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ABSTRACT Objective: To explore the roles of Folic acid (FA) in cultured human embryonic kidney cells (HEK-293) on histone
modification levels. Methods: The cultured human embryonic kidney cells were divided into two groups. One group was cultured with
normal DMEM, while the other group was cultured with Folate-free culture medium. Histone modification level was detected and
compared by HPLC linear ion trap/Orbitrap high-resolution mass spectrometry (HPLC-LTQ/Orbitrap Ms) between two groups. Results:
33 Modification sites were found in the H1, H3, H4, H2a and H2b variants by HPLC-LTQ/Orbitrap Ms in the human embryonic kidney
cells. And the level of H3K79mel and H3K79me2 were found significantly lower in FA deficiency group than in the control group. And
the western-blot confirmed that the H3K79mel level was lower in Folate-free group. Conclusion: The FA deficiency in cell environment
affects histone methylation modifications which suggests neural tube defects (NTDs) may be partly due to lack of nutrition factors such as
FA.
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Fig.1 Coomassie Blue-stained SDS gel with the HEK-293 samples for MS
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Note: SDS-PAGE separation of acid extracted histone from HEK-293

cells. Five microliters of acid-extracted proteins were loaded on a 15 %

protein gels and stained with Coomassie Blue dye. The locations of the
linker histone protein H1 and the core histone proteins H3, H2B, H2A and

H4 were noted.
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Fig.2 A summary of the PTM sites identified in the HEK-293 cells
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Note: The modifications of histone H1, H3, H2B, H2A and H4 were noted

including monomethylation, dimethylation, trimethylation and acetylation.
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Fig.3 A typical mass spectrum to identify H3K79mel
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Note: Mass spectrum of the lysine monomethylated HEK-293 H3 peptide EIAQDFKTDLR. Fragment ions assigned to both y-ions and b-ions are labeled.
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Table 1 Comparison of post-translational modifications of histone H3 between folate-free and folate-normal treated HEK-293 cells

PTMs Peptide Modifications in the peptide Folate-normal 5 Folate-free
K79(Methyl) EIAQDFKTDLR K79(Methyl) ° o . ° o o o °
K79(Dimethyl) EIAQDFKTDLR K79(Dimethyl) o . . ° o o o °
K36(Dimethyl) ATGGVKKPHR K36(Dimethyl) ° o . ° ° o o °
KSAPATGGVKKPHR K27(Trimethyl); K36(Dimethyl) o o o ° o o ° °
KSAPATGGVKKPHR K27(Dimethyl); K36(Dimethyl) o o . . o o ° °
K36(methyl) KSAPATGGVKKPHR 27(Dimethyl); K36(Methyl) o o . . o o ° °
K14(Acetyl) KSTGGKAPR K14(Acetyl) ° o . ° ° o o °
STGGKAPR K14(Acetyl) ° o o o o o o °
KSTGGKAPR K9(Methyl); K14(Acetyl) o o . . o o ° °
KSTGGKAPR K9(Dimethyl); K14(Acetyl) ° o o o . o ° °
KSTGGKAPR K9(Trimethyl); K14(Acetyl) ° o . . . o ° °
KSTGGKAPR K9(Acetyl); K14(Acetyl) o o . . . ° o o
K23(Acetyl) KQLATKAAR K23(Acetyl) ° o ° ° ° ° ° °
QLATKAAR K23(Acetyl) . o . . . o ° °
KQLATKAAR K18(Acetyl); K23(Acetyl) . ) . . o ° ° °
K9(Methyl) KSTGGKAPR K9(Methyl); K14(Acetyl) o o . . o o ° °
K9(Dimethyl) KSTGGKAPR K9(Dimethyl); K14(Acetyl) ° o o o . o ° °
K9(Trimethyl) KSTGGKAPR K9(Trimethyl); K14(Acetyl) ° o . . . o ° °
K9(Acetyl) KSTGGKAPR K9(Acetyl); K14(Acetyl) o o . . . ° o o
K27(Methyl) KSAPATGGVK K27(Methyl) o . . o ° ° o °
K27(Dimethyl) KSAPATGGVK K27(Dimethyl) o . o o o o o o
KSAPATGGVKKPHR K27(Dimethyl); K36(Methyl) o o . . o o ° °
KSAPATGGVKKPHR K27(Dimethyl); K36(Dimethyl) o o . . o o ° °
K27(Trimethyl) KSAPATGGVK K27(Trimethyl) . . ° ° ° ° ° o
KSAPATGGVKKPHR K27(Trimethyl); K36(Dimethyl) o o o . o o ° °
K18(Acetyl) KQLATKAAR K18(Acetyl); K23(Acetyl) ) ) . . o ° ° °

7 :PTMs: AEH H3 E&MBIEIEH; Peptide; Bl 4l £ #9742 4 AL B ; Modifications in the peptide: #EiX4™AAER LR MBIMFEHERE
iffi; Folate-normal : IE & M-ER 3557 ) A\ BE S A AL 4E 2 5 184, 15T 4 IR LR T B B98I GE it ; Folate-free: T EIEF AR S HMRM AR B2
i, MWL 4RZWARMBIMEIHESRIT; o : RFRME TIHBW; 0 « RRLHRNMBIMLIEH; Methyl 7R FEAL ; Dimethyl RFZHEAL;
Trimethyl FRZBEA ; Acetyl RR T B

Note: PTMs: Modifications in histone H3;Peptide: The sequence with modifications which detected by MS; Modifications in the peptide: all the
modifications in this peptide; Folate-normal: modifications of normal folate treated HEK-293 cells; Folate-free: modifications of no folate treated
HEK-293 cells; ® : modifications detected in this peptid; o : modifications not detected; Methyl: monomethylation; Dimethyl: dimethylation; Trimethyl:

trimethylation; Acetyl: acetylation.

(]
N s 2
2 a—
0‘6\ & =
PN s 15
A 8 T *
@& & 2
© 9 g 1
>
Anti-H3 —-— 17KDa ® o5
>
Anti-H3K79me1 g o0
- —_— c— 3
i e - 17kba . Folate-normal  Folate-free

4 B ENE LA E A H3K79mel ZERHBSIE B A MM ERER = 2H 1S 1Rk =
Fig.4 Comparison of histone H3K79mel level
between normal and folate-free treated HEK-293 by western blot
i 2B H3K79mel KSR ENIT 45 R, A B A XML 3 )k H3K79mel SNl sLie it iy 4R, LUARAE 280 H3 K TEASRY, *, /AT
BRtEFR4H 5 IE E T R A L%, P<0.05,
Note: Left panel showed the expression of H3K79mel by western blot analysis and the right column showed the results of densitometric analyses of

western blot of H3K79mel. Total histone H3 was used as a loading control. * ; Compared the Folate-free treated group to the control group, P<0.05.
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