
Supplementary Information
Unusual surface coagulation activation patterns of crystalline and amorphous silicate-based biominerals
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Charcterization of BSGs
 Hemostasis  in vitro
Hemostasis in vivo
Hemostatic mechanism
Biocompatibility
Materials and Regents: 

Anhydrous calcium chloride and was purchased from Macklin Inc. (Shanghai, China). Triton X-100 was bought from Sigma-Aldrich, Fluka. Other regents were of analytical grade. Ultrapure water was produced by Mili-Q machine.
Charcterization of BSG
Synthesis of BSGs: Accurately weigh a certain amount of SiO2, H3BO3, CaO, (MgCO3)4∙Mg(OH)2∙5H2O, NaH2PO4∙2H2O, Na2CO3 and K2CO3 and and mix them evenly with a ternary mixer. Next,  the mixed powder was added into the platinum crucible, which was kept in the temperature at 1100-1400 oC for 30 min until it turned to molten salt, then it was quenchedt on the cold steel plate to obtain amorphous bioactive glass. Finally, the powder was prepared by planetary ball mill. And the vibrating screening instrument was used to separate particles with different sizes.
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Fig. S1 Equipments for large-scale preparation of bioactive glass. (a) Instruments for mixing. (b) High temperature furnace. (c) Planetary ball mill.
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Fig. S2 (a) SEM photographs of kaolin, MMT, BSG and HA. (b) EDS Mapping of kaolin, MMT and 0B. (c) SEM photographs of different size of 0B.
Tab. S1. EDS mapping element analysis.
	Sample
	Mole percent (%)

	
	Si
	Al
	O
	Ca
	Mg
	Fe
	Na
	K
	P

	Kaolin
	33.3 ± 2.0
	5.7 ± 0.3
	54.7 ± 2.6
	1.3 ± 0.3
	3.7 ± 0.2
	1.3 ± 1.1
	0
	0
	0

	MMT
	29.0 ± 3.2
	14.6 ± 1.3
	56.4 ± 4.0
	0
	0
	0
	0
	0
	0

	0B

(0B-1)
	15.4± 0.4
	0
	52.7 ± 3.6
	12.0 ± 0.3
	4.0 ± 0.2
	0
	5.1 ± 0.3
	6.8 ± 0.2
	4.0 ± 3.5
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Fig. S3 Size of Materials.
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Fig. S4  (a) AFM Morphology of  Kaolin, MMT and 0B (b) Test parameters of AFM.
 Hemostasis  in vitro
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Fig. S5 Digital imagine of the whole blood coagulation by materials in vitro.

Plasma Clotting Kinetics: The kinetics of plasma coagulation was measured by incubating the material with porcine platelet-poor plasma (PPP, 1.5 mL). After adding 100 (L CaCl2 solution (0.25 mol/L), the process of plasma coagulation changes was monitored by ultraviolet absorption spectrum at 605 nm.
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Fig. S6 (a) Changes of absorbance during clotting of PPP in blank group (The slope of the fitting tangent represented the rate of PPP clotting. (b) The slop of PPP clotting after PPP mixed with different materials. 
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Fig. S7  With a steady temperature (37 oC), a time sweep of rheology on blood coagulation.

Hemostasis in vivo
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Fig. S8 The clotting time of liver damage hemorrhage  in SD rats
Hemostatic mechanism

Western blot. On a thermal shaker, 5 mg of material (BG or kaolin) was incubated with 40 µL of plasma, 3 µL of 0.2 M CaCl2 solution, and 70 µL of HEPES buffer for 5 min at 37 °C. Then, add 2 µL of protease inhibitor and 22 µL of SDS loading buffer, and maintain 100 ℃ for 10 min. Centrifuge the mixture and add 15 µL of the supernatant to the loading hole of 12% SDS-PAGE gel. At 60 V - 90 V, protein electrophoresis was carried out for 2 h. The gel was transferred to a polyvinylidene difluoride (PVDF) membrane at 90 V for 2 h using a Bio-Rad Mini Trans-Blot device. The membrane was blocked using blocking solution (Beyotime QuickBlock Western) for 60 min, followed by an overnight incubation at 4 ℃ with the primary antibody (antithrombin, ab17199, Abcam). The membrane was rinsed with Tris-Buffered Saline Tween-20 (TBS-T) solution and then incubated at room temperature for 1 h with secondary antibody (anti-mouse immunoglobulin G DyLight 800, Cell Signaling Technology). The membrane was completely cleaned with TBS-T, then visualized by enhanced electrochemiluminescence (Yeasen). Image Studio Lite (LI-COR) software was used to quantitatively analyze the image. 
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Fig. S9  (a) Allow 10 min for blood to coagulate on the surface of the substance, then carefully PBS solution was poured along the container's wall to evaluate the material's and RBCs' aggregation status.  (d) The standard curve of sP-selection. (c) The standard curve of BCA. (d) The standard curve of PAP.
Tab. S2. Effect of materials on APTT time without adding Ca2+.
	APTT:(50 (L PPP+50 (L APTT agent +10 (L Suspension)

	Materials
	Time/ min

	Blank
	∞

	Kaolin
	∞

	MMT
	∞

	0B
	18.5±0.1

	1B
	19.3±0.1

	1.5B
	4.5±0.1

	2B
	2.0±0.1

	3B
	1.5±0.1

	HA
	∞
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Fig. S10 (a) Photographs of APTT tests without adding Ca2+. (b) Photographs of APTT tests with  Ca2+ added.
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Fig. S11 Extracts’ effects on four coagulation factors: (a) APTT. (b) PT. (c) TT. (d) FIB. Suspensions’ effects on four coagulation factors: (e) APTT. (f) PT. (g) TT. (h) FIB. Materials' (powders’ and suspensions’) effects on the parameters of TEG: (i) R. (j) K. (k) α. (l) MA.  
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Fig. S12 Relative change value of A30 in TEG measurements after the action of materials (powders and suspensions) and blood.
Biocompatibility 
5.1. In vivo organ embolism
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Fig. S13 H&E staining of heart, liver, spleen, lung and kidney of New Zealand rabbits after hemostasis.

5.2 Irritation test on the skin

 The skin irritation test was carried out according to the standards (GB/T 16886. 10-2017). The hair on the rabbit's back skin (10 cm×10 cm) was removed with depilatory cream 24 h in advance. Before test, make sure that the skin did not have any allergic reactions, and record the original color of the skin. Then, 0.5 gram of BSG with vaseline was applied to the specific areas of the skin. Sterile water (0.5 mL) and sodium dodecyl sulfate (SDS) solution (0.5 mL, 20%, wt/wt) were regarded as negative and positive controls, respectively. the application area was wrapped with gauze for 24 h. Afterwards, the fever, redness and swelling of the skin would be scored at 24 h, 48 h and 72 h. Finally, the skin tissue would be cut off for hematoxylin and eosin staining.
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Fig. S14 Photos of rabbit skin at 24 h, 48 h and 72 h after treatments with normal saline, SDS, 0B and 1.5B, respectively. (g) Representative photographs of H&E stained rabbit skin at 72 h after treatments with normal saline, SDS, 0B and 1.5B.
5.3 The thermal impact

The one gram of powder was filled into a 15 mL centrifuge tube, then 1 mL of deionized water was added, finally the temperature was monitored by using an infrared thermal imager (FLuke TIS60+ ).
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Fig. S15 Changes in temperature of materials after soaking in water at various time interval
S-4

