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Physiological salines for erythrocytes

Normal Tris-based physiological saline with normal osmolarity used for the first blood

dilution in SERS and Raman experiments has the following composition, mM: 145 NaCl,

5 KCl, 1 CaCl2, 1 MgSO4, 5.4 Tris-HCl. For the preparation of hyperosmolar Tris-based

saline (used for the second dilution of blood used in the SERS experiments) we increased

concentrations of all salts as many times as was needed to achieve normal osmolarity in

a mixture of sample 2 with Ag NPs colloids. For example, in experiments with a volume

ratio of [Ag NP solution]:[experimental erythrocyte sample]=2:3 we used hyperosmolar Tris-

based saline with the salt concentration increased by a factor of 5/3 in comparison to normal

Tris-based saline, mM: 241.67 NaCl, 8.33 KCl, 1.67 CaCl2, 1.67 MgSO4, 9 Tris-HCl.

Normal Alen saline with normal osmolarity has the following composition, mM: 145 NaCl,

5 KCl, 1 CaCl2, 1 MgSO4, 4 Na2HPO4, 1 NaH2PO4×2H2O. Hyperosmolar Alen saline was

prepared in a similar way to hyperosmolar Tris-based saline. In experiments with a volume

ratio of [Ag NP solution]:[experimental erythrocyte sample]=2:3 we used hyperosmolar Alen

saline with the salt concentration increased by a factor of 5/3 in comparison to normal

Alen saline, mM: 241.67 NaCl, 8.33 KCl, 1.67 CaCl2, 1.67 MgSO4, 6.67 Na2HPO4, 1.67

NaH2PO4×2H2O. The pH value in all Tris-based and Alen salines was adjusted to 7.4.

Phosphate buffer used for the hemolysis of erythrocytes was as follows, mM: 4 Na2HPO4,
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1 NaH2PO4×2H2O. In experiments with isolation of cytosolic hemoglobin pH value was

adjusted to 7.2 to be the same as in the cytoplasm of erythrocytes; in experiments with

preparation of erythrocyte ghosts with membrane-bound Hb pH value was adjusted to 7.4.

All used chemicals were of the highest purity grade available and were purchased from

Sigma (USA).

Preparation of erythrocyte ghosts with membrane-bound Hb

Blood plasma was separated from erythrocytes by triple centrifugation (440×g, 10 min) of

blood in normal Alen saline, pH 7.4, at a temperature of 4oC. The number of erythrocytes

in the obtained erythrocyte suspension was calculated in the Gorjaev chamber and then

the erythrocyte suspension was adjusted with Alen saline to the number of erythrocytes

107 cells/µl. Preparation of erythrocyte ghosts with membrane-bound Hb bound to AE1

exchanger (HbAE1) was done as described in [1]. 1 volume of adjusted erythrocyte suspension

was diluted with 20 volumes of ice-cold phosphate buffer (pH 7.4) and centrifugated at 4◦ at

4000× g for 40 min. Supernatant with cytosolic Hb was removed and the precipitate with

erythrocyte ghosts was resuspended in ice-cold phosphate buffer (pH 7.4) and centrifugated

again at 4◦ at 4000 × g for 40 min. The procedure was repeated 5 times. After that

erythrocyte ghosts were concentrated in Alen saline (pH 7.4) by centrifugation at 10000× g

for 30 min. The prepared erythrocyte ghosts had pinkish color due to Hb bound to AE1

exchanger of the ghost membrane (HbAE1). Obtained erythrocyte ghosts contained only

membrane-bound Hb and did not have unbound cytosolic Hb.

Analysis of erythrocyte morphology

It is known, that the chemical composition of the erythrocyte membrane as well as the

supramolecular organization and mechanical properties of its lipids and proteins determine

morphology (or shape) in an erythrocyte [2–5]. In a blood stream erythrocytes constantly

undergo changes of their shape, however after the isolation and fixation in glutaraldehyde

it is possible to estimate amount of erythrocytes in a specific form [6]. Historically the first

classification of erythrocytes according to their morphology was done by Bessis [7]. There

are three major types of erythrocytes: discocytes, echinocytes and stomatocytes. A disco-

cyte is a normal mature form of an erythrocyte having a biconcave discoidal shape. Under

normal conditions the most number of erythrocytes have discoidal shape. Echinocyte is a

crenated form of erythrocyte with spicules and stomatocyte is a cap-like form of erythrocyte.

Both of these forms are usually considered as transformed, non-healthy forms of erythrocyte,
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however, they present in normal blood in minor quantity [4]. The transformation of ery-

throcytes into echinocytes usually is reversible and is an evidence of the modification of the

outer membrane layer and of the intercalation of exogenous molecules into the membrane

[3, 4]. Transition of erythrocyte into stomatocyte is usually followed by its transformation

into the sphere-like cell and its lysis. Therefore, study of the erythrocyte morphology under

effect of Ag NPs helps to reveal any possible intercalation of NPs into the membrane and to

trace hemolysis of erythrocytes. There are several methods of the quantitative estimation

of erythrocyte morphology [4]. In the present study we employed the following technique:

we calculated the number of erythrocytes taking the form of a discocyte, an echinocyte and

a stomatocyte. The percentage of each form was estimated as a ratio of the number of cells

in this specific form to the total number of counted erythrocytes [6].
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Figure 1: Figure 1S. SERS spectra of erythrocytes with different volume ratios of [Ag NPs]: [ex-

perimental erythrocyte sample]=2:8 (spectrum 1); 3:7 (spectrum 2); 2:3 (spectrum 3); 3:2 (spec-

trum 4). It is seen that the increase in the volume ratio of Ag NP solution results only in the

increase in the intensity of the whole SERS spectrum of erythrocytes and does not affect a shape

of peaks or relative intensities of peaks. Dotted vertical lines indicate position of peaks. Detailed

peak assignment is shown in the Table 1.
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Figure 2: Figure 2S. SERS spectra of erythrocytes from five different blood samples with the

volume ratio of [Ag NPs]:[experimental erythrocyte sample]=2:3. The similarity of spectra is an

evidence of high stability of used Ag NP colloids and signal enhancement. Vertical lines indicate

position of the main peaks.
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Figure 3: Figure 3S. SERS spectra of the same erythrocyte sample recorded at 0, 15 and 45

min. The volume ratio of [Ag NPs]:[experimental erythrocyte sample]=2:3. It is seen that spectra

are identical to each other, that is an evidence of (i) the temporal stability of the signal enhance-

ment; (ii) temporal stability of erythrocyte-Ag NP complex; and (iii) absence of the erythrocyte

photodamage by laser light.
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