Towards ultrasensitive malaria diagnosis using surface enhanced Raman spectroscopy
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Supplementary Fig. 1(a) Averaged spectrum of normal blood samples in Method 1. (b) Typical spectrum of (-hematin samples at a concentration of 10 (g/ml. 

In the average spectrum of normal blood samples shown in Supplementary Fig. 1(a), there is no peak at 1623 cm-1. Supplementary Fig. 1(b) demonstrates the typical spectrum of (-hematin, which is equivalent to hemozoin in Raman features55
, with a prominent peak at 1623 cm-1. These two spectra were used as two basic biochemical components in a method of least square regression51
 to calculate the contribution of hemozoin to the Raman spectrum of an infected blood sample with an assumption that the Raman spectrum of infected blood can be modeled as the linear summation of those contributed by normal blood and hemozoin separately. Fig. 1 in the text shows the contribution of hemozoin as a function of parasitemia level obtained in this manner.
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Supplementary Fig. 2 Comparison in spectral magnitude between Method 1 and Method 2. The spectra were acquired from infected blood samples both at a parasitemia level of 0.01%.

[image: image4.jpg]50KV X33,000 100nm




Supplementary Fig. 3 FESEM image of silver nanoparticles synthesized in Method 1. The nanoparticle size ranges from 50 to 100 nm.
Raman peaks of spectra acquired in Method 1 and Method 2 are compared in Supplementary Table 1. It shows that two sets of spectra share most Raman peaks including those prominent ones including (15 at 754 cm-1, (22 at 1122 cm-1, (21 at 1307 cm-1, (2 at 1570 cm-1 and ((C=C) at 1623 cm-1. The locations of these peaks are similar to those Raman peaks reported for hemozoin in parasites’ vacuoles17
 that are also listed for comparison. The small differences in peak wavenumbers among these methods could be attributed to the variation from SERS measurements in our methods to spontaneous Raman measurements in the literature and the limited spectral resolution of Raman instrumentation. The differences between Method 1 and Method 2 is that (41 at 1337 cm-1 showing up in Method 1 is labeled as “absent” in Method 2. The inspection of raw spectra for Method 2 shows that, the peak at 1337 cm-1 actually shows up in 2 out of 5 raw spectra in Method 2, although not significant. But the averaging step flattens the peak region. This peak can be assigned to residual DNA56
 from white blood cells and/or parasites that were not completely removed during blood sample preparation. The peaks at 1054 cm-1, 1033 cm-1, 714 cm-1 and 676 cm-1 are shown in our results but not in the literature, which can be all assigned to proteins in red blood cells


57-59

.
Supplementary Table 1. Comparison in the peaks of SERS spectra between Method 1 and Method 2. The peaks of spontaneous Raman spectra measured from hemozoin in parasites’ vacuoles in the literature17
 and their assignment are also listed for comparison60
.
	Wavenumber in Method 1 (cm-1)
	Wavenumber in Method 2 (cm-1)
	Wavenumber in the literature (cm-1)17
 
	Assignment60


	1623
	1623
	1627
	((C=C)

	1570
	1569
	1569
	(2

	1432
	1431
	1430
	(28

	1399
	1392
	1398
	(20

	1371
	1372
	1375
	(4

	1337
	Absent
	1339
	(41

	1307
	1309
	1308
	(21

	1237
	1236
	1239
	Not available

	1169
	1168
	1220
	(30

	1146
	1146
	1147
	Not available

	1124
	1126
	1122
	(22

	1091
	1091
	1091
	(23

	1053
	1054
	Absent
	Not available

	1033
	1033
	Absent
	Not available

	1003
	1002
	1003
	(47

	976
	974
	973
	(46

	938
	935
	942
	Not available

	825
	823
	821
	Not available

	793
	789
	797
	(6

	754
	754
	754
	(15

	714
	714
	Absent
	Not available

	676
	677
	Absent
	(7
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