meat
generated and an enzyme-linked immunosorbent assay (ELfuality. These peptides and proteins, found in soluble meat
SA) was developed for the determination of TNT concentra€xtracs, can be analyzed in an automatic, rapid, convenient
tions in meat samples. For routine determinations of meatway either by immunoassay methods, capillary electro-
quality markers it seems more convenient to analyse solublphoreses or HPLC, for sure preferable compared to the tedi-
meat extracts, produced by trichloroacetic acid (TCA) or HClous, inconvenient, time-consuming method of SDS-PAGE,
treatment. In the supernatants of TCA-treated MLDs, promi-also not suitable for automation.

nent peptide fragments from glyceraldehyde-3-phosphate

Conversion of muscle tissue to meat, including tenderiphoresis, respectively [2—7]. In particular, the disap-
zation, is a complex process. As the consumer consigeearance of troponin-T and the concomitant appearance
ers meat tenderness to be the most important criterioof 28—-32 kDa proteins seem to be good indicators of
for meat quality, this conversion should be elucidatedyost-mortenproteolysis. However, the origin of the 30
on a biomolecular basis. With such a biochemical backkDa fragments was speculative and not determined on
ground, specific sensitive analytical tools could be dea structural basis [8—10]. Therefore, we recently ap-
veloped which would correlate physicochemical paraplied the technique of internal microsequencing to pro-
meters with the degree of tenderness. vide for the first time unequivocal proof for the origin
Various events take place at the level of the myofi-of the 30 kDa protein [11]. The 30 kDa protein trans-
brils which have been correlated with meat tendernesgerred to ProBlott and Immobilon membranes was di-
These includeZ-disk weakening [1], degradation of gested with trypsin, the peptide mixture separated with
desmin or titin, leading to fragmentation or weakeningHPLC, selected peptides isolated and sequenced. Eight
of myofibrils, the disappearance of troponin-T and si-peptides, varying from 5 to 13 amino acid residues, dis-
multaneous appearance of 28—32 kDa proteins or dglayed between 50 and 100% homology to rabbit tro-
tection of a 110 kDa protein fragment, as monitoredponin-T, according to our protein homology search. As
thoughout the conditioning period by electron micro-SDS-PAGE operations are tedious, inconvenient and
scopic studies and SDS polyacrylamide gel electrotime-consuming, we suggest in this communication

J. Prakt. Chen00Q 342, No. 2 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000 1436-9966/99/3410X-179 $ 17.50 + .5A/@9



FULL PAPER W. Voelteret al

quantification of meat quality markers applying immu- for 10 min. Aliquots of the supernatant were prepared and
noas-says, high performance liquid chromatographyrozen at—20 °C.

(HPLC) or capillary electrophoresis (CE), allowing high , ,
sample throughputs and suitable for automation. ~ SDS-PAGE Electrophoresis and Electroblotting

SDS-PAGE of the samples to be prepared for electroblotting
was carried out according the method of [13], using a 3.0%

Experimental stacking and a 15% separating gel. High range SDS-PAGE
protein standards (BIO-RAD, Munich, Germany) were used
Preparation of Samples as molecular weight markers. Separation was run over 4 hours

at a constant voltage of 165 V (Consort E 831 power box,
Delmar, CA, USA). The resulting protein bands were elec-
Sections oMusculud_ongissimus dorgMLD) were excised  troblotted onto a polyvinylidene difluoride (PVDF) membrane
from Hereford cross heifers at 2gbst-mortenand aged at  (ProBlotf™™ from Applied Biosystems, Weiterstadt, Germa-
3+ 1°Cfor 2,7 and 14 days. The muscle was trimmed of fahy) using the method published in [14]. Transfer was achieved
and connective tissue, and finely chopped. Meat samples atsing 0.M CAPS (3-[cyclohexylamino]-1-propanesulfonic
placed in capped tubes, frozen in liquid nitrogen and stored atcid) buffer, pH 11, with 10% methanol and a constant power
—70 °C. Myofibrillar proteins were extracted from these sam-of 20 V over night (approximately 16 hours). PVDF blots
ples using the method developed by Wang [12]. were stained with Coomassie Blue G dye (Sigma, Deisen-
The freeze-dried myofibrillar proteins were concentratedhofen, Germany) and destained with 200% methanol followed
further by dissolving them at a concentration of 4.33 mg/mLby 50% methanol, washed in destilled water and dried in air.
of 0.5v Tris, pH 6.8, vortexing and mixing overnight. The
samples were centrifuged at 8.72@ for 5 min and 1.5 mlof  High Performance Liquid Chromatography
the supernatant was freeze-dried. The residue was resuspendeg

in approximately 150 pl of sample buffer for SDS-PAGE. Samples, collected after TCA and HCl extraction, respectively,
were separated by reversed-phase high performance liquid

chromatography (RP HPLC). The HPLC system (Eppendorf,
Hamburg, Germany) consisted of two Model BT 810 pumps
Hereford cross heifers were slaughtered conventionally, th@ith a controller for gradient programming and a Rheodyne
MLDs excised from the carcass at fidst-mortenand stored  injection valve BT 8121 with a 500 pl loop. The separations
at 4 °C for 14 days. At 1 h, 1 d, 3 d and 1gast-mortem  were carried out on LiChrospher 100 RP-18 (5 um; 250 mm
MLD samples of approximately 60 g weight were excisedx 4 mm i.d.; Merck Eurolab GmbH, Darmstadt, Germany) or
and extractions carried out at 4 °C as follows: All exposed\ucleosil 100 RP-18 (7um; 250 mm x 10 mm i.d.; Mache-
surfaces were removed from the MLD, 50 ml of distillg®H  rey-Nagel, Diren, Germany) columns with sOATFA(tri-
added to 25 g of meat and homogenized in an Omni mixefluoroacetic acid)/CHCN gradient system. More detailed
(Omni International, Waterbury, Connecticut, USA) as fol- chromatographic conditions are given in the legends of the
lows: 30 sec at speed 4, then 15 sec rest period and finally 3Qures. After collection, the peptide fractions were lyophi-
sec at speed 4. The blades of the Omni mixer were scrapgided and further analysed by mass specrometry and automat-
down to include all connective tissue in the homogenate. Thefg Edman sequencing.

8.33 mL of 50% TCA were added to this homogenate to bring

the final trichloroacetic acid (TCA) concentration to 5%. The sequencing Analysis

homogenate was mixed well, transferred to a centrifuge tube

and subsequently spun at 2958 x g for 30 min in a MistraAutomated Edman degradation was performed using an Ap-
3000 centrifuge (Crawley, Sussex, England). The supernaplied Biosystems pulsed liquid sequencer model 473A (Weit-
tant was filtered through cheesecloth X 8, divided into alig-erstadt, Germany) with on-line analysis of the phenylthio-
uots in 1.5 mL Eppendorf tubes and 5 mL screw top tube$iydantoin (PTH) derivatives. The electroblotted protein bands

For Electroblotting

For Trichloroacetic Acid Extraction

and stored at —20 °C. of interest were excised from the PVDF-blotted membrane
using a razor blade. The membrane pieces were activated by
For HCI Extraction wetting in 100% methanol, followed by 20% methanol. The

membrane pieces were washed with distilled water, cut into
5naller pieces and inserted into the slot of the sequencer car-
ridge. The sequence of the unknown protein was read by
comparing the HPLC chromatograms of standard PTH-deri-
vatized amino acids with those produced by sequential Ed-
. man degradation of the blotted protein fragment. Depending
For TBS Extraction on the results obtained, 20—30 Edman degradation cycles were
Whole muscle samples from bovine MLD were frozen in li- used. For sequence determination of peptides and proteins
quid nitrogen and homogenized in a steel waring blendor (Nevisolatedvia HPLC from meat samples after TCA or HCI ex-
Hartford, Connecticut, USA), followed by homogenisation traction, approximately 50—200 pmol sample were applied
in Tris-buffered saline (TBS) buffer, pH 8.0 (Sigma, Deisen-on the cartridge filter, previously treated with polybrene, as
hofen, Germany; 0.2 g/20 mL), and centrifugation at 8 720 x ¢gdescribed in [15] and [16].

In a similar way, HCI extracts of MLD samples were pre-
pared except that 25 g of meat samples were homogeniz
with 50 ml of 0.0& HCI, and then 8.33 mL of water were
added to the homogenate.
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Laser Desorption Mass Spectrometry were removed within 3 h at room temperature from the resins
under simultaneous cleavage of the amino acid side chain-
8rotecting groups using a mixture of TFA/thioanisol/anisol/
isburg, Germany) was applied, as described in detail in [17 ater/triisopropylsilane. The mixtures were filtered, washed
; . . with TFA and the combined filtrates precipitated with anhy-
and [18]. The peptide sample (0.2 pL) was mixed Wlthdrous ether. Desalting was performed by gel chromatography
0.3 pL of matrix solution and applied on the sample slide. nd 5% acetic acid elution on a TSK-HW 40 S column (100

The droplet was allowed to dry and then the target was Ioacﬁ] ; ;
7= : . m x 1.6 mm i.d.; TosoHaas, Montgomeryville, PA, USA
ed for analysis into the instrumemk:Cyano-4-hydroxycin- nd further purification was performg'da HF?I/_\éZ and a Nu- :

namic acid from Sigma (Deisenhofen, Germany), dissolve . : "
in 70% acetonitrile and 0.1% TFA in water, was used as ma_leo—sn 100 C18 column. Further chromatographic conditions

trix. The concentration of matrix ranges between the point ofé‘cr)?ng'c\)/ﬁ: dlsnvxfgfe Icegri?g"seéobth:ngiql:ir cez;.HTgLeCpalljr:gl'?hse?;thc?
saturation and one third of that concentration. P y y

tures confirmed by LDMS.

For mass determination, a laser desorption mass spectrom
ter (LDMS; Kratos Kompact MALDI ) from Shimadzu (Du-

Capillary Electrophoresis . o . .
piary P Production of Polyclonal Antibodies against Synthetic Pep-

Capillary electrophoretic separations were performed on aide Fragments of Troponin-T

Bio-Rad (Munich, Germany) BioFocus 3000 CE system,

equipped with an automatic constant volume sample injecThe synthetic peptides, rabbit TNT (34—629.[ the 30 kDa
tion system, a temperature control system for the capillarysequenced fragment] and bovine TNT (16—3%),[the bo-
sample and fraction collection compartment, a high sensitivvine TNT soluble fragment] were coupled to an equal amount
ity fast-scanning UV-VIS detector with wavelength program- of soluble keyhole limpet hemocyanin (KLH, Sigma, Deisen-
ming and a dedicated computer system with a Microsoft winhofen, Germany), dissolved in @ Jphosphate buffered sa-
dows interface. During all runs, the capillary and the sampldine (PBS), pH 7.2, (Sigma, Deissenhofen, Germany), using
compartment were cooled to 15 °C. For more experimental 00—200uL of 0.3% glutaraldehyde (Sigma, Deisenhofen,

details see [19 — 22]. Germany) as linking agent. The reagents were allowed to re-
act for 2—3 hrs at room temperature under continuous stir-
Search for Protein Homologies ring and unreacted glutaraldehyde was further blocked with

] ) ) ) 1m glycine. The mixture was dialysed against 1 L of PBS or
Comparison of the sequences obtained with protein and DNAyorate buffer, pH 8.5, over night at 4 °C according to the
derived protein sequence databases was carried out using Rfethodology previously described [28]. Two male white New
on-line connection to the European Molecular Biology Labo-zea|and rabbits received primary immunizations by subcuta-
ratory (EMBL, Heidelberg) and MEDLINE links with the  neous injections of 0.5 mg of TNT (34—62) or TNT (16—31),

BLAST databaseia the Internet. emulsified with complete Freund’s adjuvant per rabbit per
L o immunization, as described in [29]. Antisera were collected
Antigenic Site Prediction 7-10 days after the third and subsequent immunizations,

A computer program, developed by [23], integrating hy- boosters carried out at 4-week intervals.

drophilicity (H), surface probability (S), backbone flexibility

(F) and secondary structure (CF: Chou-Fasman; GR: GarnFLISA Protocols

er-Robson) parameters, is used to predict potential antigeni€yy the development of the relevant immunoassays, indirect
sites of peptides and proteins and applied as described in dgt |SAs were set using two protocols [30]:

tail by Voelteret al [24 — 26]. Protocol . Flat bottom 96-well EIA plates were coated with
) 100-0.1 ng/well of the respective peptide used for immuni-
Peptide Syntheses zations,i.e., TNT (34-62) or TNT (16—31), and with the

The peptides were produced by the solid phase method usiw\known samples serially diluted (1:1 to 1:10 000) in coat-
an Eppendorf (Hamburg, Germany) ECOSYN P automatidnd (carbonate pH 9.6) buffer. Plates were incubated over night
batch synthesizer [27]. Briefly, the synthesis started with@t 4 °C and subsequently washed and blocked (1 h at 37 °C)
1.0 mmol¢N-Fmoc-protected aminoacid residpésenzyl-  With Tris-buffered saline (TBS) containing 3% milk (M-TBS).
oxybenzyl alcohol resins, respectively, (Bachem, SwitzerAnti-TNT (34—62) or anti-TNT (16-31) (diluted 1:10 000
land), provided with a loading of 0.6 mmol/g. Theamino  in M-TBS; 100 ulL/well) were added and incubated for 2 hrs
functions of all amino acids used were protected by the flut 37 °C. After washing with M-TBS, the secondary antibody
orenylmethoxycarbonyl (Fmoc) group. The couplings were(Ab; donkey or goat anti-rabbit total IgG-horseradish perox-
performed using a fourfold excess in protected amino acidélase [HRP] conjugate; diluted 1:1,000 in M-TBS; 100 uL/
and coupling reagent (0.13 g TBTU (2Hbenzotriazole-1-  Well) was added, followed by incubation (1 h at 37 °C), wash-
yl)-1,1,3,3-tetramethyluronium tetrafluoroborate) plus 1.2 mling with M-TBS and finally with TBS. As substraiephe-
diisopropylethylamine (DIEA; 12.5% solution in DMF). Be- Nylenediamine dihydrochloride (OPD; diluted in phosphate-
fore coupling the protected amino acids, the Fmoc group§itrate buffer, pH 5,0, (Sigma, Deisenhofen, Germany);
were removed from the amino acid and peptide resins, rel00 HL/well) was used. After 20 min incubation at ambient
spectively using 25% piperidine in DMF. Double couplings témperature, the reaction was terminated wNrHEI and
were performed for Fmoc-GIn(Ttr)-OH and Fmoc-lle-OH. the absorption read at 490 nm.

After cleavage of the N-terminal Fmoc group, the peptidesProtocol II. Similarly, coated EIA plates were incubated at
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37 °C for 1 h and over night at 4 °C. After washing with PBS,bodies with a synthetic fragment could be produced,
blocking was performed with PBS-Tween 20 (0.1%)- bovinesyitable for immunostaining experiments and develop-
serum albU”(‘gSOVSQO)V'&% serum a?lgurg” 1(ggp‘i_/l%)lI)Orfblo'ment of an enzyme-linked immunosorbent assay (ELI-
vine serum (53, 97 min at 37 °C; 150 pL/wel)), fol- ga)y one prerequisite for the formation of sensitive an-
lowed by PBS-Tween 20 washing. The primary Ab (diluted i, jie.q js “however, the synthetic fragment should pro-

1:10000 in PBS-Tween 20-BSA or BS; 100 pL/well) was id t with a hiah anti ic index 241, 1
added and incubation continued for 90 min at 37 °C. Well/ide @ segment with a high antigenic index [24]. Immu-

were washed again with PBS-Tween 20, the same secondaPStaining with specific antibodies against the 30 kDa
antibody-HRP conjugate as in protocol | was added (dilutedf@gment would allow us to discover changes in the skel-
1:1000 in PBS-Tween 20-BSA or BS; 100 pL/well), followed €tal muscle tissue, caused by modification of the tro-
by incubation (1 h at 37 °C) and washing with PBS-Tween 2(onin-T structure. A specific and sensitive ELISA would
and a final wash with PBS. The steps to follow were the samallow rapid, quantitative determination of troponin-T and
as previously described. its 30 kDa fragment in meat extracts for correlation stud-
ies with meat tenderness. This type of test would pro-
vide many advantages over the current more cumber-

Results and Discussion some SDS-PAGE method.
Elisa Development against the N-Terminus of the f Beforet startln? Wlltl:[] tg?hsynﬂl_eSIS _of_tl:je trogJonlr:j-T
30 kDa Fragment ragment, we calculated the antigenic index, based on

its primary sequence. Hydrophilic peptide segments,
Antigenic Site Predictions for the Troponin-T 30 kDaCalculated according to [31], fragments with high side
Fragment chain _solvent agcces&tyhty, predicted according to [32],

] _ _ and highly flexible regions, calculated from X-ray dif-

Besides selected bovine troponin-T fragments, detefraction-derived B factors [33], are known to be poten-
mined by internal microsequencing [11], we succeedega| antigenic and immunogenic sites. However, as none
in the meantime to sequence the N-terminus of thef these programs has the ability to predict accurately
30 kDa fragment by insertion of the correspondingenough the localization of antigenic sites in proteins,
PVDF-bIOtted membrane ple(_:es into the slot of the Se[23] deve|0ped a Computer program to calculate poten-
quencer cartridge (see Materials and Methods), and th@| antigenic determinants directly from the primary
results of the first 21 Edman degradation cycles coulymino acid sequence of polypeptides and proteins inte-
be evaluated unequivocally, yielding as primary seyrating hydrophilicity (H), surface probability (S), back
quence EVHEPEEKPRPRLTAAPKIPE (Scheme 1).hone flexibility (F) and secondary structure (CF: Chou-
Aligning the 30 kDa fragments, identified by N-termi- Fasman [34]; GR: Garnier-Robson [35]) parameters,
nal as well as internal sequencing (Scheme 1), the priased on the following equation:
mary structure of a N-terminal 29 amino acid residue
troponin-T fragment could be identified, showing almost N
90% homology to the known rabbit skeletal muscle tro-A; = Z 0.3 (H) + 0.15 (S)) + 0.15 (F)) + 0.2 (CF) + 0.2 (GR)

ponin-T sequence. Based on this result, specific anti- i=1
1 10 20 30 40 50 60 70
Rabbit troponin T SDEEVEHVEEEAEEEAPS-PAEVHEPAPEHVVPEEVHE- EEKPR-KLTA-PKIPEGEKVDFDDIQKKRQNKDLM............
34 62
Synthetic troponin T EVHE-EEKPR-KLTA-PKIPEGEKVDFDDIQK
16 31
Bovine soluble fragment AFPPAEV PE MEEVH
34 54
Bovine 30 kDa fragment, EVHEPEEKPRETAAPKIPE
identified by N-terminal sequencing
35 43 52 57
Bovine 30 kDa fragments,
VHEPEEKPR IPEGEK
identified by internal sequencing
58 65
VDFDDIQK

bold characters = insertions
italics = substituted residues

Scheme 1Comparison of the N-terminal primary structure of rabbit skeletal muscle troponin-T with bovine fragments, iden-
tified by sequence analysis
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whereby CF= GR = 2 for strong turns, GE GR =1  est antigenic index values are found around residues 8,
for weak turns or random coil structures and€6R 9 and 17, 18, based on positive values for the hydrophilic-
= 0 for a-helix or 3-sheet segments. ity, surface probabilility, flexibility angs-turn parame-

Based on a computer plot of the total rabbit troponinters at these positions. Figure 2 shows a Chou-Fasman
T sequence (data not shown), the segment 34—6aot of the troponin-T segment 34—62 (1-29) with
(Scheme 1) with the following primary structure wasmarked (by octagons) regions of a high antigenic index.
selected1GYEVHE-EEKPROKLTAPKIPEG2°EKVD  The plot predicts an-helical segment at the N-termi-
FDDIQ?9(62K . A survey of the hydrophilicity (H) sur- nus, twoB-turns (positions 8, 9 and 17, 18) and other-
face probability (S), flexibility (F), antigenic index (Ai) wise random coil structure for the 29 amino acid resi-
and secondary structure plots is shown in Figure 1. Highdue peptide.

Residue Number 1 10 20 29

taolasbunhanduslocdmdasdusdndonbobdandonloalnnbuslasdontantonbootantamboaduntond

5.
H Hydrophilicity 0
5.0

10.0

Surface Prob. 00 l/\

12
Flexibllity % —_ e

Jameson-Wolf 1

(Antigenic Index)

1.7

CF Turns TN
CF Alpha Helices
CF Beta Sheets
GOR Turns

GOR Alpha Helices

GOR Beta Sheets
Glycosyl. Sites

e LT LY LT OO A I FEC ST (VU CRC T U ST R RO TLEE SR TUCH LU CCC SULL S LU L AU D |

Residue Number 1 10 20 29

Fig. 1 Hydrophilicity (H), surface probability (S), flexibility (F), antigenic index (Ai), Chou-Fasman (CF) and Garnier-Os-
guthorpe-Robson (GOR) plots, generated from the troponin-T fragment 34-62 (1-29) of the following primary structure:
1B9EVHEEEKPRY%KLTAPKIPEG2°E KVDFDDIQ29(62K

12 b , Synthesis of Troponin-T Fragme3#—62
BN \j ¢ v According to the results received from the antigenic in-
dex plots (Figures 1, 2), the troponin-T segment 34—62
8 should be indeed a peptide fragment, suitable for the

development of specific antibodies, recognizing the se-
lected segment as well as the parent protein, as we could
demonstrate in the past in connection with the develop-
ment of specific immunoassays for quantitative deter-
minations of thymosirg, [36], thymosing, [37, 38],
transmembrane glycoprotein gp41 env [39], human re-
laxin [40] or immunostaining experiments Bithy-
mosins [41, 25].
1819 30 21 23 23 24 25 6 27 25 29 In our laboratory, solution [42], as well as solid phase
A A A coon [43— 45, 26] peptide syntheses are well established for
Fig. 2 Chou-Fasman secondary structure plot of the tropon-many years, and improved, hlghly_ efficient strategies
in-T fragment 34-62 of the following primary structure: aré available. The advantage of solid phase compared to
1349EVHEEEKPRKLTAPKIPEG2oEKVDFDDIQ2(62K,  the solution method is that the side chain-protected pep-
High antigenic index segments are marked by octagons; tide can be synthesized automatically on a solid support
a-helix, C :Bturn, A : random coil structure and no intermediate, but only final step purification of

9 101712 1314 45 16
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the desired product is necessary. If mg to g quantities Q| 3404.4 (+1)
the desired peptide are sufficient, as it is the case for |
antibody production, solid phase synthesis is the most
rapid approach to produce the desired target molecule. |
Applying our experience over the last decade in peptide
chemistry, the troponin-T 34—62 sequence was syntheso 1
sized as follows: The most convenient strategy is to pro-
tect thea-amino functions temporarily by the Fmoc
group, cleavable during the synthesis under mild basic J

conditions,e.g. 25% piperidine in DMF. Under these
conditions, the side chain protecting grouggst{butyl
(Bu-t) for Asp, Glu, Thr, trityl (Trt) for His, Glntert-
butyloxycarbonyl (Boc) for Lys and 2,2,5,7,8-pentame- - _ .
thyl-chroman-6-sulfonyl (Pmc) for Arg) are not cleaved Fig. 4 MALDI spectrum of purified synthetic troponin-T 34—
and removed after completion of the synthesis with TFAS2 peptide fragment. Wavelength: 337 nm. Matmbcyano-
advantageously in the presence of scavangers. With thig"Ydroxycinnamic acid

step, the assembled peptide is simultaneously cleaved

from the solid support. Scheme 2 shows the structure der cleavage of the deprotected peptide from the resin,
the protected troponin-T fragment 34—62, attached téhe crude material was purified by gel chromatography
the p-benzyl-oxybenzyl alcohol polystyrene resin. Af- and reversed-phase HPLC, as described under Materi-

L.

2500 3500 ' 4500
Mass/Charge

1 5 10
Fmoc - Glu(OBY -Val - His(Trt) - Glu(OBY) - Glu(OBU) - Glu(OBU) - Lys(Boc) - Pro - Arg(Pmc) - Lys(Boc) - Leu - Thr(OBu Ala - Pro -

15 20 25 29
Lys(Boc) - lle - Pro - Glu(OBu- Gly -Glu(OBU) - Lys(Boc) - Val - Asp(OB{) - Phe - Asp(OBf)i - Asp(OBU) - lle - GIn(Trt) - Lys(Boc) - resin

Scheme 2 8ucture of the protected troponin-T 34—62 segment, synthesizeg-drerzyloxybenzyl alcohol polystyrene
resin (Bl = tert-butyl, Trt = trityl, Boc =tert-butyloxycarbonyl, Pmc = 2,2,5,7,8-pentamethylchroman-6-sulfonyl)

16.758 als and Methods. The high purity of the final product is
' demonstrated by the HPLC profile and LDMS spectrum,
shown in Figures 3 and 4, respectively.

Specificity of Antibodies, Generated against the Syn-
thetic TNT 34-62 Fragment

The antibodies generated against the synthetic TNT 34—
62 fragment, spanning the amino acid sequence of rab-
bit TNT 34—62, were tested in ELISA an. Using the
first protocol (protocol I in Materials and Methods), the
useful range of the assay, as obtained from the standard
curve, was 10—100 ng of TNT 34—-62 (Figure 5).

A similar standard curve was obtained using protocol

Absorbance at 214 nm

) Il, as described in Materials and Methods. Concerning
the specificity of the generated antisera, four known
Time (min) standard proteins (BSA, ovalbumin, ribonuclease and

Fig. 3 HPLC profile of purified synthetic troponin-T 34-62 aprotinin) were tested and no cro_ss-reactlon Wlth. any of
peptide fragment. Column: Nucleosil 10,250 x 20 mm, them was observed, even at h'gh concentrations of
7 um; Macherey-Nagel, Diren, Germany). Gradient: 5—909 M9/mL (data not shown). In a first series of meat sam-
B in 31 min; A: 0.05% TFA in KO; B: 60% CHCN, 0.08% ple preparations, extracts containing SDS were analyzed,
TFA in H,O. Flow rate: 1mL/min. Detection: UV at = however, strong disturbance of the assay was observed
214 nm due to the presence of the detergent. As Tris-buffered
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E 4 ing changes of free amino acids and oligopeptides dur-

8 il ing beef storage [46, 47].

¥ 3 +m..1:.r'r:'rm

g, Investigations on Soluble TCA Meat Extracts

£ 1 HPLC Profiles of Soluble TCA Meat Extracts

< From 3 Hereford cross heifers, slaughtered, hung con-
0 ceptionally at 1 Ipost-mortemthe M.longissimus dor-
100 500 100 S0 10 5 1 si (MLD) were excised, stored at 4 °C and samples tak-

Antigen difution in ng/mi

en from each of 8 different locations along the muscles
Fig. 5 Standard curve of troponin-T 34—62. EIA platesweregt 1 h, 1 d, 3 d and 15 d, treated with 5% TCA and the
coated with 1 ng to 1 ug of peptide. Anti-troponin-T 34-62, components of the supernatants further separated by

and pre-immune serum were used at a dilution of 1:10 00Q,p) ¢~ ‘gesjdes low molecular weight components, elut-
Monoclonal anti-troponin-T (m. anti-TNT; Sigma) was used '

at 1:200. Assays were performed as described in Ma’[eria?d at low retention time, 4 proml_nent peaks are obse_rved
and Methods In the chromatograms, increasing with muscle ageing,

and, therefore we suggest these components to be use-

saline (TBS) is used as a reagent in both ELISA procéll indicators of meat quality [48]. For demonstration,
dures (protocol | and 1l), TBS-extracted meat sample§igure 6 shows the HPLC profiles of TCA-soluble ex-
were prepared and tested (for experimental details sdeacts of a beef sample after storage for 3 and 15 days.
Materials and Methods). Three different bovine MLDs
(0.2 g), after storage at 24 h, 7 d and 21 d were homod
enized in 20 ml TBS buffer and the supernatants ang F
lyzed by the ELISA. In all three samples the highests
amount of cross-reactive material as expressed in trd
ponin-T 34—62 equivalents was detected after 24 h sto&
age (average value of 23 ng/mL), decreasing 4- to 83
fold after storage for 7 days and 21 days, respectively:
The antibodies generated against the N-terminus of the |
30 kDa troponin-T 34—62 fragment, should cross-react
with the synthetic sequence ( as proven by the standard
curve), with the 30 kDa troponin-T protein, with tro-
ponin-T itself and also with fragments containing anti-
genic sites of the synthetic sequence. The decrease in
cross-reactive material with storage time of the TBS-
extracted meat samples is in contrast to the increased 3d
appearance of the 30 kDa band. This observation can be Blank
explained possibly by the presence of protein fragmentsL
with troponin-T 34—62 segments which are degraded
after longer storage. However, further systematic stud- 0 20 40 60 Time (min)
ies are needed to correlate these ELISA values with pgig. 6 HPLC profiles of TCA-soluble extracts of beef sam-
rameters of meat quality. ples after storage for 3 and 15 days (d), respectively. 400 pL
of the extracts (mainly salts, free amino acids and peptides)
Meat Quality Markers from Soluble Meat Extracts were injected directly into the Rheodyne valve. Column: Li-
Chrospher RP-18 (250 x 4 mm; 5um; Merck, Darmstadt).
SDS-PAGE profiles of sarcoplasmic proteins are com&radient: 0 to 70% B in 60 min; A: 0.1% TFA in® B:
monly used for evaluation of meat tenderness. Howey80% CHCN, 0.1% TFA in HO. Flow rate: 1.0 mL/min.
er, this operation is tedious, inconvenient, time-consumP€tection: UV a = 214 nm
'Sr:g ;r:grgg: ﬁldltr:lt? elfsfg; :;rtr?g? : stl,olf:blig, g)gt;:% ?rr;?xﬁtructu;e Determination of Prominent Soluble Compo-
noassay procedures are much better suited, as fully afjents o TCA Meat Extracts
tomated systems are already commercially availableAfter collection of fractions 1-5, lyophilisation (Figure
However, these methods yield reliable results only, i6), sequencing and LDMS analysis, fractions 1 and 2
meat quality indicators are provided in solution. Therewere found to be free amino acids (Tyr and Phe, respec-
fore, we concentrated in the last months on analyzingvely). In fraction 3, a fragment of glyceraldehyde-3-
supernatants of TCA- and HClI-treated samples concerphosphate dehydrogenase (KVVKQASEGPLK

15d
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(12AA)), in fraction 4, a fragment of troponin-T (APPP- the intensities of the SDS-PAGE spots of the 30 kDa
PAEVPEVHEEVH (16AA)) and in fraction 5, a frag- band (data not shown). For quantitative determination
ment of creatine kinase (DPIIQDRHEGFKPTDKHK- and correlation with meat qualigg. via HPLC, CE or
TDLNHENLKGGDDLDPNYVLS (39AA)) with  immunoassays, the soluble TNT fragment is far better
chains lengths of 12, 16 and 39 amino acid residuesuited than the insoluble 30 kDa fragment, and there-
respectively, could be identified. fore specific antibodies were developed, as descibed in
From supernatants of TCA-treated beef samples, [49%he following section. Besides TNT (16—31), soluble
a troponin-T segment was isolated by HPLC and identifragments of glyceraldehde-3-phosphate dehydrogenase
fied which is in coincidence with the structure of ourand creatine kinase were identified, also in increasing
fraction 4 except for the C-terminal histidine residue [47],quantities with muscle ageing; their appearance and cor-
overlooked by the Japanese laboratory, and eventualkglation with meat quality is a matter of further investi-
of importance for development of specific antibodies.gations.
Comparison of the overlapping sequences of the C-ter- _ _
minus of the soluble bovine troponin-T fragment with SyNnthesis of Troponin-T Fragment 1631
the N-terminus of the 30 kDa troponin-T fragment (Fig- Sequence comparison of the bovine TNT 16—31 pep-
ure 1) furthermore confirms our results. tide segment, isolated as fraction 4 (Figure 6) from TCA
As mentioned in the introduction, quite a number ofmeat extracts, with that of rabbit troponin-T reveals
changes have been observed during post-mortem stqiScheme 1) that its N-terminal alanyl—prolyl residue is
age of meat, some of which could be correlated withidentical with position 16 and 17 of the rabbit protein.
meat tenderness. One of the most noticeable is the difurthermore, it overlaps with its 3 C-terminal amino acid
appearance of the TNT and a simultaneous appearangesidues with the N-terminus of the 30 kDa fragment,
of a 30 kDa band as observed by SDS-PAGE [2, 3, 4dentified by N-terminnal sequencing [11]. As the con-
11, 47, 49, and references quoted therein]. As describeskntration of the soluble TNT 16—-31 fragment in the
in the beginning of this communication, we unequivo-TCA extracts seems to be a potential marker for meat
cally determined the 30 kDa band to be a fragment ofjuality, development of an ELISA for its routine deter-
TNT via Edman degradation of the electroblotted pro-minations would be of interest. From the antigenic in-
tein band. Surprisingly, we could identify in TCA-solu- dex plot, calculated from hydrophilicity, surface proba-
ble meat extracts another TNT fragment (16—31), thaility and flexibility parameters, it becomes obvious that
quantity of which is increasing with storage of meat (Fig-throughout its sequence positive values are predicted
ure 6, fration 4), as also observed in a similar way foFigure 7).

Residue Number 5 10 15
‘ ' ' s { ' « ' ¢ ! r ‘ ' ¢ 1
5.0
H Hydrophilicity5 o —

10.0

Surface Prob. 0.0 e
Flexibility e e e T T e e
1.7
Jameson-Wolf - ——————— —

(Antigenic Index)
A7

CF Turns

CF Alpha Heli _—
CF Beta Sheets

GOR Turns

GOR Alpha Heli T
GOR Beta Sheets

Glycosyl. Sites

) ! ) ! | . . ; . . . . . . |
Residue Number 5 10 15

Fig. 7 Hydrophilicity (H), surface probability (S), flexibility (F), antigenic index (Ai), Chou-Fasman (CF) and Garnier-Rob-
son (GOR) secondary structure plots, generated from the solouble troponin-T fragment 16 —31 (1-16) of the following prima-
ry structure: A(1(16))PPPPAE(10)VPEVHEEVH(16(31)
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1 5 10
Fmoc - Ala - Pro - Pro - Pro - Pro - Ala - Glu(OpuVal - Pro - Glu(OBY - Val -

16
His(Trt) - Glu(OBU) - Glu(OBuU) - Val - His(Trt) - resin

Scheme 3Structure of the protected troponin-T 16-31 (1-16) segment, isolated from meat TCA extracts and synthesized on
ap-benzyloxybenzyl alcohol polystyrene resin (Btert-butyl, Trt = trityl).

Therefore, the peptide was synthesized according tg #

the Fmoc strategy as discussed above, using side chajn paiiianl
protecting groups as given in Scheme 3. The high purity 3 [Bxigtihens

of the final product is demonstrated by a single HPLCS ,
fraction (Figure 8) and its LDMS-spectrum, showing &
one peak atVz1731.2 [MH]. The purified peptide was
used for antibody development as described in Materi

als and Methods. 0
1000 500 100 50 10 5 1

Antigen dilution in ng/ml

1

' Abso

17.755 Fig. 9 Standard curve of troponin-T 16—31. Anti-troponin T

16—36 was used at a dilution of 1:10 000. Further details see

produced antibodies against troponin T 34—62 do not
recognize the troponin-T 16—31 sequence (Fig. 5). Us-
ing this assay, 3 fractions (marked peaks 3, 4 and 5; Fig-
ure 6) isolated after HPLC analysis of the soluble ex-
tract were analyzed. As expected and in coincidence with
the data available through protein sequence analysis,
cross-reactive material was detected only in fraction 4,
—»L————J although the levels measured were low (7 ng troponin-
T 16-31 equiv./mL), possibly due to the low concentra-
Time (min) tion of the soluble material contained in the sample.

Analysis of TCA extracts revealed higher levels (by 2-

Fig. 8 HPLC profile of purified synthetic troponin-T 16—31 fold) of cross-reactive material on day 15 as compared

(1-16) fragment, isolated from TCA meet extracts. Column: ; I
Nucleosil 100 G, (250 x 20 mm, 5 pm; Macherey-Nagel, to day 3, whereas marginal levels were detected in 1

Diiren, Germany). Gradient: 5-90%B in 36 min; A: 0.35% ga?/ and 3-hours samples. The HCl extract analysed (see
TFA in H,O; B: 60% CHCN, 0.29% TFA in HO. Flow rate: elow) contained no troponin-T soluble fragment and
1mL/min. Detection: UV ad = 214 nm TBS extract analysis is in progress. It should be pointed
out that the main advantage of such samples in our as-
say is the use of volatile agents like TCA or HCI for the
ELISA Development against the Soluble Troponin-T 16 muscle extract preparation and the complete lack of SDS
31 Fragment in the whole process, the latter routinely used in the prep-

Polyclonal antibodies generateth rabbit immuniza-  aration of myofibrilar proteins and whose presence in
an immunoassay is strictly prohibited.

tions against synthetic troponin-T 16—31 were used fo
ELISA development. Thi resented high it~ . .
i citysfordtﬁ eeTOI\IIJT 56 '[_3 1 ps e?a?iz?ayveitﬁsg utsee(i‘ul ?anZ%eSfCaplllary Electrophoresis of Soluble TCA Meat Extracts
5-50 ng troponin-T 16—31 equivalents/mL (Fig. 9). NoMinimal sample and buffer requirements in combina-
cross-reaction with high concentrations of known protion with rapid and efficient separation made capillary
teins (data not shown) was observed. Additionally, neelectrophoresis (CE) one of the most attractive tools for
cross-reaction was found with the troponin-T 34—62he analysis of biopolymers like peptides, proteins, gly-
peptide, demonstrating that these antibodies do not receproteins or oligonucleotides, as several selected ref-
ognize the soluble troponin-T 16—31 fragment thougherences demonstrate [50—-53, 22]. Very recently, phar-
the overlapping EVH tripeptide at the N-terminus andmaceutical and clinical analysis laboratories started to
C-terminus of the molecules, respectively. This, as exdevelop routine CE methods for purity testing, quanti-
pected, holds true in the opposite direction t@o,the tative determinations of the formulation content, chiral

Absorbance at 214 nm
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analysis, monitoring of drugs in body fluids or reliable ¢
and precise analysis of blood. The wide application anc;
advantages of CE over other analytical tools should b&
attractive also for meat scientists to develop routlnem
methods for the quantification of meat quality markerso
based on capillary electrophoretic separation, as dee
monstrated here by just a few preliminary examples. 8
In capillary zone electrophore5|s (CZE), the most com=
monly applied separation mode in CE, the solutes are
separated in a single solution buffer. The ratio of charge
to size of the analytes is the basis of separation, whereas
the choice of the pH of the running buffer plays a cru- \
cial role, because it influences the charge of the sample
component. Normally, CZE is performed in bare fused-
silica capillaries, but for protein separations, for exam- e ——
ple, it is recommended that coated capillaries or buffer © 20 Time (mir))
additives be used to suppress adsorptions to the capiig. 11 HPLC profile of pooled fraction 4 (Figure 6) of TCA
lary wall. To demonstrate the advantages of CE ovemeat extracts. Column: LiChrospher RP-18 (250 x 4 mm,
HPLC, separations with both methods of identical soluspum; Merck). Gradient: 5-60% B in 60 min; A: 0.1% TFA
ble meat extracts are compared with each other. in H,0, B: 80% CHCN, 0.1% TFA in HO. Flow rate: 1ImL/
For structure determination, including Edman se-min. Injection volume: 100 pL. Detection: UVt 214 nm
guencing, fractions 1 to 5 of TCA meat extracts (Figure
8) were pooled and rechromatographed. The HPL chro-_ ]
matograms of pooled fraction 3 (glyceraldehyde-3-phos-£
phate dehydrogenase 258-269 fragment) and 4 (tropor::l
in-T 16-31 fragment) are shown in Figures 10 and 11, s
and for comparison, the caplllary electropherograms of: 12.48
the same samples are drawn in Figures 12 and 13, ree
spectlvely Under the chromatographic conditions, asg

stated in the legends of Figures 10 and 11, the main com-
ponents of both fractions are eluted after about 30 min,
\ |

b . L -
0 Time (min) 20

Fig. 12 Capillary electropherogram of pooled fraction 3 (Fig-
ure 6; Figure 10) of TCA meat extracts. Capillary: Uncoated
fused silica (55 cm x 50 um i.d.; Grom, Herrenberg, Germa-
ny). Pressure Injection: 10 psi x s. Running conditions: 20
kV. Capillary temperature: 20 °C. Buffer: 50 mM phosphate
buffer, pH 2.5. Polarity: Anode at the inlet. Detection: UV at
A =195 nm

L/_\M_J and HPLC separation allows to detect minor amounts
of side products in fraction 3 (Figure 10), but no con-
S — taminations for fraction 4 (Figure 11). The superiority
0 20 40 Time (min) of CE over HPLC separation is clearly demonstrated
: ' . . from the electropherograms shown in Figures 12 and
225%2;‘&%_pg’gllﬁrﬁ:f?_?lcerﬂgsa;ﬁgSé’fi%uzggg Tzcn'?m 13: The main components of fraction 3 and 4 are eluted
5um; Merck, Darmstadt). Gradient: 0—45% B in 60 min; A: in much shorter time (10—12 min), contaminations can
0.1% TFA in HO, B: 80% CHCN, 0.1% TFA in HO. Flow be far better detected, nanoliter amounts are only need-

rate: ImL/min. Injection volume: 100 pL. Detection: UV at €d for the separation, and migration times of peptides
A =214 nm can be predicted from their net charge and molecular

Absorbance at 214 nm
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E —I g 1 3
< <
3z 9.72 by
w® ®
8 3
g &
2 £
9 o
2 3 2
| | | ﬁ .
//‘M‘)MUL 0 20 40 60  Time (min)
L e S E S SRR N ! Fig. 14 HPLC profile of HCI-soluble extract of a beef sam-
g .
0 Time (min) 20 ple after storage for 3 days. 150pL of the extract were diluted

] . . _injected into the Rhodyne valve. Column: LiChrospher RP-
Fig. 13 Capillary electropherogram of pooled fraction 4 (Fig- 18 (250 x 4 mm, 5um; Merck). Gradient: 0 to 70% B in 60
ure 6; Figure 11) of TCA meat extracts. Experimental condimin; A: 0.1% TFA in HO, B: 80% CHCN, 0.1% TFA in
tions: See Figure 12 H,O. Flow rate: 1.0 mL/min. Detection: UV at= 214 nm

mass. Therefore, due to rapid separation (3 to 10 mif 34
after optimization), high resolution (up to several mil-; 2|5
lion theoretical plates) and high sensitivity (attomole®
range), capillary electrophoresis may become an attra@
tive candidate for routine analysis of meat quality mark-g
ers in full automatic mode. 2

Abs

Preliminary Results on Soluble HCI Meat Extracts

In order to find the most rapid, convenient and cheapest
work up precedures preparing soluble meat extracts,
suitable for analyzing meat quality markers, we prepared
also HCl extracts (see Experimental) and started identi-

fying their components. As the comparison of the HPL W
chromatograms of soluble meat extracts, collected after

TCA (Figure 6) and HCI (Figure 14) extraction,respec- | ——-

tively, shows that there is a dramatic difference in the g 20 40 Time (min)

profiles, depending on the treatment used. Compared to _

the TCA extracts, exhibiting 6 prominent peaks in theFig. 15 HPLC profile of HCI-soluble extract of a beef sam-
range of 20—60 min retention time, the chromatogranﬁ'.e after storage for 3 days. 250 pug/ 250yL (Fraction 3, see
of the HCI extract shows tiny peaks within this time igure 14) were injected into the Rhodyne valve. Column:

. . .Nucleosil 100 RP-18 (250 x 10 mm; 7 um; Macherey-Nagel,
period, butinstead, a broad one between 60 and 80 m'BUren, Germany). G(radient: 15 to 10l10% B in 60 )r/nin;?A:

caused by column overloading. After collection of thisg 194 TFA in HO, B: 80% CHCN, 0.1% TFA in HO. Flow
unresolved fraction and rechromatography (Figure 15)ate: 1.0 mL/min. Detection: UV at= 214 nm (Concerning

5 proteins could be separated, lyophilized and EdmaRumbering of the peaks, see text)

degradation yielded the N-terminal sequences of the

following proteins according to our search for proteinfrom rat, pig and human antGLSDGEWQL!?
homologiesIPHQYPALTROEQKKE!L (peak 1, Fig- VLNAWGKVE 1°A (Peak 4 and 5, Figure 15) is found
ure 15), reveals 100% identity with fructose-biphosphate¢o be 100% identical in 19 overlapping amino residues
aldolase from frog (positions 1—135FGNTHNKX0  with the N-terminal fragment of bovine myoglobin. It is
KLNFKAEEEY?2%P (Peak 2, Figure 15) is 95% identi- worthwhile mentioning that the ELISA developed
cal in 20 overlapping amino acid residues with a frag-against the troponin-T 16—-31 segment does not show
ment of creatine kinase 1-20 of rabbit, mouse and huany cross-reactivity, with the soluble HCI meat extract
man,'WVKVGVNGFGRIGRLVTRAA?F (Peak 3, Fig- (see above).

ure 15) shows 100% identity with the N-terminal se- These proteins, found in the soluble HCI meat extract
qguence of glyceraldehyde-3-phosphate dehydrogenas®uld be further candidates to serve as markers for meat
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quality, however, so far no correlations between time{10]
related quantitative appearance of these proteins a A
meat conditioning have been made. As demonstrate
for the soluble TCA meat extracts, HPLC, CE or immu-
noassay methods could be developed for specific quaiit2]
titative routine analysis of these potential markers of13l
meat quality in soluble HCI extracts. [14]

Conclusions [15]
According to several reports in the literature, the disappear-16]
ance of the TNT and the appearance of a 30 kDa band i[n
SDS-PAGE of myofibrillar extracts from bovine meat, seem 17
to be good indicators of the extent of post-mortem meat pro 18]
teolysis and are also correlated with meat tenderness [4]. IE1
the present report unequivocal proof is given for the origin of
the 30 kDa band by protein sequence determination to be[a9]
fragment of TNT. As SDS-PAGE is a tedious and besides
inaccurate procedure for quantitative determination of pro{20]
teins, soluble TCA and HCI meat extracts were analysed and
selected protein/peptide components identified by sequen&zl]
ing. One peptide fraction in the TCA-soluble meat extract is
identical to the TNT (16—31) sequence and its concentratiogz]
increases with muscle ageing in a similar way as the 30 kD
band in SDS-PAGE and can therefore be also considered to
be a good indicator of the extent of post-mortem meat prote23]
olysis. As this peptide marker is a component of soluble exf24]
tracts, HPLC, CE or immunoassay methods are equally suit-
able for its rapid quantitative routine analysis, what is dem-
onstrated by the different elaborated methods. Besides tHgs!
TNT fragment, several other peptides/proteins were identi-
fied by isolation and sequencing from TCA- and HCI-soluble 6]
meat extracts; their quantity increases also with the time 0[12
muscle storage, but their potential as meat quality markers
has to be evaluated by further studies. [27]
[28]

This work was funded by the EU FAIR programme, project[29]
number FAIR PL 96-1107. We greatly acknowledge the as-

sistance of Dipl.-Chem. (FH) Miriam Schick for preparing [30]
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