[bookmark: _Toc225090532]Supplementary Note 1. Site information of Zhoukoudian, Hexian, and Sunjiadong

The Zhoukoudian site
The Zhoukoudian site is located in Fangshan District, Beijing, northern China. ~ 200 hominin fossils were recovered from Locality 1 during 1921-1923, 1927-1937, 1949-1966, representing over 40 individuals of various ages 1-9. Notable discoveries include the first calotte (Skull III) of Peking Man found in 1929 10 and three additional calottes (Skulls X, XI, and XII) uncovered in 1936 6. Currently, only 15 original Peking Man fossils are preserved, including 11 specimens (two cranial fragments belonging to Skull V, one mandible, two limb bones, 6 isolated teeth housed at the Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences, in Beijing, China, and 4 isolated teeth stored at Uppsala University, Sweden 3,4,7,11,12. Multiple dating methods, including fission track, uranium-series, thermoluminescence, electron spin resonance, thermal ionization mass spectrometry, and cosmogenic burial, indicated that the Peking Man from Locality 1 lived between 0.78 - 0.3 Ma 13-19. A new species, Sinanthropus penkinensis, was created for this population in 1927 20, which later was reclassified with fossils from Indonesia as H. erectus 21,22. 

The Hexian site
The Hexian site is situated at Taodian Village, Hexian County, Anhui Province, in southern China. During the 1980-1981 excavations, 15 hominin specimens were found, including a fairly complete calotte, two cranial fragments, one left mandibular corpus with two isolated teeth, and 11 other teeth, representing around 3 individuals 23,24. Combined U-series and electron spin resonance (ESR) analysis estimated the Hexian hominins to ~ 0.41 Ma 25. Initially, the Hexian hominins were considered a more derived form of H. erectus due to their less robust features compared to the Zhoukoudian specimens 23. However, recent studies suggest that they are actually more primitive, aligning with Indonesian Early Pleistocene H. erectus in both cranial and dental morphology 26,27. The Penghu 1 hominin, recently confirmed as Denisovan through paleoproteomic data 28, was shown to display robust and primitive dentognathic features more similar to the Hexian hominins than to other penecontemporaneous fossil records 29.

The Sunjiadong site
The Sunjiadong site is situated in Luanchuan County, Henan Province, central China. During the 2012 excavation, six teeth were recovered, two of which were attached to a small jawbone 30,31. These fossils were linked to three individuals: a child (6-7 years old), an adolescent (11-12 years old), and an adult, based on the developmental profile of recent H. sapiens 31.  In this study, we include two teeth (12SJD1#10-42 and 12SJD1#10-45) from layer four and one tooth (12SJD1#14-22) from layer five, corresponding to these three individuals. The associated faunal remains suggest a Middle Pleistocene age, with subsequent dating estimating the hominin fossils to 0.4 Ma 30,31. Both the crown size and dental morphologies of the Sunjiadong hominins closely resemble those from Zhoukoudian 31. 
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[bookmark: _Toc225090534][bookmark: _Hlk204065526]Supplementary Note 2. Chlorination and dichlorination of Y residues in Hexian samples
[bookmark: _Hlk204183858][bookmark: OLE_LINK1][bookmark: OLE_LINK9]We detected some unexpected mass shifts, +33.96, +35.96, +67.92, +69.92, and +71.92, on tyrosine (Y) residues in both Hexian H. erectus samples. We identified them in PEAKS PTM, pFind Open Search, and MaxQuant dependent peptides (no +71.92 in MaxQuant) as post-translational modifications (PTMs). After a manual check to rule out the possibility of any PTMs and mutations with similar mass shifts, these detected mass shifts were classified as chlorination (+33.96, +35.96) or dichlorination (+67.92, +69.92, +71.92) at the ortho position of the phenolic hydroxyl group in the side chain of a Y residue based on their isotope patterns. These PTMs were further validated with additional PEAKS and pFind searches, including all possible PTMs on Y residues in the variable modification list, which prevents these halogenation PTMs on Y residues from being identified as any other PTM.
Additional mass shifts were identified in PEAKS PTM that could be classified as a single bromine substitution (bromination, +77.91 and +79.91) on each residue, as a byproduct of the aryl chlorination reaction. These mass shifts appeared in only a few peptides in our results and were not present in the pFind and MaxQuant results.  Moreover, the 81Br substitution is more likely to be a phosphorylation (+79.97). Therefore, we only considered it a minor side reaction PTM and did not include it in our second-round search. 
In the pFind search, chlorinated Y residues are primarily found in AMEL (>98%), with fewer in AMBN and ENAM. For Hexian S1, over 98.5% of Y residues were chlorinated or di-chlorinated (Cl-Y 24.1%, diCl-Y 74.4%). For Hexian S2, 32.1% of Y residues were chlorinated, with some dehydrated Y residues. The PEAKS and MaxQuant results were similar, confirming the accuracy of chlorinated Y identification. 
[bookmark: _Hlk209107734]We conducted experiments to eliminate the possibility that these PTMs originated externally after burial. First, these PTMs were not introduced during the experiment, since no chlorine was added during protein extraction, and there was no evidence of chlorination or dichlorination in the blank extraction or positive control groups. Additionally, since none of these modifications were found as a major modification on Y residues in enamel samples from Hexian fauna from the same layer (one giant panda, Ailuropoda melanoleuca, and one wolf, Canis lupus), it is unlikely that they resulted from the taphonomy process either. Therefore, we concluded that these PTMs are probably endogenous, since there have been reports 32,33 of chlorinated and dichlorinated Y in peptides from inflamed tissues. A possible mechanism for the endogenous origin of halogenated Y in Hexian H. erectus samples is that, during inflammatory reactions, myeloperoxidase (MPO)—an enzyme produced by neutrophils—oxidizes chloride ions (Cl-) to produce hypochlorous acid (HOCl). This HOCl acts as an electrophile in aryl chlorination, chlorinating the electron-rich phenolic hydroxyl group in the Y side chain. Bromination may also occur as a side reaction. These processes could happen during enamel formation, as chlorinated Y residues are found in the main enamel proteins. 
Previous research 34 on morphology and pathology indicated the presence of cranial wounds on Hexian H. erectus. These injuries and subsequent infections may have contributed to inflammation. However, as no direct evidence has yet established a connection between the cranial wounds and enamel growth, and considering that chlorination was not identified as a major post-translational modification (PTM) on Y residues in other archaeological human enamel proteomes associated with inflammation and immune response 35, the specific mechanisms of chlorination and its physiological effects warrant further investigation. 

[bookmark: _Hlk208411514]Supplementary Note 3. The comparisons of Pleistocene teeth and blank controls
Our ancient samples showed significantly different characteristics from blank controls, including fragment patterns, peptide length distributions, PSM counts and assignments, amino acid composition and peptide acidity, and PTMs. Among the sites, samples from Zhoukoudian, Sunjiadong, and Harbin were similar. They had similar average peptide pI values (6.32-6.56), and preserved higher PSM counts than the Hexian samples (HX-S1, HX-S2), indicating better preservation (Supplementary Table 1). The additional PTM on Y residues in the 2 Hexian samples also suggested a higher level of degradation and a distinct taphonomic process. Although Hexian samples differed slightly, the proteomes of all samples from the 3 sites showed clear ancient enamel features, including elevated deamidation levels of N/Q residues and a higher percentage of P residues (Supplementary Table 3). 

(1) Fragment characteristics, PSM number, and assignment
Many more PSMs were identified in the sample fractions than in the blank controls (Supplementary Table 1). No PSM or peptide matched common microbial contaminants. And no PSM or peptide from enamel protein was detected in blank controls using either the “Hominidae enamel database” or a larger database search (SwissProt). Notably, all blank controls showed very high tryptic rates, a fragment characteristic of lab contaminants. On the contrary, all our ancient samples showed similar fragment characteristics, with high non-tryptic rates (85.1-87.1%), close to the random (unspecific) cleavage rate during degradation.

(2) Peptide length distribution: 
The new ancient samples showed different peptide-length distributions from the blank controls. Both the percentage and count of peptides in our ancient samples decreased with increasing peptide length, while the blank controls showed a count peak at 11-16, with no clear pattern in peptide percentage (Supplementary Figs. 1 and 2). And this pattern was quite similar in all sites.

(3) Amino acid composition and peptide isoelectric point (pI, Acidity):
All samples had an average peptide isoelectric point (pI) above 6.32 and fell within the range of ancient and modern human enamels (5.90-7.41), while all blank controls were below 5.73 (5.15-5.73). Additionally, all enamel samples exhibited the same amino acid composition pattern, such as the significantly elevated level of P in enamel samples (>19.3% and >20.0% in new samples) compared to all blank controls, which were less than 3.6% (Supplementary Table 3). Lower levels of Q and higher percentages of A, D, T, and V were also observed in all blank controls (Supplementary Table 3). The new samples showed a lower G percentage than the modern enamel samples, consistent with the two published ancient samples, suggesting an ancient origin.

(4) PTMs:
All ancient samples had elevated deamidation N/Q levels (>91%), while all blank controls were nearly 0, and the modern enamel sample was between 40% and 50%. (Supplementary Table 6). Other PTMs, such as biological-related Phosphorylation S/Y, high-level Oxidation/Dioxidation M, and degradation-related PTMs on W and R residues, further authenticate the ancient enamel proteome.

(5) Comparison of the results of two different labs:
[bookmark: _Hlk225618997][bookmark: OLE_LINK6]Across two labs, the PSMs identified from the Orbitrap Exploris 480 at Fudan University (FD) fractions were a subset of those identified from the Orbitrap Fusion Lumos at Capital Medical University (SY) fractions (Supplementary Table 2), except for a few contaminant PSMs and 1 PSM from SERPINC1. This is expected since we used the same peptide extraction but different data-acquisition gradients and repetitive runs: 65 minutes at FD for one run and 120 minutes at SY for two or three runs. Results from the two labs also showed similar fragment characteristics (Supplementary Table 5), peptide length distributions (Supplementary Fig. 3), and deamidation N/Q rates (Supplementary Table 7), and only showed a systematic difference in average peptide acidity (Supplementary Table 4, pIFD - pISY = 0.20-0.70), possibly due to different chromatographic conditions, as SY used a relatively longer gradient at the lower organic buffer ratio (11-28% B for 88 min). Thus, a longer data acquisition time with repetitive runs could help acquire more PSM identifications while maintaining stability in most peptide characteristics.

[bookmark: _Toc225090536][bookmark: OLE_LINK2]Supplementary Note 4. Corrections on H. erectus AMELY consensus sequences
AMELY-179+180 is an 'LR' in modern humans (about 7.8% 'LQ' in East Asians and significantly fewer ‘LT’ in East Asians and Europeans), Neanderthals, and Denisovans. It is an 'MR' in Pan and Gorilla, and an 'MQ' (=AMELX) in Pongo and other Hominid species. Furthermore, ATD6-92, Homo antecessor 36, was identified here as an 'MR', supported by numerous high-quality peptides (>30 PSMs) demonstrating comprehensive y/b ion coverage on 179M (≥3). 
[bookmark: _Hlk221238134]In our H. erectus data, however, there were significantly fewer peptides containing AMELY-179+180 MR, and their y/b ion coverage on 179M (≤2) was not as comprehensive as that of the peptides identified in ATD6-92. Specifically, no peptides containing AMELY-179 with 180 were detected in the two Hexian samples. In ZKD, SJD10M, and SJD14M, five to nine peptides (11-15 PSMs; maximum y/b ion coverage of one at the terminal, or two not at the terminal) carrying AMELY-179M+180R were identified, with one to two peptides (one to two PSMs; maximum y/b ion coverage of one at the terminal, or one not at the terminal) containing 179L in the PEAKS analysis. Additionally, an extended search specific to AMEL revealed the presence of another five to nine peptides carrying unexpected amino acids at position AMELY-179. This indicates that other amino acids might coexist with M at AMELY-179. Since each human genome typically has only 0 or 1 allele for AMELY, a heterozygous AMELY-179 is nearly impossible. Additionally, AMELY-179M could not be confirmed in MaxQuant analyses: only SJD10M had 179M+180R peptides (but with no y/b ion coverage), and a 179L peptide was found in SJD14M. 
Therefore, a consensus on AMELY-179M is not sufficiently supported (180R is acceptable). This may indicate poor conservation at this amino acid position. Consequently, we marked AMELY-179+180 as an 'XR' in our H. erectus consensus sequences when these sites were identified. 

Supplementary Note 5. The detection and confirmation of the new SAP AMBN-253G
During the initial search, AMBN-253A was not detected across all software platforms. However, there was coverage at the amino acid sites between AMBN-249 and 260. As a result, we suspected the possible presence of an SAP. We analyzed the peptides with mutations using pFind, and the mutation at AMBN-253 was an A-to-G substitution. For each H. erectus sample, the AMBN-253G variant was detectable in both PEAKS de novo and MaxQuant dependent peptides. On average, approximately 50 spectra were observed in raw data from the Sunjiadong and Zhoukoudian samples within PEAKS de novo, with similar spectral counts—around 50—for each sample within MaxQuant dependent peptides. In Hexian samples, fewer spectra containing AMBN-253G were detected, corresponding with their poorer preservation. According to gnomAD and UniProt, AMBN-253 A->G is a novel SAP that does not exist in the modern human population or other animals, and is thus a derived SAP in only observed in the H. erectus samples. 
Following the inclusion of the sequence with AMBN-253G into our database, subsequent second-round searches consistently identified AMBN-253G, but not 253A, across all six Homo erectus samples, using all software platforms. Supported by numerous high-quality peptides corroborating this SAP (see Supplementary Fig. 1 and Table 1), a G at position 253 in the AMBN protein existed across all six H. erectus samples. 

[bookmark: _Toc225090537]Supplementary Note 6. Phylogenetic reconstruction
For the phylogenetic analysis, we reconstructed the consensus sequences of endogenous proteins from each sample, covering 332 to 599 amino acid positions in enamel-related proteins that overlap in PEAKS Online, pFind, and MaxQuant. (Methods). We then estimated phylogenetic trees using a Bayesian framework 41 for these six sample consensus sequences, along with the translated protein sequences from previously published high-coverage genomes, including a gorilla 24, a chimpanzee 24,  Denisova 3 42, two Neanderthals (Altai, Vindija33.19) 43,44, an African, and an Oceanian carrying the AMBN-273V mutation 25. 
All Homo individuals group together with 100% posterior probability support (Extended Data Fig. 3). All six Middle Pleistocene H. erectus samples from Zhoukoudian, Hexian, and Sunjiadong also form a strongly supported monophyletic group (posterior probability 100%, Extended Data Fig. 3). This is confirmed by the SAP described in the main text, which is exclusive to these samples (AMBN-253G). Further phylogenetic relationships within the Homo group are unable to be resolved due to the limited number of informative sites and the fact that most of the branches are supported by one or several SAPs, especially the AMBN-273V mutation, which is present in all six Middle Pleistocene H. erectus samples, as well as in Denisova 3 and a modern human from Oceania (posterior probabilities of 43%, 43%, and 54%, respectively, Extended Data Fig. 3). Although this allele is likely shared through introgression, due to the limited amount of data, it is not possible to directly incorporate introgression signals into the phylogenetic tree using the nuclear genomic method. 

Supplementary Table 1 ｜ PSM and peptide counts of the proteins of the ancient samples of this study and related blank controls.
	Sample
	PSM
	Peptide
	 Non-tryptic peptides (%, C-terminal)

	
	All
	Endogenous 
	Exogenous
	All
	Endogenous 
	Exogenous
	

	ZKD
	22107
	21865
	242
	2201
	2134
	67
	87.1

	SJD10M
	15467
	15466
	1
	2809
	2808
	1
	87

	SJD10A
	12520
	12509
	11
	2015
	2013
	2
	87.1

	SJD14M
	15547
	15541
	6
	2721
	2720
	1
	87

	HX-S1
	4097
	4094
	3
	652
	650
	2
	87.3

	HX-S2
	5182
	5181
	1
	821
	820
	1
	85.1

	Harbin
	17852
	17814
	38
	3476
	3457
	19
	85.5

	ZKD_BK
	642
	0
	642
	148
	0
	148
	0.7

	SJD_BK
	26
	0
	26
	21
	0
	21
	28.6

	HX_BK
	29
	0
	29
	22
	0
	22
	0

	ZKD-BK-SP
	9362
	0
	9362
	2029
	0
	2029
	0

	SJD-BK-SP
	75
	0
	75
	73
	0
	73
	4.1

	HX-BK-SP
	1389
	0
	1389
	989
	0
	989
	0


*SP=SwissProt database.

Supplementary Table 2｜ Peptide numbers identified in fractions from the 2 labs.
	Sample
	SY-specific Peptide
	Peptide in both labs
	FD-specific Peptide

	ZKD
	913
	1253
	35 (all contaminant)

	SJD10M
	2392
	417
	0

	SJD10A
	1692
	322
	1 (SERPINC1)

	SJD14M
	2188
	533
	0

	HX-S1
	448
	202
	1 (contaminant)

	HX-S2
	433
	388
	0



Supplementary Table 3 ｜ Amino acid composition and average peptide acidity of ancient samples and blanks of the current study, compared with published samples.  
	Amino acid
	ZKD
	SJD10M
	SJD10A
	SJD14M
	HX-S1
	HX-S2
	Harbin
	ZKD-BK
	SJD-BK
	HX-BK
	Penghu1
	Atapuerca
	MH

	A
	2.8
	2.4
	2.2
	2.4
	1.5
	0.9
	3
	8
	7.7
	5.3
	2.6
	2.2
	5.5

	C
	0
	0
	0
	0
	0
	0
	0
	0.4
	0
	0
	0
	0
	0

	D
	3
	2.6
	2.7
	2.6
	2.3
	1.6
	2.3
	6.2
	5.1
	7
	2.7
	2.8
	1.4

	E
	7.8
	7.6
	8
	7.6
	5.1
	3.9
	6.7
	8.3
	12.8
	9
	7.4
	7.2
	4.8

	F
	4.6
	4.7
	5
	4.5
	4.3
	3.1
	4.8
	3
	0.5
	6.3
	4.2
	5
	2.9

	G
	5.2
	5.4
	4.8
	5.4
	3.3
	3.1
	7.2
	9.8
	2.1
	10
	5.9
	4
	17.5

	H
	2.6
	3.1
	3
	3.1
	4.1
	3.1
	2.7
	2
	0.5
	1.7
	3.9
	1.3
	3

	I
	3.1
	3.7
	3.3
	3.8
	4.6
	4.7
	3.2
	6.6
	11.3
	5.6
	3.7
	2.4
	2.7

	K
	3.6
	3.1
	3.8
	3.3
	3.3
	4.2
	2.6
	4.6
	5.1
	3.7
	5.2
	2.9
	3

	L
	9.7
	10.3
	9.4
	10.2
	10.7
	12.2
	10.6
	9.8
	17.4
	14.3
	9.6
	11.3
	7.7

	M
	4.5
	5.1
	4.4
	4.6
	4.7
	3.5
	5.1
	2.5
	0
	1.7
	2.7
	6.8
	2

	N
	2.1
	2.6
	2.3
	2.5
	1.8
	1.7
	2.5
	7.5
	6.2
	3.7
	1.9
	1.8
	2

	P
	23.8
	20
	23.2
	20
	27.7
	26
	20.4
	2
	3.6
	1
	19.3
	26.5
	19.3

	Q
	6.9
	5.6
	6.1
	5.6
	7.9
	6.7
	6
	4.5
	7.7
	2.3
	5.5
	8.5
	4.8

	R
	3.3
	3.9
	3.1
	3.9
	3.1
	3.6
	4
	3.7
	2.6
	4
	3.5
	2.3
	5

	S
	4.2
	5.5
	4.4
	5.6
	3.1
	3.9
	5.2
	8.2
	5.6
	5.6
	5.3
	3.9
	4.9

	T
	3.2
	3.4
	3.2
	3.5
	2.7
	3.8
	3.4
	5
	3.1
	6.3
	4
	3
	2.8

	V
	3.4
	3.4
	3.4
	3.4
	4.7
	4.1
	3.2
	5.8
	7.7
	9
	3.7
	2.9
	3.3

	W
	1.3
	1.3
	1.5
	1.5
	0.4
	2.7
	1.1
	0.1
	0
	1.3
	2.2
	1.1
	1.5

	Y
	4.8
	6.3
	6.4
	6.7
	4.4
	7.2
	5.9
	2.2
	1
	2.3
	6.6
	4.2
	5.8

	Average peptide pI
	6.33
	6.51
	6.56
	6.56
	6.79
	7.14
	6.32
	5.73
	5.31
	5.15
	6.61
	5.9
	7.41



Supplementary Table 4｜ Average peptide acidity (pI) of the fractions from the 2 labs.
	Sample
	ZKD
	SJD10M
	SJD10A
	SJD14M
	HX-S1
	HX-S2

	SY
	6.26 
	6.43 
	6.25 
	6.47 
	6.69 
	7.08 

	FD
	6.50 
	7.12 
	6.95 
	7.07 
	7.19 
	7.28 

	ΔpI
	0.24 
	0.69 
	0.70 
	0.60 
	0.51 
	0.20 



Supplementary Table 5｜ non-tryptic cleavage percentage of the fractions from the 2 labs.
	Sample
	ZKD
	SJD10M
	SJD10A
	SJD14M
	HX-S1
	HX-S2

	SY
	87.1 
	87.0 
	87.1 
	87.0 
	87.3 
	85.1 

	FD
	85.8 
	88.0 
	86.7 
	87.8 
	83.7 
	86.1 



Supplementary Table 6 ｜ PTMs in ancient samples and blanks of the current study, compared with published samples. 
	Sample
	N->D
	Q->E
	PTM on W
	PTM on M
	R->Orn
	PTM on Y
	PTM on S

	ZKD
	94.88%
	92.27%
	Oxidation 9.83%; Dioxidation  2.85%;  W->Kynurenin 1.01%; 
	Oxidation 82.05%; Dioxidation  0.23%; 
	0.20%
	Phosphorylation 0.49%; Dehydrated 0.09%;
	Phosphorylation 21.13%; Dehydrated 0.46%; 

	SJD10M
	91.87%
	93.09%
	Oxidation 5.51%; Dioxidation  1.67%;  W->Kynurenin 0.54%; W->oxolactone 0.16%; 
	Oxidation 52.26%; Dioxidation  0.11%; 
	0.07%
	Phosphorylation 0.56%; Dehydrated 0.10%;
	Phosphorylation 29.03%; Dehydrated 0.56%; 

	SJD10A
	92.93%
	93.53%
	Oxidation 11.73%; Dioxidation  2.78%;  W->Kynurenin 0.43%; 
	Oxidation 61.72%; Dioxidation  0.27%; 
	0.23%
	Phosphorylation 0.40%; Dehydrated 0.20%; 
	Phosphorylation 26.12%; Dehydrated 0.42%; 

	SJD14M
	92.85%
	93.71%
	Oxidation 5.76%; Dioxidation  1.94%;  W->Kynurenin 0.74%; 
	Oxidation 57.50%; Dioxidation  0.21%; 
	0.15%
	Phosphorylation 0.58%; Dehydrated 0.14%;
	Phosphorylation 27.77%; Dehydrated 0.53%;

	HX-S1
	96.52%
	95.55%
	Oxidation 58.54%; Dioxidation  2.44%;   W->oxolactone 39.02%;
	Dioxidation  66.12%; Oxidation 1.47%; 
	14.95%
	Dichlorination 61.55%; Chlorination 31.15%; Dehydrated 2.00%; Phosphorylation 0.16%; 
	Phosphorylation 17.99%; Dehydrated 1.19%; 

	HX-S2
	95.23%
	96.73%
	Oxidation 85.99%; Dioxidation  4.72%;      W->oxolactone 5.28%;    W->Kynurenin 2.56%; 
	Dioxidation  68.99%; Oxidation 2.05%;  
	6.10%
	Chlorination 28.56%; Phosphorylation 0.51%; Dichlorination 0.48%; Dehydrated 0.24%;
	Phosphorylation 25.09%; Dehydrated 1.39%; 

	Harbin
	91.33%
	92.53%
	Oxidation 1.87%; Dioxidation  0.41%; 
	Oxidation  49.37%; 
	<0.01%
	Phosphorylation 0.31%; Dehydrated 0.06%; 
	Phosphorylation 15.61%; Dehydrated 0.44%; 

	ZKD-BK
	6.24%
	5.08%
	NO
	Oxidation 1.01%;
	NO
	NO
	NO

	SJD-BK
	0.00%
	0.00%
	NO
	NO
	NO
	NO
	NO

	HX-BK
	0.00%
	0.00%
	NO
	NO
	NO
	NO
	NO

	Penghu1
	91.07%
	96.10%
	Oxidation 2.20%; Dioxidation 1.62%;   W->Kynurenin 0.53%; 
	Oxidation 89.11%; 
	0.62%
	Phosphorylation 0.03%; Dehydrated 0.01%; 
	Phosphorylation 12.69%; Dehydrated 0.56%; 

	Atapuerca
	94.90%
	95.33%
	Oxidation 27.46%; Dioxidation  17.41%;  W->Kynurenin 4.27%; 
	Oxidation  84.51%; Dioxidation 2.53%;  
	1.03%
	Phosphorylation 1.10%; Dehydrated 0.11%; Chlorination 0.01%; 
	Phosphorylation 27.38%; Dehydrated 0.55%; 

	MH
	47.73%
	40.46%
	Oxidation 2.45%; Dioxidation  0.87%;  W->Kynurenin 0.42%; 
	Oxidation  77.57%; Dioxidation 0.28%;  
	NO
	Phosphorylation 0.40%; Dehydrated 0.48%; 
	Phosphorylation 10.75%; Dehydrated 2.47%; 





Supplementary Table 7｜ deamidation N/Q rates of the fractions from the 2 labs.
	Sample
	ZKD
	SJD10M
	SJD10A
	SJD14M
	HX-S1
	HX-S2

	N->D
	SY
	94.9%
	91.9%
	92.9%
	92.9%
	96.5%
	95.2%

	
	FD
	88.8%
	11.6%
	95.1%
	97.3%
	88.1%
	94.4%

	Q->E
	SY
	92.3%
	93.1%
	93.5%
	93.7%
	95.6%
	96.7%

	
	FD
	91.2%
	94.0%
	94.3%
	92.3%
	98.9%
	96.8%



Supplementary Table 8 | The details of SAPs within Homo identified in six Middle Pleistocene H. erectus specimens and the Harbin individual with 5 ppm and 10 ppm of the precursor mass tolerance.
	SAP assignment
	 Homo erectus (New)
	Denisovan-related
	Confirmation 

	Protein (UniProt Accession)
	AMBN (Q9NP70)
	

	Position
	　
	253
	273
	PEAKS
	pFind

	Data
	Sample
	Age (Ma)
	5ppm
	10ppm
	5ppm
	10ppm
	　
	　

	New
	ZKD
	0.42
	G (109;17)*
	G (124;21)
	V (249;54)
	V (252;52)
	√
	√

	New
	SJD10M
	0.4
	G (190;40)
	G (191;39)
	V (222;80)
	V (219;75)
	√
	√

	New
	SJD10A
	0.4
	G (17;9)
	G (24;9)
	V (79;45)
	V (87;46)
	√
	√

	New
	SJD14M
	0.4
	G (139;36)
	G (145;35)
	V (216;72)
	V (211;69)
	√
	√

	New
	HX-S1
	0.41
	G (3;2)
	G (3;2)
	V (2;2)
	V (4;3)
	√
	√

	New
	HX-S2
	0.41
	G (10;6)
	G (9;4)
	V (3;3)
	V (8;6)
	√
	√

	New
	Harbin
	>0.146
	A (275;58)
	A (276;58)
	 V(216;79):M(46;38)
	V(211;79):M(49;38)
	√
	√
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Supplementary Fig. 1｜The percentage of Peptide lengths for all 6 H. erectus samples and blanks. ‘-SP’ indicates the database was changed to SwissProt.
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[bookmark: _Hlk220486596]Supplementary Fig. 2｜ The counts of Peptide lengths for all 6 H. erectus samples and blanks. ‘-SP’ indicates the database was changed to SwissProt.
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Supplementary Fig. 3｜ peptide length distributions in fractions from the 2 labs.
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Supplementary Fig. 4｜ PSM coverage of all proteins.

Other supplementary materials for this study include:
Supplementary Data 1.
Dentin and enamel results of the animals from the Zhoukoudian, Sunjiadong, and Hexian sites.

Supplementary Data 2.
Fasta file containing consensus sequences of endogenous proteins generated from the six H. erectus samples and the Harbin individual. Note that the amino acid consensus in the fasta sequence requires coverage by at least two peptides; thus, single-peptide supported positions were represented by X.

Supplementary Data 3.
DNA sequence divergence between 2 phased diploid African genomes compared to diploid Altai Neanderthal and Denisova 3 genomes over the 200 kb region of chromosome 4 flanking the rs564905233 SNP, calculated over 20 kb windows with 2 kb steps. Windows containing rs564905233 are highlighted in blue.
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