Phase Behavior of Hemoglobin Solutions
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BACKGROUND INFORMATION RESULTS

Sickle-cell Anemia Preliminary Studies with Lysozyme

¢ Sickle-cell Anemia is an inherited disease * The effect of NaCl on lysozyme phase separation

¢ Originated in Africa and Indian/Saudi Arabian » Difference spacers are tested

subcontinent

Distribution of sickle-cell — For 5 um spherical spacer — For 1mm diameter capillary
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Mutant hemoglobin sequence in sickle-
Treatment cell patient compared to healthy people

* Bone Marrow Transplant
— The only potential cure for the disease
— Expensive and has high risk, difficult to find
donor
e Treatment used to avoid pain crisis and prevent
complications
— Pain relieving medications to relieve pain
during sickle crisis
— Antibiotics can prevent infection
— Hydroxyurea can reduce pain crisis frequency
and need for blood transfusion

No phase separation observed At26.1° C At15.1° C At15.1° Cafter 2 minutes At15.1° Cafter 3 minutes
« Volume has significant effect on phase formation

Hemoglobin Phase Separation

* The effect of PEG and heme on hemoglobin’s denser phase formation

* Only PEG is added to the hemoglobin

At25° C At29.6° C At387° C At413° C

Hemoglobin Polymerization

e It cause the red blood cell’s to form sickle shape
¢ Triggered by formation of hemoglobin’s dense phase ¢ Both PEG and heme are added

¢ Studies have shown that free heme concentration can
affect hemoglobin phase behavior

METHODOLOGY

e Sample slide is glued to the brass frame | e

* Water circulator is used to control temperature At249° C At40.1° € At40.7° C Ata11® C
e Slide is observed under the microscope * Heme contributes to hemoglobin’s dense phase formation

SUMMARY

* Container volume affects the appearance of the dense liquid phase: phase separation is inhibited in
containers narrower than 5 um

Connect to water

circulator « In the absence of heme, liquid-liquid phase separation does not occur in hemoglobin solutions; Heintz
microscope and camera M microscope bodies of denatured protein form

Monitor connected to

* In the presence of heme and PEG, hemoglobin solutions separate into two liquid phases of, respectively,
higher and lower protein concentration

* The attraction introduced by heme is crucial for the formation of the dense liquid in hemoglobin solutions

* Future works involve generating hemoglobin solutions phase diagram to quantify the result
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