LC-MS/MS ANALYSIS OF THE EXTRACELLULAR MATRIX OF CULTURED FIBROBLASTS
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MATERIAL AND METHODS

Cultures
INTRODUCTION - Humen dermal either at their 13th or 15th passagy P15), dishes until confluence (10 or 11 days of culture). A 10-day culture of P13 cellsis
Hair follicles undergo growth cycles. Dermal papilla is a compartment localized ey st .!i.. — designated as (P13, 10d).
at the basis of each follicle, and is specifically able to induce the growth of ahair shaft. It psgese L Baracellular metrx preperation .
£ iy et of 2 retwrk of prOiiTe: The ExCEILIe: acif (BCMy, in Wi iwra a uihs 765 by3 L of aolsion f FBSets 14 (1) cntaning 0% s deryhole (900) (). At
specialized fibroblasts are scattered. The characterization of the protein composition of  russ mgl e « For subsequent analysis by SDS-PAGE, the metrix was solubilized by addition of 30 L of (SDS 5% Tris 100 mM pH 68), heated a 96°C for 5-10 min and centrifuged a 14000 rpm for 15 min
the ECM of dermal papilla is likely to contribute to a better understanding of the specific s (centrifuge 5415C. Eppendorf). The obtained Sﬂsm\ub\ewpenaml s designeted oS Aflr aitionof sanple e (LDS Sanple an Sanpl rcucing, Biorad i), Swashete & 70°C for 10 min
0 a6l (NUPAGE g 7 cm, Invirogen).
activity of that structure. l'lll_ oot b s oo 100, (s 11 2 (P 100, oo i e ention (0 protein ass, Biorad): 0.6 g/l protein in 130-150 . for (P13, 10d) and (P13,
" 11d); 0.2 pg/p. for (P15, 10d) in 100 L.
We have developed the coupling between liquid chromatography and tandem 1.5 -- + For et 2DLCMSMS i thoECM o a (P15, 104 o PBS. Then, 500 L of T 100 i, ph 8. cotaining 5 g o
(LC-MSIMS) for the proteins of the ECM synthesized [T I — {porcine, modied, o g o ke . S00 L of Tris: : pH 88 containing 5 g of trypsin
by human fibroblasts First, the proteins of ECM prepared from cultured dermal ol P i e
fibroblasts were separated by SDS-PAGE and digested by trypsin, to be analysed by LC- ¥ e ot 20°C, 10 mi), antibody (AL in goct srum, e his s Al was evealed with
MS/MS. Starting from only 8 g protein, a few tens of proteins could be identified. 2 ATC Iabeled anti-rabbit 196 Ab. For actn and fibronectin cuel ebellng, the ECM was fixed with PFA. (45 in PBS, 10 min, RT); acin was revesle with rhodeeminphalloicin and fibronectin was
numl i ECM, our analyses led to labelled with aFITC-labelled goat 19G.
the identification of: (i) membrane-bound proteins; (ii) soluble proteins possibly present Protein digestion
within the ECM, to exert different kinds of activities; (iii) proteins constitutive of the 4 Theleeseonegmtig Gel [Cly
. fied trypsin, Roche)
cytoskeleton; (iv) proteins of unknown function. Three cultures of fibroblasts were (@ i 95°C for 10 min 2 14000 rpm for 15 min. The supernatent was rediced with 10 m DTT for 30 min at 56°C before overrght
analysed to evaluate the reproducibility of protein identifications. We assessed the ) ” rypticdigestion a 37°C;
contribution of two parameters to the variability of the identifications: the preparation of Lo s
the protein sample on the one hand (matrix extraction, SDS-PAGE and enzymatic m each gel aromdted 1DLCH LC Packings Dionex, coupled fo a nenoES-Quof2, Micromess, Waters). Analytica colum:
digestion); the LC-MS/MS analysis on the other hand. We are currently developing a Figure 1: (a) Dermal papilla at Eymd oL Cis ey - L0065 1)
ml;"dlmaf"c"af liquid CT'OSBDQWW Evgt:ﬂmh (22;3 MS/‘MS) It m"SSISThOf theroot of the hair follicle, Gradient: 0.=> 45% B in 50 min, llumwwmlm%morlﬁmm |
andlysing the protein sample digest on two chromatographic columns in series. This  revealed 10sif
n In 2DL( of ECM onto a (Partisil, Whatman, LC Packings, Dionex, 500 um i.d. x 15 mm L), in ss\esw\lha RP-precolum
s';‘egy's“kaym protein with an overall gainin by immno-labelling of its protein (CiBFmtn LC s Do, 0um x5 L), 2 130-ong it radient
analysistime. constituent vimentin (in red); through fraction (0 mv) , 616, 16.54, . ollowed by a 1590-org flush wih I i, Sl th the solvent A
counter-coloration was obtained e L st 16 v 5. 1 NHCHCOO 1 (et ctotle 060w, o0 d. Each pr a5 analysed in e
with the Mayer's reagent (blue). IDLCMSIMS, with fonic species
b) Interpretation of LC-MSMS data
RESULTS O Hargownoge (1) e P—— S ———
% (Swisspror, taxoromy: humen).
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4) I dentified proteins
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Proteins (GuiaPron | (kpay | SPI3IY | SPI3100) | SP1510) Proténes AccNber | MM - 5ip1311q) | sipiz.i0g) | s(eisiiod)
Figure 2: Photographs of the three (kD2) (SwissProt) | (kDa)
< 9 Heparan sulfate P98160 | 469 10 3 6 I taminase 11 21080 | 772 3 7 3
analysed cultures Tenascin-X P22105 | 464 3 6 0 H
thecells (atoc, cultures (P13, 10d), Verscan Pisoit | 3728 o 3 Pl TRALUGFE | o743 | 513 0 4 u
(P13, 11d) and (P15, 10d), Collagen alpha 3(V1) P12111 |321-343| 37 3: 3 Goilagarbind : p:manlw 3 P290430r
respectively), and after (d tof). Collagen alpha 1(X11) Q997! 333 11 0 463 o 0 2
Fib PO2751 | 262 45 B 50 _(colign1or2)
1bronectin L | triulin-like growth factor binding
Tenascin (Hexabrachion) P2482. 241 13 1 19 " P21593 | 303 0 2 0
5 precursor (IGFBP-5)
Laminin gamma-1 chain P1104; 178 0 0 Prohibitin w2 | 28 0 2 3
Nidogen-2 QU112 | 151 0 0 s
Collagen alpha 1(\) P02452_| 139 5 5 ez esof ECM
Thr P07996 | 129 1 o fapez p n prepared samples of proteins.
—_— Fibuline2 P9B0%5 | 1265 9 4 17 AH meprmensmdlcated muechcharauersmTabhslandzwereoonsderedasldmtmedm(re
i L I lopm Collagen alpha 2(V1) P12110 108 6 6 17 usually based or of one or two
Collagen alpha 1(V1) P12109 | 1085 8 22 6 pqﬂ;:e(s). Snoev;le rﬁn a\ nﬂlefcur mesacay at ro;ggly © ppm‘ 'mchgprc{en mmtm?dlons
would require a further assay for reliable validation. The number of MSMS spectra enabling
1) Sample preparation Transforming growth factor - protein identifications are indicated in the last three colunns corresponding to the three analysed
Three cultures of sed f (ECM). They differed in the number of o betainduced protein IG-H3 | Q15582 | 745 5 18 14 anples
or preparing matrix . They differed in the numi passages H3)
the cells (P13 or P15) and in the age of the culture (10 or 11 days). The three obtained protein samples are designated as
S(P13, 10d), S(P13, 11d) and S(P15, 10d), respectively. The two first ones were prepared from cultures started on the same Peptide 64535 (24)
day, with asimilar initial number of cells. The comparison of their ECM could be expected to give information on the overall EGF-containing fibulinike | (oo™ | 4o o o B
repeatability of the analysis. On the opposite, sample S(P15, 10d) was prepared from a culture Started separately, with cells | extracellular matrix protein 2 - ' Deter mined sequence:
having 15 passages instead of 13. The initial numbers of cells seeded in the culture dishes were not counted. Figure 2 Dermatopontin Qo7507 | 24 [ 1 [ GLYCYELDEK
g:\:rzfl:;hreeoa\ cultures just before fibroblast elimination, and after uncovering the ECM, which appears as a densely Table1: ECM identified in prepared samplesof ECM.
Immunofluorescence labelling against laminin, awell characterized component of the ECM, was performed before and after !
of fi DOC (Figure 3). the cell shapes can .
after cell disruption and elimination. Proteinsof ECM -
- Asawhole, identification of 20 different proteins known to be constitutive of the ECM. N
€l b
® - Nine of them identified in bluein Table 1). e ——— N IR
- Three proteins only identified in both samples from P13 cells (in red in Table 1).
Figure 3: - detectedin by P15 cells (in violet in Table 1). Figure 5: The case of vitronectin: this protein was identified in samples SP13, 10d) and (P15,
s isending protein arise from the fact that: 10d) with one peptide, specific of vitronectin from Sus sorofa (Acc Nber P48819). It differs from
abelling of laminin: (i) P13 and P15 cells synthesize ECM at different speeds and in different refative protein | the human sequence (Acc Nber P04004) in one residue. Pepide 154-163 of Sus scrofa vitronectin
(@) beforeelimination of 1 comnogitions, is GLYCYELDEK (Figure5), wher pep QYCYELDEK.
the fibroblasts, (b) after ii) the number of P13 and P15 introduced in Possible explanations: there may be a mistake in the human sequence, or the studied protein may
elimination of the cells bea variant of the recorded human vitronectin sequence, not yet listed in SwissProt (release 41.22
of 290 of Auqust 2003).
7 per "esm-aH pecn
Other proteins membrane-bound, soluble,
- Asawhole, 16 tob hed to membr dentified. This class of ECM proteins (integrins, CD44). Ten of

2) SDS-PAGE of ECM proteins

More ECM protein material was obtained from the (P13, 10d) and (P13, 11d) cuitures than from the (P15, 10d) one. The
former cell cultures may be considered as denser (Figure 2a.and 2b versus 2c), and may contain alarger amount of ECM than
the latter. A difference in growth behaviour may also be expectable between P13 and P15 cells. Comparable volumes of
samples were obtained in the three experiments (100-150 L), but the protein concentration was 0.2 ug/uL with P15 cells,
against 06 pgL for P13 oels As aresult, the protein amounts loaded on the gl wells were also different (Figure 4). Gel

similar pr LC-MSMSanalyses. For analysing
81g of total protein, 213 oflanes(PlS 10d), 1lane of S(P13, 11d) and 2 lanesof S(P15, 10) were cut
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Figure 4: Gels of ECM proteins (stained with Coomassie-blue). The-amount of protein charged in each well s indicated.

3) Analysis optimisation
We evaluated the influence on protein identification results of the maximum number of co-eluted species selected for
MS/MS. The digestion products of 10 gel siices from sample S(P13, 11d) were analysed in two conditions: selection for
fragmentation of Up to 3 or up to 8 co-eluted ions. The number of identified proteins, interpreted MSMS spectra and the
cumulated Mascot scores of the identified proteins were compared. When pooling the data from the 10 gel ices, the selection of
3 co-eluted precursors for MS/MS fragmentation appeared to provide better resuits aocommg 1o the three previous criteria
Accordingly, al the other analyses of gel slices from thethree ECM

p
them waeanly detected in the LC-MS/MS analyses of sample S(P15, 10d) mmg these, most were only identified mrough one unique peptide.
among which 4 104 e2).

- Protens lrcm the cytoskeleton were detected (actins, myosins, lubuhns vlme'm n, etc). Once again, more numercus protans of this class were detected in the 10d-samples. Figure 7 represents.
the ECM contained in a culture dish after cell eimination, where fibronectin and actin have been immunolabelled; this labelling indicates the presence of residual cytoskeletal filaments in the
preparation.

- Fmaly.

from

|amms) from ribosomes, from mitochondria (porins, etc) were also identified. These re highly abundant proteinswithin the cells.
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Figure 6: The case of transglutaminase: its identification was hardly accepted in samples S(P13, 11d) and
S(P15, 10d) (noted !! In the Table), but validated in S(P13, 10d). This protein catalyses the building of covalent
bonds between proteins, which confers to the resulting three-dimensional structure a better resistance to
proteolytic degradation. This degradation is performed by matrix metalloproteinases (MMPs), which were not
detected in these experiments; yet, the membrane-bound proteins integrin alphaV/ and protein RECK (Reversion-
inducing eine-rich protein with Kazal motifs precursor), which interact with the MMPs, were identified in
sample S(P15, 10d).

5) Repeatability of protein identifications

The of protein assessed on samples S(P13, 10d) and S(P13, 11d), by estimating the infl of the LC-M variability. The
proteins only detected by LC-MS/MS in sample S(P13,10d) were searched for in sample S(P13,11d). The retention times of peptides leading to their |ds'mﬂca|on were listed. When a protein
had been detected in the gel slice G, of S(P13, 10d), the corresponding peptides were looked for in the gel slices G5, Gy, and G,.; of S(P13, 11d). These inquiries were limited to proteins

Figure 7: Immunofluorescence abelling of actin (red)
and fibronectin (green) after cell elimination

M

the ECM and P
G Sice number Table 3 : N(pept): number of peptides considered to attempt to find proteins in S(P13,
Protein N(pept *'—Iplg 100 P13, 11d 1), These peptides were associated o MSIMS spectra providing a reliable
" inase (pep R £l ) of the proteins in SP13, 10d). The two last columns indicate,
L , the gel sices in which the proteins were detected in P13, 10d), and the
sine protease HTRAL 3 15, 16 E"d 18 / slicesof P13, 11d) in which they could be detected a posteriori.
prohibitin 2 20 19
Insulin-like growth factor binding protein 5 2 25 25 (weak)
dermatopontin 1 23 25 Among four proteins detected in S(P13, 10d) with at least 2 peptides, three could
nidogen 2 1 7 / He spotted in the MS signal of S(P13, 11d). From a general point of view, when a
Jaminin 1 7 7 frotein had been identified in S(P13, 10d) through one single peptid, it couldn't be
rilys T T 7 found in S(P13, 11d).
vitronectin 1 15 7

6) Analysisof ECM proteinsby 2DLC-MSM S
Only 1/25 of the digestion product of the ECM of a (P15, 10d) cell culture was analysed per 2DLC-MS/MS run, that is 10 times less pr otein of S(P15, 10d) than the amount used for SDS-
PAGE - LC-MSMS. Litile material was mjwa} for 2DLC-MSIMS, to be able to perform itertive runs, so as to optimise the analysis conditions (mainly the salt gradient profiles)
led to the of proteins constitutive of the ECM, as well as membrane-bound and soluble proteins; these were mainly proteins previously detected
through numerous peptices in SDS-PAGE - 1DL.C-MSMS analyses. Nonetheless, thrée proteins not detected in the gel-based approach could be identified by 2DLC-MSIMS andlysis
fibulin 2; the Bone Morphogenic Protein Antagonist 1, gremlin; and a third protein, similar to protein URB/steroid-sensitive protein 1. Each of these proteins was detected through one
peptide only.
This preliminary data indicates that 2DLC-MS/MS islikely to pr

to SDS-PAGE - 1DLC-MS/MS, while reducing the analysis time from around

prot

CONCLUSION 27 1h30 = 40030 (for the anelysis of 27 digested gel ices) to 7 x 1030 = 10630 (with 75«5%)
Proteins of the ECM of human dermal fibroblasts were analysed by SDS-PAGE — 1DLC-MS/MS and by 2DLC-MS/MS, Thetwo likely to provic y protein i The analysis of three different cultures hi that it to precisely control the culture characteristics
in number of days of to obtain samples, and then Indeed, even if ECM be similar, the co-purification

(number of passages of the cells, number of
brane b

impects on the LC-MSIMS andlyss resuls, by moifying ‘the peptide population to be analysed by the mass spectrometer. In afurther step, wie intend to compere the ECM synthesized by dermal fibroblasts and by fibroblasts of dermal pepilla. Such a stucy

would have to analyse pepticic mixtures of smilar complexity, and eventually provide a better overview of the proteins present in the ECM samples

of other proteins (solubl d, and from th

will req ] ]
The optimisation of the salt gradient im to obtain a better-balanced of Soth
Most ECM N-linked). T of help to obtain a larger protein sequence coverage.
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