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ABSTRACT 

Cloning technologies have established 
unambiguously that amelogenins always seem 
larger in molecular weight (Mr) by gel 
electrophoresis (SDS-PAGE) than by mass 
spectrometry (MS). This has caused many 
problems relating cloned versions of amelogenin 
to proteins actually secreted by ameloblasts in 
vivo. In this study, discrete protein fractions at 31-
20 kDa (Mr

SDS) were prepared from freeze-dried 
rat incisor enamel by techniques optimized for 
preserving protein integrity. N-terminal sequence 
and amino acid compositional analyses indicated 
that the major protein forming these fractions was 
amelogenin. As expected, the molecular weights 
estimated by matrix-assisted laser desorption 
ionization (MALD1) and electrospray ionization 
(ESI) MS were significantly less than their 
apparent molecular weights estimated by SDS-
PAGE. Plots of Mr

SDS vs. Mr
MS for all fractions 

showed high linear correlation (r = 0.992). 
Analysis of MS data further indicated that the 
major protein in the 27-kDa fraction 
corresponded to the R180 secretory isoform of rat 
amelogenin, whereas some minor proteins in the 
23-kDa fraction likely corresponded to a R156 
secretory isoform. This was in contrast to major 
proteins forming the 25- , 24-, and 23-kDa 
fractions (Mr

SDS), which seemed to represent 
proteolytic fragments of R180 progressively 
altered at the P169-A170, P164-L165, and F151-S152 

C-terminal cleavage sites, respectively. Proteins 
in the 20-kDa fraction (Mr

SDS) most closely 
matched by ESI-MS fragments of the R156 
secretory isoform that were C-terminally-
modified at the equivalent P164-L165 site. 
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Mass Spectrometry of Native Rat 
Amelogenins: Primary Transcripts, 
Secretory Isoforms, and C-terminal 
Degradation 

INTRODUCTION 

During the past decade, considerable progress has been made in our 
understanding of the complexity and diversity of extracellular matrix 

proteins produced by ameloblasts (reviewed in Brookes et al., 1995; 
Simmer and Fincham, 1995; Simmer and Snead, 1995; Snead, 1996; 
Zeichner-David et al., 1997; Smith, 1998). Of particular interest have been 
findings, by molecular biology techniques, that ameloblasts in all 
mammalian species produce several variations of amelogenin from a single 
gene (Simmer et al., 1994a; Li et al., 1995; Simmer and Snead, 1995; Hu et 
al., 1996a,b, 1997; Yuan et al., 1996). Most of these variants are a result of 
internal splicing (Lau et al., 1992; Simmer et al., 1994a; Simmer and Snead, 
1995; Hu et al., 1997). In the rat, the alternatively spliced mRNAs are 
divided into 2 groups, Rl and R2, that terminate in either exons 8 and 9 or 
exon 7, respectively (Li et al., 1995, 1998). The R2 group, designated R by 
Bonass et al. (1994b), has been confirmed, as has a larger set of mRNAs in 
the mouse (Snead et al., 1983; Lau et al., 1992; Simmer et al., 1994a; 
Simmer and Snead, 1995; Hu et al., 1997). Equivalent mouse and rat 
mRNA's code for identical proteins (Bonass et al., 1994b; Simmer and 
Snead, 1995; Li et al., 1998). Metabolic labeling studies have indicated that 
only a limited number of the amelogenin mRNA's appear to be actually 
translated into proteins by ameloblasts in vivo (Zeichner-David et al., 1983; 
Slavkin et al., 1988; Nanci et al., 1989; Smith and Nanci, 1996). Once 
secreted, these proteins are modified at their C-termini by 
metalloproteinases, and they are ultimately degraded by serine proteinases 
(Fincham et al., 1991; Fincham and Moradian-Oldak, 1993, 1995, 1996; 
Moradian-Oldak et al., 1994, 1996; Bartlett et al., 1996, 1998; Scully et al., 
1998; Simmer et at., 1998; Ryu et al., 1999). Specific details of the 
extracellular processing and proteolytic changes in amelogenin remain 
controversial. 

Along with improvements in the understanding of the primary structure 
of amelogenin has come general agreement that these proteins possess 
anomalous migratory behavior on polyacrylamide gels. This problem was 
suspected for many years (Termine et al., 1980), but uncertainties about 
post-translational addition of sugar and phosphate groups to amelogenin 
made findings regarding their aberrant gel mobility inconclusive (Fincham et 
al., 1991; Fincham and Moradian-Oldak, 1993, 1995; Yamakoshi et al., 
1994). This issue was largely clarified when the cDNA sequence for the 
main mouse amelogenin, Ml80, was expressed in bacteria (Simmer et al., 
1994b). The recombinant protein, called rM179 because it lacked the native 
N-terminal methionine group, had a mass of 20160.4 daltons by MALD1-MS 
(Mr

MALDI), essentially identical to the predicted value of 20162.21 daltons 
based on its cDNA sequence (Simmer et al., 1994b). By SDS-PAGE, 
however, the recombinant protein appeared to have a molecular weight near 
25-26 kDa (Mr

SDS) (Simmer et al., 1994b). Similar discrepancies between 
Mr

SDS and Mr
MS have been noted for various individual native amelogenin 

fractions isolated from bovine and porcine enamel (Fincham and Moradian-
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Oldak, 1993, 1995, 1996; Fincham et al., 1994; Moradian-
Oldak et al., 1994; Yamakoshi et al., 1994). 

It is presently impossible, with existing MS data from 
mouse, pig, and cow amelogenin, to establish with any 
certainty the cDNA identity (Bonass et al., 1994a,b; Li et al., 
1995) of secretory forms of rat amelogenin identified by direct 
metabolic labeling in vivo (e.g., Smith and Nanci, 1996). The 
goal of this study was to prepare specific protein fractions by 
SDS-PAGE, establish their amino acid composition and N-
terminal sequences, and determine their "true" molecular 
weights by MS. Two complementary MS techniques, MALDI-
MS and ESI-MS, based on different physical principles of 
sample ionization and detection, were used (Pitt, 1996). We did 
this partly to evaluate purity of the isolated fractions and to 
ensure redundancy in the estimates of molecular masses for 
proteins as they exist in vivo. 

MATERIALS & METHODS 

Sample Preparation 
All aspects of the care and handling of animals used for these 
experiments followed guidelines established by the Canadian 
Council on Animal Care and were peer-reviewed and approved by 
the Animal Care Committee of McGill University. Male Wistar rats 
weighing 95 ± 5 g were anesthetized with ether, and the heads were 
harvested by guillotine. The hemimandibles were dissected out, and 
the bone covering the labial side of the incisors was quickly 
fractured away with dental tools. The partially dissected 
hemimandibles were immersed in liquid nitrogen for a minimum of 
5 hrs and then freeze-dried for 48 hrs on a 6-L console lyophilizer 
(Labconco, Kansas City, MO, USA). The freeze-dried enamel 
organs covering the developing enamel layer were removed, and 
secretory (length, 5 mm) and maturation (length, 3 mm) stage 
enamel strips were dissected from each tooth by means of a molar 
reference line (Smith and Nanci, 1989). Each strip was placed in 
separate 1.5-mL screw-top microfuge vials. 

Protein Fractions 
The enamel proteins in each strip were extracted directly into 200 
µL/vial of a freshly made SDS-PAGE sample preparation buffer 
containing 62.5 mmol/L Tris-HCl (pH 6.8), 2% SDS, 10% glycerol, 
5% 2-mercaptoethanol, and 0.005% bromophenol blue (final 
concentrations). The vials were immersed in a boiling water bath for 
5 min, cooled, and stored overnight at 4°C. Proteins in the extracts 
were separated by electrophoresis on 12% regular format (160 x 140 
x 1.5 mm) polyacrylamide gels at 30-mA constant current per gel in 
a discontinuous buffer system (Laemmli, 1970) (Fig. 1, panel B). 
After electrophoresis, the gels were stained with 0.125% Coomassie 
blue R-250 in 50:10% methanol:acetic acid for 1 hr and de-stained 
overnight in 30:10% methanol:acetic acid. Gel slices containing 
bands near 31 (faint), 29, 27, 25, 24, 23, 22, 21, and 20 kDa (Fig. 1) 
were excised and pooled by Mr

SDS into separate glass tubes of a 
Model 422 Electro-Eluter (Bio-Rad, Mississauga, ON, Canada). 
Elution of proteins from the gel slices was done at room temperature 
in tank buffer (25 mmol/L Tris, 192 mmol/L glycine, and 0.1% SDS, 
pH 8.3) for 5 hrs at 10 mA constant current per tube. Solutions were 
transferred from eluter tubes to Centriprep-10 concentrators 
(Millipore Corp., Bedford, MA, USA), and the proteins were 
washed 3 times with double-distilled water to remove buffer salts 
and SDS, then concentrated in a final spin. Aliquots (1 to 2 µL) of 

the concentrated protein solutions were re-run on 12% short format 
(80 x 140 x 1.5 mm) polyacrylamide gels and stained with 
Coomassie blue R-250 so that the quality of the preparations could 
be monitored (Fig. 1, panel A). The electro-eluted proteins proved 
very stable, and they could be stored for many months refrigerated 
without undergoing any obvious changes (Fig. 1, panel A). 

N-terminal Sequence 
and Amino Acid Composition Analyses 
About 200 (µg of whole secretory-stage enamel proteins were 
separated by electrophoresis on 12% regular format slab gels as 
described above (e.g., Fig. 1, panel B, lanes 4 and 5), and the proteins 
were transferred onto PVDF membranes (Immobilon-CD, Millipore 
Corp.) (Matsudaira, 1987). The membranes were stained with 
Coomassie blue R-250, and bands corresponding to the eluted 
fractions (Fig. 1, Panel A) were excised and subjected to automated 

Figure 1. SDS-PAGE of rat enamel proteins. Panel A: Short format 
(80 x 140 x 1.5 mm) po lyac ry lamide gel (12%) stained wi th 
Coomassie blue R-250, showing standard broad-range molecular-
we igh t marker pro te ins (Bio-Rad Labora to r ies Canada Ltd. , 
Mississauga, O N ; M r , in kDa; 3 1 , carbonic anhydrase; 2 1 , trypsin 
inhibitor [21.5 kDa]; 14, lysozyme [14.4 kDa]). Lane S = intact whole 
secretory-stage enamel homogenate from rat incisors (31-kDa band is 
not visible). Lanes 31-20 = fractions electro-eluted from gels. Protein 
loads are approximately 20-25 µ g / l a n e for M r and S, and 1-4 
µg/ lane for 31-20. Panel B: Regular format (160 x 140 x 1.0 mm) 
po lyacry lamide gel (12%) stained wi th Coomassie blue R-250, 
showing standard molecular-weight marker proteins (6.5, aprotinin; 
others as panel A) (20 µg). Lane R = recombinant mouse amelogenin 
(rM179) (2 µg); Lane F = an aliquot of the "27"-kDa electro-eluted 
fraction (2 µg); Lanes S and M = intact whole enamel homogenates 
from secretory (S) and maturation (M) stages in rat incisors (20 µg 
each). Arrows indicate fractions mentioned in text. In this preparation, 
the 6.5-kDa marker protein is located at the exact bottom of the gel, 
seen as a faint horizontal line in the background. 
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Table 1. N-terminal Sequences of Amelogenins 

Species 

This study: 

Rat 

Rat 

Amelogenin Form 

31 kDa 

29, 27, 25, 24, 23, 

22, 2 1 , 20 kDa 

Previously described: 

Rat 

Mouse 

Cow 

Pig 
Opossum 

R180, R1-179 

M180 

BX197 

P173 

Op202 

N-terminal Sequencea 

MPLPPxPGSPxxxxx-

MPLPPHPGSPGYINL-

MPLPPHPGSPGYINL-

MPLPPHPGSPGYINL-

MPLPPHPGHPGYINF-

MPLPPHPGHPGYINF-

IPLPPHPGHPGYINF-

Reference 

Fig. 1 

Fig. 1 

Bonass et al. (1994b); Li et al. (1995) 

Simmer et al. (1994a) 

Shimokawa et al. (1987) 

Hu et al. (1996a) 

Hu et al. (1996b) 

gas phase N-terminal sequence analyses by means of a Porton Model 
2090E Sequenator (Porton Instruments Inc., Tarzana, CA, USA) 
(Table 1) (Hewick et al., 1981; Matsudaira, 1987) that was equipped 
with on-line Pth-analysis (Hewlett-Packard model 1090 HPLC). The 
bands on some membranes were excised, and the PVDF-membrane-
bound proteins were hydrolyzed at reduced pressures, in 6 N HC1 for 
2 hrs at 150°C (Zhu et al., 1987). Amino acid analyses were 
performed by means of a Beckman Model 6300 Amino Acid 
Analyzer (Beckman Instruments Inc., Fullerton, CA, USA) (Table 2) 
(Spackmen et al., 1958). 

Mass Spectrometry 

Aliquots of individual 31-, 29-, 27-, 25-, 
24-, 23-, and 20-kDa electro-eluted 
fractions (Fig. 1A) were precipitated by 
an ion-pair extraction method for the 
removal of residual dye, salts, and SDS 
(Henderson et al., 1979). The 
precipitates were re-dissolved in 0.5 
mol/L acetic acid, and 0.5-µL aliquots of 
each fraction (from 1 to 10 ng/µL of 
protein) were spotted with equal 
volumes of water-saturated α-cyano-4-
hydroxy cinnamic acid onto sample 
plates for matrix-assisted laser 
desorption ionization time-of-flight mass 
spectrometry (MALDI-MS) (Wilcox et 
al., 1994; Kaufmann, 1995; Pitt, 1996) 

by means of a VOYAGER-DE mass spectrometer (PerSeptive 
Biosystems, Framingham, MA, USA) in linear mode at 25 kV 
accelerating voltage with 87% grid voltage and 0.3% guide wire 
voltage. Data collected from at least three measurements were 
averaged and expressed as mean ± SD for the singly charged species 
as presented in Table 3. Aliquots of the electro-eluted fractions (1 to 
2 ng/µL) as well as recombinant mouse amelogenin (rM179, 50 
ng/µL) and lysozyme (30 ng/µL) in 0.5 mol/L acetic acid/50% 
acetonitrile were analyzed by electrospray ionization mass 
spectrometry (ESI-MS) (Ishikawa and Niwa, 1990; Jardine, 1990; 

a x = unassigned—weak, poorly defined sequencing signals; underlining = residues that are 
different compared with rodent. 

Table 2. Amino Acid Compositionsa of Eluted Fractions (fract) Compared with cDNA Predicted Amino Acid Compositions for Selected Amelogenin 

Isoforms (intact) or Their Putative Cleavage Products Hydrolyzed at Site "a", " b " , or "c" as Illustrated in Fig. 6 

Amino 
Acid 

Asxb,c 

Thr 

Serc 

Glxb 

Pro 
Glyc,d 

Ala 

Cys 

Val 

Mete 

lle 

Leu 

Tyr 
Phe 

His 
Lys 
Arg 

Trpf 

29-kDa 
Fract 

6.3 
6.9 

15.4 

32.5 
44.4 

11.5 

10.3 

-
7.1 
4.4 

6.5 

15.3 

6.5 
4.6 

13.8 
5.4 

4.0 
nd 

R194 
Intact 

6 
8 

14 
32 

44 

6 

9 
-

7 

9 

8 

17 

6 

3 

15 

4 
3 

3 

27-kDa 
Fract 

5.2 
5.8 

12.0 

30.5 
44.4 

7.7 

7.5 

-

7.2 
1.7 

6.2 

14.7 

5.5 
3.3 

12.0 

3.3 

3.2 
nd 

R180 
Intact 

4 

6 
12 

31 
44 

6 

7 

-
7 
9 

7 

16 

6 
3 

14 

3 
2 

3 

25-kDa 
Fract 

2.9 

3.7 

10.6 

28.6 
47.8 
6.7 

6.4 

-
5.9 

4.2 

6.2 

15.0 
5.8 

3.0 

12.8 

2.2 
1.1 

nd 

R180 
Site "a" 

2 

4 
12 

29 

44 

6 

6 

-
6 
9 

7 
16 

6 
3 

14 

1 

1 

3 

24-kDa 
Fract 

3.0 
3.9 

11.5 
29.9 

58.7 
7.1 

5.9 

-
6.4 

2.0 

6.6 

14.9 

5.6 
3.1 

13.6 
1.6 

1.3 
nd 

R180 
Site "b" 

2 
4 

12 
28 
43 

6 

5 

-
6 

9 

7 

15 

6 

3 
14 

1 

1 

2 

23-kDa 
Fract 

4.5 
4.7 

17.8 

33.1 
42.0 
11.9 

7.1 

-
6.2 

4.8 

4.8 

9.8 

4.2 

2.2 

13.8 

3.0 

nd 

R180 
Site "c" 

2 
4 

10 
26 
39 

6 

5 

-
6 

8 

6 
12 

6 

3 
14 

1 

1 

2 

R156 
Intact 

4 

6 
10 
27 

41 

3 
7 

-

6 
8 

5 

14 

3 

3 
12 

3 
2 

2 

20-kDa 
Fract 

2.9 

4.0 

11.0 
24.9 

34.9 

5.4 

5.8 

-
5.2 

3.5 

4.8 
12.4 

3.5 
2.9 

12.2 
1.7 

1.6 

nd 

R156 
Site "b" 

2 

4 
10 
24 

40 

3 

5 

-
5 
8 

5 

13 

3 
3 

12 

1 
1 

1 
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Maquin et al., 1991; Pitt, 1996) in a Quattro II triple quadrupole 
mass spectrometer (Fisons, Manchester, UK) (Figs. 3, 4; Table 3). 
ESI acquisitions were generally done at 70°C for 2 to 3 min at 10 
µL/min with 3.8 kV capillary/needle voltage, 40 V sampling cone 
voltage, 1.0 V ion energy, and 650 V multiplier voltage. We 
obtained mass spectra by scanning in the multi-channel analysis 
mode with a scan time of 1 sec per 390 daltons and 16 data 
acquisition points per dalton. Raw multipeak spectra were 
deconvoluted by means of commercial maximum entropy software 
(MaxEnt Solutions Ltd., Cambridge, UK) that had the VG 
MassLynx package included (Application Note No. 212, Fisons, 
Manchester, UK). MaxEnt-evaluated masses ± errors are shown in 
Table 3. Mr

cDNA values, using isotopic averaged mass values for 
amino acids, were estimated by means of Version 4.03 of the Protein 
Tools™ software package (ChemSW Inc., Fairfield, CA, USA). 

Correlation and Linear Regression Analyses 

Correlation and linear regression analyses were done with Release 
5.1.F of STATISTICA for Windows (StatSoft Inc., Tulsa, OK, 
USA) (Fig. 5). 

RESULTS 

The proteins comprising lightly or heavily stained bands in the 
31 - to 20-kDa region by SDS-PAGE (Fig. 1) all displayed an N-
terminal sequence characteristic of rodent amelogenin 
(MPLPPHPGS-; Table 1) (Simmer et al., 1994a; Brookes et al., 
1995; Li et al., 1995; Simmer and Snead, 1995; Hu et al., 
1996a,b, 1997; Fincham and Simmer, 1997). The amino acid 

composition of these proteins showed relatively high amounts of 
Pro, Glx, Leu, His, and Ser (Fig. 1; Table 2, data not available 
for 31-kDa band and not shown for 22- and 21-kDa bands) 
consistent with the amelogenin-like character of these fractions 
(Brookes et al., 1995; Simmer and Snead, 1995). There was 
generally good agreement between the amino acid compositions 
of proteins in the fractions (computed for on a molar basis using 
molecular masses established by ESI-MS) with amino acid 
compositions determined from known amelogenin cDNA 
isoform sequences (Table 2). 

The 31-, 29-, 27-, 25-, 24-, 23-, and 20-kDa fractions, as well 
as the recombinant mouse amelogenin (rM179), typically showed 
more than one peak by MALDI-MS and by ESI-MS (Figs. 2-4). 
The multiple peaks observed by MALDI-MS seemed to represent 
both single- and double-charged states of the major protein in the 
fraction as well as some minor proteins co-isolated in the fraction 
(Fig. 2, panels A and B; e.g., the 27-kDa fraction contains some 
25-kDa material). The raw ESI-MS data for rM179 displayed a 
clustered series of multiply charged ions reminiscent of partially 
oxidized, solvent adducted and/or cationized 
proteins/polypeptides (Fig. 4A) (Feng et al., 1991). Importantly, 
the two complementary MS techniques (MALDI-MS and ESI-
MS) yielded essentially equivalent molecular masses for the 
fractions (Table 3), indicating that the lower Mr

MS masses relative 
to Mr

SDS were not an artifact of either MS method or of the 
method of sample preparation. Similar Mr

MS results have been 
reported previously by other workers for non-SDS-PAGE isolated 
amelogenins (Fincham and Moradian-Oldak, 1996). 

Deconvolutions of scans with MaxEnt software confirmed 

Table 3. Mass Values for 

SDS-PAGE 
Massa 

31100 
29400 
27400 

25700 

24200 
22600 

19700 

rM179 

Lysozymeh 

Rat Amelogenins 

Experimental 
MALDI-MS 

Massb 

23748 ±31 
22296 ±31 
20394 ± 35 

19113 + 30 

18515 ± 36 

17135 ± 21 

15768 ± 26 

20160.4i 

nd 

(in Daltons) 

ESI-MS 
Massc 

nd 
22243.77 ± 1.46 
20372.78 ± 0.56 

19098.78 ± 0.65 

18502.41 ± 0.56 
17098.77 ± 0.46 

15719.95 ± 0.43 

20165.19 ± 0.99 
14305.42 ± 0.41 

Rat 
Amelogenin 

Isoform 

R1-203f 

R194g 

R180h 

R1-179f 

R180ai 

R170g 

R180bi 

R180ci 

R156f 

R156bi 

R141g 

desMet1M180i 

14305.20 

Theoretical 
Calculated 

Massd 

23038.47 
21896.06 
20372.39 
20281.34 

19099.02 
19112.90 
18502.34 

17098.63 
17589.23 
15719.18 
15746.99 
20162.21 

nd 

Deduced 
Masse 

31053 
29361 
27104 
26969 

25218 
25239 
24334 
22255 
22981 

20213 
20254 

26793 
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Figure 2. MALDI-MS analyses of the 31-kDa (Panel A) and 27-kDa 
(Panel B) electro-eluted fractions (shown in Fig. 1). Mass/charge (m/z) 
peaks for singly (+1) and/or doubly (+2) charged ions are indicated. 
Ma jor component (+1) ident i f ied by asterisk. Minor components 
potentially attributed to contamination by adjacent bands co-isolated 
(see Fig. 1 and compare Mr

MS values in Table 3). y-axis, relative 
abundance; x-axis, mass divided by charge. 

the above suspicions regarding the clustered series of ions 
observed by ESI-MS, and provided a value for the molecular 
mass of intact, unmodified rM179 (20165.19 ± 0.99 daltons) 
that was in good agreement with its expected mass of 20162.21 
kDa (Fig. 4B, Table 3) (Simmer et al, 1994b). The ESI mass 
spectra for the fractions (Fig. 1) displayed similar patterns of 
clustered series of multiply charged ions (Fig. 3A) and also 
confirmed the presence of minor contaminants in some samples 
(arrowheads, Fig. 3A). The exact nature of the agents 
responsible for the clustered ion series was not explored, but it 
was noted that this characteristic pattern was more prominent in 
the electrophoretically purified wild-type rat amelogenin 
samples as opposed to recombinant material (compare Fig. 3 
and Fig. 4) and was only weakly observed in the raw ESI-MS 
data for purified lysozyme (data not shown). The clustered 
series of ions observed for amelogenins may not only be a 
consequence of the method of sample purification, dissolution, 
and ionization used in this study but may also be a consequence 
of the peculiar characteristic primary structure/amino acid 
composition of amelogenins themselves. Attempts to identify 
the masses of multiply charged minor component ions 

(arrowheads, Fig. 3A) by means of MaxEnt software were 
unreliable due to the dominant series of ions. The complexity in 
terms of adducts, oxidation, and cationization of the 
amelogenin samples as determined by ESI-MS, based on 
deconvolution of the clustered series of multiply charged 
polypeptide ions, may account for the slightly higher masses 
determined by MALDI-MS (Table 3), a consequence of the 
skewing of the peak to higher masses (Feng et al., 1991; Liang 
et al., 1996) and the relatively lower observed resolution. The 
deconvoluted ESI-MS mass value for lysozyme (a control 
protein) was essentially identical to the value expected on the 
basis of its cDNA sequence (Table 3) (Jaureguiadell et al., 
1965; Sippel et al., 1978). The ESI-MS value obtained for the 
27-kDa fraction in this study (Mr

ESI 20372.78 ± 0.56 daltons) 
was, within reported error, identical to the value expected for 
R180 computed on the basis of its known cDNA sequence plus 
1 phosphate group (Mr

cDNA 20372.39 daltons) (Fig. 3B, Table 
3) (Fincham et al., 1994). 

The Mr
MS of proteins within eluted fractions was 

consistently much lower than the SDS-PAGE-determined 
masses (Mr

SDS, Figs. 1-4; Table 3), and the experimental 
MALDI masses (Mr

MALDI) were often slightly higher than the 
corresponding ESI values (Mr

ES1, Table 3; Fig. 5). Regression 
analyses of the Mr

SDS values vs. the Mr
MALDI or Mr

ESI values 
displayed good linear correlations (Fig. 5). The agreement of 
Mr

ESI with cDNA predicted mass values (Mr
cDNA) and the linear 

relationships among Mr
SDS and MT

MALDI and Mr
ESI (Fig. 5) 

allowed theoretical SDS-PAGE values (Mr
deduced-SDS) to be 

computed from the predicted Mr
cDNA for various amelogenin 

isoforms (Table 3). We believe that this correlation is equally 
adaptable to any SDS-PAGE gel system by normalizing any 
variations observed in gel mobility against the Mr

SDS value for 
the major 27-kDa amelogenin. 

DISCUSSION 

Past studies established unequivocally that E. coli express the 
cDNA for mouse Ml80 amelogenin as a protein containing 
the intact sequence except for the single N-terminal methionyl 
residue, which gets cleaved in this system (Simmer et al., 
1994b). The MALDI-MS value obtained for this 
"desMet1M180" recombinant protein (rM179) (Mr

MALDI 

20,160.4 daltons) was only 2 daltons below the value 
expected on the basis of this cDNA sequence (Mr

cDNA 

20,162.21 daltons) (Simmer et al., 1994b). In this study, the 
ESI-MS value estimated for the same protein was only 3 
daltons above the expected value (Mr

ESI 20165.19 ± 0.99 
daltons) (Table 3, Fig. 4). These differences between the two 
sets of MS measurements for rM179 most likely reflect limits 
in the MALDI-MS and ESI-MS methods as used rather than 
post-translational modifications, since these do not occur in 
bacteria. As well, deamidation of two or three glutamine (or 
asparagine) residues (net effect plus 1 dalton/residue) in our 
material could account for the ESI-MS difference. 

Purified recombinant mouse amelogenin (rM179) migrates 
with a Mr

SDS on 12% polyacrylamide gels that is slightly faster 
than native 27-kDa rat amelogenin (Fig. 1B), essentially as 
expected based on the regression formula derived from ESI-MS 
measurements of fractions (Figs. 1 and 5, Table 3; rM179 
Mr

deducedSDS 26.8 kDa). This anomalous SDS-PAGE mobility, as 
others have noted (e.g., Fincham et al., 1991), is a characterizing 


