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Supplementary Figure S1: Biochemical signatures of MMUS515 molar during multiple stress events.
(a) Ba/Ca distribution map shows multiple bands of increased concentration. Timing of Ba bands was
determined by histological analysis. (b) Area highlighted in a. Discrete bands of high Ba are shown
by arrowheads corresponding to this animal’s medical history (e, f). (C) Histological light microscopy
image. Accentuated lines have been temporally labelled corresponding to medical data in €. (d)
Raman spectroscopy map generated using principle component analysis. Raman analysis was
performed on the facing tooth block of the thin section analysed in a-c. (¢) Summary of macaque’s
medical history. Event numbers correspond to data in b-d. (f). Percent weight change over
consecutive measurements as proxy for skeletal growth trajectory. Severe disruptions in normal
weight gain trajectory are indicated by numbers and are coincident with medical events (€) and bands
of increased Ba concentration (b). The DEJ is indicated by a dashed line.
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Supplementary Figure S2: Elemental images of MMU401 with the dentine-enamel junction (DEJ)
indicated by a dashed black line; (a) Ba/Ca, (b) Sr/Ca, (¢) Pb/Ca and (d) Zn/Ca.
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Supplementary Figure S3: Elemental images of MMU336 with the dentine-enamel junction (DEJ)
indicated by a dashed black line; (a) Ba/Ca, (b) St/Ca, (c) Pb/Ca and (d) Zn/Ca.



Supplementary Figure S4: Heat shock protein-70 distribution in dentine. (a) Cross-sectional view of
dentinal tubules shows that HSP70 is deposited on the periphery of dentinal tubules, presumably on
the intratubular dentine. Stress-related band of increased HSP70 expression is also seen (*). Image
adjustments: brightness +20 %, contrast +20 %. (b) Longitudinal view of dentinal tubules showing
HSP70 expression is maximal on the wall of the tubules. Scale bar =20 um.



Supplementary Figure S5: Imprint of stress events in dentine identified by heat shock protein-70
expression in MMU401 molar shown in Fig. 1. (a) View of fluorescent banding in relation to DEJ,
indicated by red arrow head. (b) View of fluorescent banding in relation to pulp (P). Banding is
labelled relevant to events in Fig. 1. Scale bar = 100 pm. Image adjustments: brightness +20 %,
contrast +20 %.



--

High

Supplementary Figure S6: Raman spectroscopic maps of MMU401 molar generated using different
band parameters; (a) 874 cm™ band intensity, (b) 1242 cm™ band intensity, (¢) 1045 cm™ band area
(d) 1070 cm™ band intensity, (€) 959 cm™ band width, (f) 1046 cm™ band position, (g) band area ratio
959/1070 cm’™, (h) band area ratio 959/1242 c¢m™, (i) principle component analysis (PC 3 left and PC
2 right).The DEJ is indicated by a dashed red line.
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Supplementary Figure S7: Raman spectroscopic maps of MMU336 molar using different band
parameters; (a) 1388 cm™ band area, (b) 812 cm™ band area, (c) 1070 cm™ band area, (d) 959 cm™
band area, (€) 812 cm™ band position, (f) 1342 cm™ band width, (g) band area ratio 959/1070 cm™,
and (h) PC 5 obtained using principle component analysis. DEJ indicated by dashed red line.
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Supplementary Figure S8: Principle component analysis of spectra extracted from a Raman
spectroscopy map collected from MMU401. (a) PCA scores plotted as PC 1 vs PC 2 and (b) PC 2 vs
PC 3. (c) Averaged spectra extracted from dentine along accentuated lines (red) and adjacent dentine
(blue). Loadings plots from (d) PC 1, (e) PC 2 and (f) PC 3.
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Supplementary Figure S9: Principle component analysis of spectra extracted from a Raman
spectroscopy map collected from MMU336. (a-c) 3D PCA scores plots of PC 2 vs PC 3 vs PC 4. (d)
Averaged spectra extracted from dentine along accentuated lines (red) and adjacent dentine (blue). (e-

g) Loadings plots for (e) PC 2, (f) PC 3 and (g) PC 4.
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Supplementary Figure S10: Principle component analysis of spectra extracted from a Raman

spectroscopy map collected from MMUS515. PCA scores plotted as (a) PC 1 vs PC 2 and (b) PC 2 vs
PC 3. (c) Averaged spectra extracted from dentine along accentuated lines (red) and adjacent dentine

(blue). Loadings plots from (d) PC 1, (e) PC 2 and (f) PC 3.
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Supplementary Figure S11: Comparison of detail available from MMU401 molar using high
resolution Raman spectroscopy (left) and traditional light microscopy method (right). Green arrows
indicate regular incremental lines and blue arrows indicate accentuated lines in dentine not observed
under light microscopy. The Raman spectroscopy image was taken from the facing tooth block of the
thin section analysed in the light microscopy image.
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Supplementary Figure S12: Negative control for fluorescent microscopy used in HSP70
experiments. (&) Overview of human tooth sample under x20 objective (scale bar is 100 um) showing

auto-fluorescence along the DEJ. (b) Overview of human tooth sample under x10 objective (scale bar
is 100 pm) showing auto-fluorescence along dentine exposed by attrition at the tooth crown. Dark
circles are bubbles under the coverslip. Image adjustments: brightness +20 %, contrast +20 %.

13



Supplementary Figure S13: Positive control immunohistochemical stain for dentin matrix protein-1
(DMP-1). (a) Overview of human tooth sample under x20 objective (scale bar is 100 pm) and (b)
higher magnification showing distribution of DMP-1 along tubule walls (scale bar is 10 um). Image
adjustments: brightness +20 %, contrast +20 %.
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Supplementary Table S1: Comparison of medical records of animals included in this study with
accentuated line (AL) age determined by light microscopy and correlation of elemental and Raman
accentuated lines

ID AL age AL Medical records Elemental Raman
(days)® label AL"® AL¢
MMU401 | 0 0 0: Birth 0 0
12: First physical exam/tattoo
19-33: New social group formation
25 1 1 1
(dam present)
51-55 2 2 2
142-151 3 3 3
163 166-194: Hospitalization
179-189 4 4 4
199
223-231 5 217-232: Hospitalization 5 5
267-292: Hospitalization H
293-301 6 306-313: Hospitalization 6 6
363 7 357-376: Hospitalization 7 7
403 8 402: Medical euthanasia 8 8
MMU336 | 1116
1133
1146 1147-1187: Hospitalization
1 1
1153-1166 1,2
2 2
1210 3 34 3
1220-1231 | 4 1222-1277: Hospitalization ’ 4
1275-1291 | 5 1273-1291: Hospitalization 5 5
1301-1317 1317: Conception 1 C
1319-1327 | 6 6.7 6
1335 7 ’ 7
1364-1382: Hospitalization
1365-1373 1 8 1367: Spontaneous abortion 8 8
1387-1394 | 9 9 9
1410-1413: Hospitalization
1413: Medical euthanasia
MMUS15 | 0 0: Birth 0 0
10: First physical exam/tattoo
35-47 1 33: 8-hr Relocation (dam present) 1 1
2293 ) 93-94: 25-hr Biobehavioural ) )
assessment
106 3 3 3
132-140 4 4 4
166: Hospitalization (dam present) A A
179: Relocation (dam present)
192: New social group formation (dam B

present)
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201: Dam conceived subsequent
offspring

224-253 5 5 5
465-502: Hospitalization
536: Hospitalization
561: Medical euthanasia
MMU152 | 0 0: Birth 0
46 1 1
79-80: 25-hr Relocation
(Biobehavioural assessment control
subject)
91 2 2
105 3 3
114
133-135
167
185-193 4 4 4
207-209 5 5 5
256: First physical exam/tattoo
255-261 257-282: Hospitalization 6
469: Hospitalization H
487: Medical euthanasia
MMU325 | 0 0 0: Birth, first physical exam/tattoo 0 0
35 1 1
54 2 2
74-90¢ 3 90-91: 25-hr Biobehavioural 3
Assessment
127 4 124-137: Hospitalization 4 4
164 5 165-179: Hospitalization 5 5
202 6 190-207: Hospitalization 6 6
230 220: Hospitalization H H
250 221: Medical euthanasia
MMUI151 | 0 0 0: Birth 0
92: First physical exam/tattoo
104° 1 105-106: 25-hr Biobehavioural 1
Assessment
139-168: Hospitalization (dam
134
) present) . ) )
171: Dam conceives subsequent
169 .
offspring
192
206 3 206: Tattoo redone 3 3
234
258 4 271-288: Hospitalization 4 4
294 288: Housed indoors
300 5 5 5
308
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350 6
382 7
442
454 8
469: Relocation
482 477: Medical euthanasia
MMU619 | 0 0 0: Birth
9-12 14-19: Hospitalisation
32: 8-hr Relocation (dam present)
46-52
68-75
108-114 1 95-96: 25-hr Biobehavioural
assessment
124: Physical exam, tattoo
138
162 154: 8-hr Dam relocated
188-191 2
201 NA
221-225 217: Dam conceives subsequent
offspring
249-258
271-286 3 285-301: Hospitalisation
299-302 4
299-308
424: New social group formation (dam
absent)
481: Hospitalisation
540: Medical euthanasia
MMU473 | 0 0 0: Birth
36-46
55-77 60: First physical exam/tattoo
103-111 104-105: 25-hr Biobehavioural
assessment NA
111-130
153
186: Relocation, indoor
169-209 187: Euthanasia (research)
MMU542 | 0 0 0: Birth
52-74 1 70: First physical exam/tattoo
92-93: 25-hr Biobehavioural
93-116 assessment NA
121-169 2
185-261 3 186: Hospitalisation, medical

euthanasia

* Ranges indicate multiple estimates of the same event in different cusps.
® Identification of elemental AL was performed by overlaying elemental and aged light microscopy

maps.
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¢ Uppercase letters refer to AL observed in the elemental and Raman maps that were not observed or
aged in the light microscopy map.

4 Identification of Raman AL was performed by overlaying elemental and Raman maps or Raman and
light microscopy maps of the same section. Because many of the Raman maps were taken from the
facing tooth section, the aging of Raman AL is less precise.

¢ There is some uncertainty regarding timing of these AL across different cusps and therefore
correspondence with the event is only potential
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Supplementary Table S2: Raman spectroscopy band assignments

59-61

Raman
Assignment Association Shift

(1 cm™)
v(CC), v(COC) Collagen 812
igglicnl;l) aromatic, Collagen 854
E;?:lg;(yproline Collagen 874
vi(POS) Phosphate 959
v2(PO,>) Phosphate (b-type carbonate substitution) 1031
v3(PO4™) out of Phosphate (b-type carbonate substitution),
phase, V3(C032') carbonate 1045
vi(CO5%) Carbonate (b-type) 1070
d(NH) Amide IIT 1242
O(NH) Amide III 1270
d(CH) Amide [ 1424
d(CH) deformation Amide | 1449
d(CH) Amide [ 1463
v(CC), v(C=0) Amide I (B sheets) 1637
v(C=0) Amide I (a-helix) 1666
v(C=0) Amide I (turns) 1687

v — stretching,  — bending,
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Supplementary discussion
Sample Selection

Thin sections were required to age accentuated lines in enamel and dentine by light
microscopy. Elemental maps using laser ablation-inductively coupled plasma-mass spectrometry
(LA-ICP-MS), were collected on the same sections. However, Raman spectroscopy could not be
directly performed on sections from MMU401, MMUS515, MMU152 and MMU619 due to
fluorescence from the underlying glass slide interfering with the sample signal. We performed
Raman spectroscopy analysis on the facing tooth block of these thin sections. We used the
dentine-enamel junction and neonatal line to estimate timing of accentuated lines observed in
Raman spectroscopy maps and compared these to accentuated lines temporally labelled in the

corresponding light microscope images and elemental maps.

Expanded Raman Spectroscopy Discussion

Raman spectroscopy has been used to examine the molecular structure of different tissues
within teeth (e.g. peritubular/intratubular dentine®, dentine-enamel junction®), and changes
induced by external agents (laser irradiation®, physical indentations®, external ionizing
radiation®) and oral diseases (fluorosis®, devitalization of teeth®’, non-carious cervical lesions®®

and caries®’°

). Bands in the Raman spectrum are assigned to specific molecular structures
(Supplementary Table S2) based on the available literature. Changes in the band area or intensity
are attributed to changes in the molecular environment, i.e. the other chemical bonds in
proximity. The Raman spectrometer used in this study has previously been reported to have an

accuracy of + 0.05 cm™ and therefore very small changes in band shift can be accurately

measured®. By mapping band area, intensity, width and position, we can explore the changes in
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the molecular structure across the mapped area and in this case, observe accentuated lines due to
small changes in these band parameters.

Pre-processing tools such as baseline correction and normalization are typically applied
to Raman spectra to remove variance in the spectra. However, there are currently no standard
procedures recommended. We generated Raman maps with and without polynomial baseline
correction of the raw data, followed by calculation of the second derivative to remove any
sloping baseline and aid in resolving spectral windows that contained numerous overlapping
bands. Comparison of these two different data sets revealed no marked difference in the quality
of images in regards to the clarity of accentuated lines.

Accentuated lines were clearly visible in maps generated by calculating the area,
intensity, width or position of different bands. This indicates differences exist in the molecular
structure of dentine/enamel deposited along accentuated lines and adjacent tissue. The clarity of
accentuated lines in Raman spectroscopy maps varied depending on the band parameter selected
to generate the map. In addition, maps that were generated with a particular band parameter that
produced a map showing accentuated lines were not found to produce consistent results across
all samples and did not show the same trends in all samples. For example, accentuated lines in
MMU401 were visible as an increase in the intensity of the amide III band at 1242 cm™ but a
decrease in the same band intensity of spectra collected from sample MMUS515, and accentuated
lines were visible as both increases and decreases in the phosphate/carbonate band area ratio in
MMU401 maps (see Supplementary Fig. S6).

We used principle component analysis (PCA) to examine spectra extracted from

dentine/enamel deposited along accentuated lines to establish if the data could be objectively
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classified as a separate group from adjacent tissue. Loadings plots were also expected to give an
indication of where the differences in spectra occurred.

I.”" studied the effect of different pre-processing methods on PCA of

Gaigneaux et a
Raman spectra and found that baseline correction and normalization improved spectrum
classification but use of first or second derivatives was not recommended for PCA. We ran PCA
on spectra extracted from accentuated lines and adjacent tissue of MMU401, MMU336 and
MMUS15 samples, with and without baseline correction. Either method showed grouping of
dentine/enamel deposited along accentuated lines and adjacent tissue, however greater overlap
was observed for MMU336 enamel.

The Raman analysis of enamel in samples MMU336, MMU325 and MMU151 was
complicated by fluorescence of the glass substrate the samples were mounted on and the change
in enamel density across the immature enamel. The enamel spectrum from these samples was
very different with an intense, broad band observed in the 1500 — 1300 cm™ spectral range which
was not observed in the Raman spectra from other samples. The underlying adhesive used to fix
the sample to the slide is a major contributor to this band. However, accentuated lines are clearly

observed in maps of this band range. Further investigation is required to separate the signal from

the accentuated lines and that from an interaction of the sample with the adhesive.

Expanded Heat Shock Proteins Discussion

Heat shock proteins are evolutionary highly conserved molecular chaperones. For
example, the major HSP70 from Escherichia coli, DnaK, shares around 50 % amino acid identity
with eukaryotic HSP70 proteins®”’>. While some heat shock proteins, such as HSP27 and HSP70
are inducible, released at higher levels in response to environmental and physiological stressors,
42839

others, such as HSP90, are constitutively expresse
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Glucose related protein 78 kDa (GRP78 or HSPAS) is a member of the HSP70 family.
GRP78 is a membrane receptor for endocytosis dentin matrix protein-1 (DMP-1)"*"* an
essential regulator of dentine mineralization’”. DMP-1 is present in odontoblasts, dentinal
tubules and ameloblasts, and regulates DSPP gene transcription’®. DMP-1 is also involved in the
biomineralization of bones’’, phosphate homeostasis’®, and differentiation of odontoblasts and
osteoblasts”’. DMP-1 null mice show a distinct phenotype characterized by maturation defects of
dentin and hypomineralization™.

Considering the evolutionary conservation and similar properties of GRP78 and other
HSP70 isoforms, stress-induced HSP70 may act as a decoy receptor for DMP-1 and hence alter
the structure of dentin by sequestering the odontoblastic DMP-1. We speculated that the
proposed bimodal switch may act as a biological marker of early life stressors with signatures
embedded into the dentin matrix.

HSP-70 is a molecular trap with open and closed conformations. Binding affinity of
HSP70 to other proteins is inversely proportional to [ATP]/[[ADP]*'. When excess ADP is
present, mammalian HSP70 binds tightly to other proteins. Upon restoration of ATP
concentration, structure of HSP70 changes from close to open conformation following hydrolysis
of ATP®'. Hence considering the structural and functional similarity of HSP70 to GRP78
(endocytotic receptor of DMP-1), one may argue that stress-induced HSP70 release by
odontoblasts may mimic GRP-78 and hence sequester DMP-1. Microanatomical similarity of

dentin tubular disruption to dentinal features of Dmp-1 null mice®® bolsters this hypothesis.

Image Processing

Background in light micrographs in Fig. 1 and 2 (panel C) was deleted for clarity and to
allow labelling. Backgrounds of elemental maps were converted to black (absent from the color
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intensity scale) to clarify sample boundaries from the substrate. Elemental maps were rotated and
black boarders added where needed to align rectangular figures. Backgrounds of Raman
spectroscopy maps were converted to blue (absent from the grey scale) to clarify sample
boundaries from the substrate. The width of the Raman spectroscopy map in Fig. 2D was
increased to better enable visualization of Raman accentuated lines within the confines of the
figure panel. Image contrast and brightness was adjusted in Supplementary Fig. S3A, as noted in
the corresponding figure legend. Brightness of the light micrograph in Fig. 2C was also adjusted

(+50).
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