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Figure 2. S100a9H107G mutation abolishes the increased anti-S. aureus activity observed upon deletion of Mettl9. (A-D) WT or
Mettl9~~ mice were subcutaneously inoculated with 3 x 10% S. aureus. (A) Representative images of skin lesions from WT or Mettl9~~
mice. Scale bar, 5 mm. (B) Statistical plots of skin lesion areas from WT or Mettl9~~ mice at day 5 after infection. Each dot represents
one lesion. n = 10. Error bars represent SEM (C) Bacterial CFUs were quantified in the infected skin abscess tissue isolated from mice
in (B). Error bars represent SEM (D) Representative H&E staining images of skin abscess tissue from infected WT or Mettl9~- mice.
Scale bar, 200 um. (E) Analysis of S. aureus growth in the presence of WT or Mettl9~~ neutrophil lysates (350 pg/mL) with 100 pmol/L
TPEN or with 100 umol/L TPEN plus 500 mmol/L zinc in TSB medium. Error bars represent S.D. (F) Analysis of S. aureus growth in the
presence of WT, Mettl9~-, S100a9"%¢, and Mettl9~~ S100a9*1%¢ neutrophil lysates (500 pg/mL) with 40 pmol/L TPEN in TSB medium.
Error bars represent S.D. (G-I) WT, Mettl9~-, S100a9"17¢ and Mettl9"/~ S100a9"1’¢ mice were subcutaneously inoculated with 3 x 10° S.
aureus. (G) Representative images of skin lesions from mice in different groups. Scale bar, 5 mm. (H) Statistical plots of skin lesion
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the increased antibacterial activity of Mettl9”/- mice, we
would expect that mutation of this residue could lead to
a rescue of antibacterial activity. We tested this possi-
bility by producing an S100a9%'%¢ point-mutated mouse
strain (see Fig. S7TA-C for the CRISPR/Cas9 point-mu-
tation KI strategy and confirmation of point-mutation
expression) and further obtained a Mettl9~~ S100a9"107¢
double-deficient mouse strain.

We first assessed the anti-S. aureus activity of neu-
trophil lysates from WT, Mettl97-, S100a9"%¢ and
Mettl9~- S100a9%17¢ mice. Similar to the aforementioned
phenotypes, the lysates from Mettl9”~ neutrophils exhib-
ited significantly increased anti-S. aureus ability compared
tothat of WT neutrophils. Lysates from Mettl9/~ S100a9#1%7¢
mice showed no appreciable difference from those from
S100a9"1%¢ mice, suggesting that mutation of the His107
residue led to a significant rescue of the antibacterial
activity observed in Mettl9~- neutrophil lysates (Fig. 2F).

We further assessed the anti-S. aureus phenotype of
WT, Mettl97-, S100a97197¢ gnd Mettl9~/- S100a971°7¢ mice in
vivo. Specifically, we inoculated these mice subcutane-
ously on the back with 3 x 10® S. aureus, monitored the
skin lesions daily and euthanized the mice three days
after infection. Similarly, Mettl9”~ mice exhibited a sig-
nificantly decreased lesion area and S. aureus burden in
the abscess tissue compared to WT controls (Fig. 2G).
In contrast, no significant changes were observed when
comparing the lesion sizes and CFU load in Mettl9"
S$100a971¢ mice to those in S100a9%'%¢ mice (Fig. 2H-]).
Notably, although S$100a9*%¢ neutrophil lysates had a
significantly increased anti-S. aureus activity compared
to WT lysates in vitro (Fig. 2F), S100a97”¢ mice did not
show an obvious antimicrobial phenotype compared to
WT mice (refer to the Discussion). Nevertheless, these
data demonstrate that the S100a9"1%¢ mutation largely
abolished the increased anti-S. aureus function observed
upon deletion of Mettl9, suggesting that METTL9 controls
S. aureus infection via the S100A9 His107 axis in vivo.

In the PTM field, the dynamic and spatiotemporal
study of protein PTMs is important to fully understand
their complex roles in physiology and disease. As a rarely
studied modification, our data reveal that protein his-
tidine methylation could be dynamic (Fig. 2K): (i) The
METTL9-S100A9 His107 methylation axis suppresses
the antibacterial activity of ST00A8/A9 at steady state;
(ii) Upon S. aureus infection, the ratio of methylated/
total S100A9 is markedly reduced at the acute stage,

which endows S100A8/A9 with increased zinc-binding
and zinc-dependent anti-S. aureus activity; (iii) The ratio
is gradually increased at the resolving stage to act as a
brake on the host’s anti-S. aureus activity.

In summary, our work reports the profound physiolog-
ical significance of the METTL9-S100A9 His107me axis
in the regulation of the host’s antibacterial responses
and deepens our current understanding of the chemi-
cal, enzymological, and physiological aspects of protein
histidine methylation beyond protein lysine/arginine
methylation. This work will open up new perspectives
for future research on the importance of histidine meth-
ylation of proteins in eukaryotes.
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areas from mice in (G) at day 3 after infection. Each dot represents one lesion. n = 6. Error bars represent SEM (I) Bacterial CFUs were
quantified in the infected skin abscess tissue isolated from mice in (G). Error bars represent SEM (J) Representative H&E staining
images of skin abscess tissue from infected mice in (G). Scale bar, 200 um. For all panels, *P < 0.01; **P < 0.001; ***P < 0.0001; ns: not
significant. Data for all panels are representative of two or more independent experiments. (K) The working model for the METTLS-
S100A9 His107me axis in the regulation of the host’s anti-S. aureus response: (i) ST00A9 His107 is methylated at steady state; (ii)
His107 methylation of S1I00A9 is rapidly decreased upon S. aureus infection; (iii) Hypomethylated S100A8/A9 sequesters zinc ions
from S. aureus to restrict its growth; and (iv) His107 methylation of ST00A9 is gradually increased after the clearance of bacteria.
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