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To investigate the role of Dhenylalanine and tryDtoDhane as 
ootential antisickling agents in intact human SS-red blood cells 
a liposomal transport system was emDloyed to transfer Dhenyl- 
alanine or tryptoohane into intact SS-red blood cells. Aromatic 
amino acids and short oentides containing Dhenylalanine have been 
demonstrated to increase the minimum gelling concentration and 
solubility of deoxy-hemoglobin S in aqueous solution. However, 
these compounds do not cross the red blood cell membrane under 
usual incubation conditions. IncorDoration of Dhenylalanine or 
tryDtoDhane into intact SS-red blood cells Q liDosoma1 transDort 
system markedly inhibited the in vitro sickling of deoxy-hemoglobin 
S. These findings raise the posslbllity that a nontoxic liposomal 
transnort system which facilitates incorooration of antisickling 
agents into intact SS-RBC may have significant therapeutic impli- 
cations in the treatment of sickle cell disease. 

INTROAJUCTIOIV 

Various aDDroaches have been used in attempts to develop 

antisickling agents for clinical use that will inhibit gelation 

of deoxy-hemoglobin S and/or stabilize the normal biconcave 

configuration of the red cell. Recently. chaotroaic agents have 

been employed to disrupt the hydrophobic bonding responsible for 

the polymerization of rib S. The most wromising chaotropic agents 

to date aDDear to be neutral amino acids containing a Dhenvl ring 

(l-3) and tri- or tetraDeDtides containing Dhenylalanine (4, 5). 

* A preliminary report of this work was published in an Abstract 
form in Blood (ASH lvleeting Suuolement)November 1981 

Abbreviations used are : RBC, red blood cells: Hb, hemoglobin; 
Phe, phenylalanine: Trp. tryptoDhane. 
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These agents bind to the surface of Hb S molecule and orevent the 

intermolecular contacts necessarv for oolymerization. l~lost of 

the studies using chaotrooic agents to date have employed Hb S 

in aqueous solution (I, 2) because aromatic amino acids and 

peptides containing Phe do not enter the intact red blood cell 

under the usual conditions of incubation. 

In order to investigate the role of Phe and Trr, as cotential 

antisickling agents in intact human RX, a lioosomal transoort 

system was employed to transfer Phe or Tro into intact human 

ss-iac. The effect of the incorporation of Phe or 'Prp on in vitro -- 

sickling was then investigated. 

Preparation of intact SS-RX. Venous blood from patients 
with sickle cell anemia was collected in Vacutainer tubes using 
citrate-ohosohate-dextrose as anticoagulant. The blood was 
centrifuged at 1600 g for four minutes and the plasma and buffy 
coat were discarded. The packed Ri3C were then washed twice with 
three volumes of isotonic phosphate buffer (2.839 g NaH PO .2H 0, 
16.308 g Na HPOb.2H 0 made to one liteg with distilled $at$r. 5H 
7.45. The &3C were2then brought to 37 C. For the reversal of 
sickling exneriments, the RX were deoxygenated for 15-20 minutes 
until the o02 aporoximates to zero. 

Preparation of aiflillo acid loaded liposo:,ies. J,iposo:!res were 
prepare&l from a mixture of synthetic phosphatidyl choline (Si.~;~~a 
Chemical Go&npany, St. douis, L,i3, JSA; catalogue ,# icl39j and Ifso- 
ghosphatidJ1 choline (also fro:11 Sigma; catal-o&ue ,f 4129). 
in a l:L ~iolar raio, 

l'he lipids 
were dissolveJ. in 9:l CnCl :(;A OH :liixture anti 

rotary evaporated in vacua. The resultin& thin3fil. I3 NIZ resuspendei 
In 0 .15 ill Phe or 1135-p, $1 7.4, and sonicated at 3OoC under 
nitrode for 4j :rlinutes to form lipOsolnes containiri~ ei.ther phe cr 
I'rp. lifter sonication, the liposomes were 
screw tog vials and storell at -2'1°C. 

aliquoted into plastic 

Lncorporatiori 0f Phc or Irp into intact SS-R3C via Phe or iYp 
Loadesi liposomes. 
37">. 

Loosome suspensions were thaweilxd brought to 
Yqual volumes, of ss-ndc, and liposome suspension 1oaJed with 

either Phe or 'Trn were uixed anl the Inixture incubated at 37oL for 
30 or jiJ :,linutes-respectively. After incubation, the RX suspensions 
were centrifuged at 400 2 for 2-3 .rlinutes, the supernatents were 
re;:ioved and the RdC washed twice with three voluries of isotonic 
phosphate buffer. i'he riX were then resuspended in the same buffer 
to a final hematocrit of 45 ,A and aliquots were obtained for the 
cleterinination of amino acid incorporatiofl. 

B,iposome incorporated d3C were helilol;/sed with 1\;/70 sulphuric 
acid an>3 FOteins were precipitated with 10 ,A sodium tungstate. The 
supernater.ts were analyzed for amino acid nitrogen content by the 
calorimetric method of bolin (6) as modifiect by Frame (?j and 
Kachmar (ti). 'Tne phenylalanine content of the supernatent was also 
measured by a fluorimetric method described in Sigma Technical 
dulletein ,10. SO-E'. 
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r'igure 1. 

150 
t 

Time (min.) 

Linetics of liposo,ile-lilaliated transport of phen,Tlal.anine 
into intact SS-Ad!:. I’ 37OL; g:i 7.45 isotnnic phosphate 
ouffer. 

Linetics of phenylalanine incorporation into intact SS-II&Z. 
L'wo milliliter of SS-;ldC and two milliliter of thawed liposome 
suspension containin; Phe were Axed and the :Ili.xture incubated at 
37oc. Aliquots (0.4 ml), 
and at 5, 10, 20, 30, 60, 

were removed and placed in ice at zero time 
90 and 120 iliillute time intervals and 

centrifuged i,nl,iedia.telJ at 1OoG. J?he supernatents were removed and 
the dtiC washed and resus.pended in phosphate buffer as described 
above. Sach sample MS then analj/zed for its amino acid content. 

inllibition and reversal of in vitro sickling. 3ne milliliter 
aliquots of SS-,l& salriples were eqUll1 brated in an atlrlosohere of 
95 ,b nitrogen and j ,;L carboL%dioxiJe until the PC);, aooroximates to 
zero. fvzenty-five mlcroliter of the deoxygenates SS&C were trans- 
fered to one uG.lli.liter of deoxy&enated phosphate-buffere~l-gluteral- 
dehJde for fixation. For COMpaIYiSOn, lipOSOi,l2S alone ;Nere prepared 
in phosphate buffer and incorporated into SS-ti& and fixed. Also 
SS-;i& were incubatea~i with 0.1; ,(I Phe for 50 minutes and fixed as 
above. ,ied cell aorpholog;l was then examined with a Zeiss microscope 
equipped with differential interference contrast ootics. 

lidSi, ‘2s *J 

r'igure 1 shows the kinetics of li.poso:lie-mediated transport of 

phenJlalanine into intact SS-HBC at 37OC and pr-i 7.45. under these 

conditions, the reaction is characterized by a half-time of 25 minutes: 

As can be seen from Figure 1 an intracellular concentration of 

60 mM Phe was achieved after 30 ,ninutes of incubation. The 

incorporation of 'I'rr~ into SS-ABC was however slower and an 

intracellular concentration of 40 m~r'l Trn achievable after 60 

minutes of incubation. Figure 2 illustrates the inhibitory effect 

of Phe at an intracellular concentration of 60 mIVI and ‘PD at an 

intracellular concentration of 40 rnltil in oreventing the sickling 

of intact deoxygenated SS-tidC. 

484 



Vol. 105, No. 2, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Figure 2. Inhibition and reversal of in vitro sickling of deoxyge- 
nated SS-RBC. 

-__ 

A. Untreated SS-RBC (control); B. 60 mM phenylalanine 
incorporated SS-RBC (sickling inhibited); C. Liposomes 
alone incorporated SS-RBC; D. phenylalanine incorporated 
deoxySS-RBC (sickling reversed); E. 0.15 M phenylalanine 
treated SS-RBC; and F. 40 mM tryptophane incorporated 
SS-RBC (sickling inhibited). 
Nomarski Interference Optics : magnification x 300 

rreutral aromatic ainino acids such as Phe and frr, and s‘hort 

Dentides containin,j Phe inhibit nolymerization of deoxy-Hb S in 

aqueous solution (l-3, 9). Permeability studies with 14 C-labelle,d 
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peptides showed that these compounds do not enter the intact RBC 

under usual conditions of incubation (4). However, the author 

has developed a.linosomal transnort system which transfers aromatic 

amino acids effectively across the intact RX membrane. 

The substitution of valine for glutamic acid at nosition six 

of the @ chains of normal human adult hemoglobin is resoonsible 

for the oolymerization of deoxy-db molecules in sickle cell disease 

(10,ll). 'The mechamism by which these aromatic amino acids destabi- 

lize Hb S formation and thereby inhibit sickling of SS erythrocytes 

remains unknown. Beta' valine is in close intermolecular contact 

with 8-Phe85 in the deoxy Rib S crystal (12). 'This raises the 

nossibility that the inhibitory effect of exogeneously added 

ohenylalanine could be stereospecific. On the other hand, a number 

of swecific Hb S - Hb S interactions could be responsible for the 

stabilization of microtubular assembly (13). Some of these have 

strong hydronhobic interactions such as contacts near Phe 88 or 

heug8 in the B chain, which are possible sites for the interaction 

with Val 6 of the B chain of an adjoining molecule (13). 

The present findings indicate that Phe at an intracellular 

concentration of 60 mm or Trp at an intracellular concentration 

of 40 mm, when incoroorated into intact oxy-SS-RX and deoxy-SS- 

RBC inhibit and reverse, resoectively, in vitro sickling. Should -- 

these effects obtain in vivo the use of potentially nontoxic -- 

liposome incorporated phenylalanine or tryptophane could hold 

great promise in the treatment of sickle cell disease. 
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