
to 7.5 times that of control values within 2 
hours of transfer, has bccn reported for 
other activc nonovcrwinteringg insects in- 
cluding crickets and locusts (7) and for 
diapausing silkworm pupae (8).  Thus, the 
cold activation of phosphorylase and thc 
cnsuing rapid accumulation of glycerol may 
be a general adaptation of insects for protec- 
tion against cold shock injury. 

The rapid cold-hardening capacity we dc- 
scribe may bc of collsiderablc ecological 
importance in early spring and latc autumn. 
Our results suggest that Inally insects, evcn 
thosc in nondiapausing stages, have the 

ability to quickly enhance their cold tolcr- 
ancc in responsc to a rapid temperature 
drop. Though such a mcchanism, in the 
absence of diapausc, may not cnablc an 
illsect to survivc the prolonged cold expo- 
sure characteristic of wintcr, it should pcr- 
mit thc inscct to adapt to diurllal changes in 
temperature and cnablc the inscct to survive 
bricf periods of exposurc to low tempera- 
ture. Our observation that cold shock illjusy 
can be reduced by bricf exposurc to 0°C 
suggcsts that methods can be developed for 
long-term csyoprcservation and storagc of 
1)rosopbila and other llondiapausing insects. 

Similarity of Cruzin, an Inhibitor of Trypanosoma 
cruzi Neuraminidase, to High-Density Lipoprotein 

A specific inhibitor of the neuraminidase of the protoman parasite Tqpanosma cwzi 
was isolated recently and named cruzin. It is now shown that cruzin is similar to high- 
density lipoprotein by amino acid homology, by sodium dodecyl sulfate-polyacrylam- 
ide gel electrophoresis, by immunoblot analysis, and by isoelectric focusing. Cruzin 
purified by ion exchange chromatography and high-density lipoprotein isolated by 
density gradient ultracentrifugation inhibited Tqpanosoma cwzi neuraminidase to the 
same extent. Cruzin or high-density lipoprotein restores to normal the decreased 
mtiltiplication rate of Trypanosmacwzi epimastigotes grown in a medium depleted of 
lipoproteins, suggesting that it may be important for survival of the parasite in nature. 

KYPANOSOMA CRUZI,  THE CAUS-Tduces 
ativc agent of Chagas' disease, pro- 

a developmelltally rcgulatcd 
lleuraminidasc (E.C. 3.2.1.18) (1). The ac- 
tivity of thc enzynle is greater in infective 
trypomastigotcs than in cpimastigotes (I) ,  
thc parasite stage that multiplies in the g ~ i t  
of bloodsuchng reduviid bugs. During in- 
fcction in vitro, illtact tsypomastigotes dc- 
sialylatc esythrocytes and other blood cclls 
(1, 2) as well as myocardial and cndothelial 
cclls ( 3 ) . The neuraminidase is hcterogc- 
neously distributed anlong strains of T. 
cruzi, with somc of the rclatively low viru- 
lent ones possessing enzyme activity scvcral 
orders of magnitude higher than the more 
virulcnt strains (4). Antibodies specific for 
T. cruzi neuranlinidasc augmcnt parasite 
infection in vitro, and the enhancement is 
prcventcd by thc addition of cxogcnous 
Vibrw cholerae neurarninidase (5).The T. 

\ ,  
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cruzi ncuraminidase may therefore partici- 
pate in thc association of T. cvuzi with 
mammalian hosts through a negative con- 
trol mcchanism. 

We rccently isolated an inhibitor of the T. 
cruzi llcuraminidasc from human plasma 
and named it cruzin (6, 7).Purified cruzin is 
remarkably specific for T. cvuzi ncuramini-
dasc, with 50% inhibition bcing reached at 
concentrations as low as 10--"M (6). Cruzin 
inhibits tsypanosomc dcsialylation of cclls, 
but not of soluble glycoconjugatcs; it is 
cqually cffcctivc when thc enzyme is prescnt 
in a soluble form or on thc outer membrane 
of living parasites (6). Molecular cl~aractcr- 
ization of thc purified matcrial indicates that 
the native form has an Mr of 
246,000 + 20,000 with a major subunit of 
Mr 28,000 -+ 2,000. Kinetics analysis of 
cruzin activity suggestcd a noncompetitive 
mcchanism of inhibition (6).

\ ,  

Since many human plasma proteins have 
been idctltificd cllaractcrizcd, it was 
rcasonablc to cxpcct that cruzill was already 
described in thc literature. Initial attcmpts 
to match cnlzitl with a known human plas- 
ma component by using commercially avail- 
able antisera to individual plasma protcins 
were unsucccssfi~l. We d~ercforc dctcrm~lled 
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the sequcllcc of the first 20 amino acids of 
the major protcin componcnt of cruzin and 
searched for matching sequellccs in a pro- 
tcin and nuclcic acid scqucncc databasc. Thc 
sequence was idelltical in 18 of 20 positions 
with thc amino terminus of human apolipo- 
protein A-I (apoA-I) (Fig. la) ,  the major 
protein componcnt of plasma high-density 
lipoprotein (H1)L). The amino acids in 
positions 8 and 10 could not bc positivcly 
identified durillg thc sequencing of cruzin, 
bccausc the foi.mcr was obscurcd by diphcn- 
ylurca, a by-product formed during thc Ed-
Inan degradation, and the latter was not 
prcsellt in sutficiellt amounts for dctection. 

This sequence similarity suggested that 
cruzin contained apoA-I and that it was 
HDL. This possibility was tested with the 
following rcsults. In SDS-polyacsylamidc 
gel electrophoresis (SDS-PAGE) ( 8 )  (Fig. 
lb), both cruzin and H D L  displayed one 
major band o fMr  28,000 (apoA-I) (lancs A 
and B, rcspcctivcly) whcrcas othcr lipopro- 
tein fractions ( 9 )  such as low-dcnsity lipo- 
protein (LDL) (lane C) and vcsy low densi- 
ty lipoprotein (VL1)L) (lane D)  showed a 
major band of M, >200,000 (apolipopro- 
tein B). In inmunoblot analysis (10) with a 
monospccific rabbit antibody to cruzin ( l l ) ,  
the antibody recognized cqually wcll a major 
band of M, 28,000 in cruzin and H D L  
prcparations (Fig. lc, lancs A and B). No 
cross-reactivity was obscrved with apolipo- 
protcin B of LDL (Fig. lc, lane C). Low 
levels of apoA-I werc dctcctcd in both 
VLDL and LDL fractions (lanes C and D), 
indicating a cross-conr-aminationmiatioduring the 
purification procedure that was not revealed 
by Cmomassie blue staining of the gel (SlX- 
PAGE) (Fig. lb,  lanes C and I)).A similar 
contamination was reported previously 
(12).These results demonstrated that anti- 
body clicitcd to cruzin cross-reacted with 
apoA-I prescnt in thc various lipoprotein 
prcparations tested. 

Additional evidence for the identity of 
cruzin with H D L  was provided by a com- 
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Fig. 1. (a) The 20 amino terminal amino acids of cruzin and apoA-I. The 
complete apoA-I sequence was obtained by translation from the DNA 
sequence (29) and from the protein residues (30). The amino acid composi- 
tion of purified cruzin was determined by using a D-500 amino acid analyzer 
after hydrolysis in 6N HCI in vacuo for 24 hours at 110°C. The protein was 
sequenced by automated Edman degradation with a model 470A protein 
sequencer (Applied Biosystems) by P. Matsudaira (Massachusetts Institute 
of Technology). The amino acid sequence homology was verified by the 
Protein Identification Resource (National Biomedical Research Foundation, 
Georgetown University, Washington, D.C.) by scanning of the first 20 
amino acids with the PSQ retrieval system. (The one-letter symbols for the 
amino acids are A, alanine; R, arginine; D, aspartic acid; Q, glutamine; E, 
glutamic acid; L, leucine; K, lysine; P, proline; S, serine; T, threonine; W, 
tryptophan; Y, tyrosine; V, valine; and X, unknown or "other.") (b) SDS- 
polyacrylamide gel (10%) electrophoresis analysis of cruzin and different 
lipoprotein subfractions. Samples (-3 pg of protein) were treated as 
described (8). Lanes are (A) cruzin, (B) HDL, (C) LDL, and (D) VLDL. 
Bands were visualized after staining with Coomassie blue. (c) Immunoblots 
showing the cross-reactivity of the major protein component of c w i n  with 
apoA-I of HDL. Lanes are as in (b). Samples (-3 pg) were elecwphoreti- 
cally transferred to the zeta probe membrane (10) and probed with a 

parison of their isoelectric focusing profiles 
(Fig. 2). The HDL pattern displayed apoA- 
I with five bands having isoelectric points 
(PI) ranging from 5.4 to 5.85; the pIs of 
apoA-11, apoC-11, apoC-111- 1, and apoC- 
111-2 were 5.0,4.9,4.7, and 4.5, respective- 
ly (13). The profile obtained for HDL was 
thus very similar to that of cruzin (Fig. 2). 
Moreover, cruzin was found to have a lipid 
and protein composition similar to that of 
HDL (approximately 25% phospholipid, 
20% cholesterol, 5% triglyceride, and 50% 
protein by weight). Small amounts of carbo- 
hydrate were detected in our cruzin prepara- 
tions (6); however, since apoA-I and apoA- 
I1 do not contain covalently bound carbohy- 
drate (12), the sugar content of cruzin is 
probably due to glycoproteins such as apoC- 
11, apoC-111, apoA-IV, and apoE that are 
also present in HDL (12, 14). 

If cruzin is HDL, the two substances 
should inhibit the T. cruzi neuraminidase to 
the same extent (15). As shown in Fig. 3, 
they both required approximately 1.5 pg of 
protein per milliliter to achieve 50% inhibi- 

Fig. 2. Isoelectric focusing of cruzin (lane a) and 
HDL (lane b). The minigel methodology was 
used as described (14). The Ampholine range 
used was from pH 4 to 6.5. After destaining, the 
gels were scanned with an LKB Ultroscan laser 
scanning densitometer (insets a and b), and the 
isoelectric points were determined. The numbers 
1 to 5 refer to apoA-I; 6, to apoA-11; 7, to apoC- 
11; 8, to apoC-111-1; and 9, to apoC-111-2. 

Cruzin O E P P C J S P X D X V K D L A T V Y V D  
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monospecific rabbit antibody to cruzin. Bands were visualized by the alkaline 
phosphatase procedure. Molecular weight standards (Amersham) are indi- 
cated in kilodaltons. 

tion of neuraminidase activity. In contrast, 
normal plasma required 44 pg, VLDL 177 
pg, and lipoprotein-depleted plasma 324 pg 
of protein per milliliter, respectively. The 
amount of apoA-I in these fractions was also 
determined (16,17), and the residual inhibi- 
tory activity in the lipoprotein-depleted 
plasma could be accounted for by the small 
amount of apoA-I still present in those 
preparations. The lipid constituent of either 
cruzin or HDL does not seem to be essential 
for the inhibition of neuraminidase activity 
since delipidated apoA-I, obtained by elec- 
troelution from SDS-PAGE (6, 18), re- 
tained almost all of the lipoprotein inhibi- 
tory activity. Since these data indicate that 
cruzin is HDL, the procedure used to purify 
cruzin (6) (that is, polyethylene glycol pre- 
cipitation, and chromatography on CM 
Afti-Gel Blue Sepharose and Ultrogel AcA 
34) should serve as an alternative approach 
for isolating HDL uncontaminated with 
LDL and other lipoproteins (Fig. 2). 

What is the role of HDL in the physiolo- 
gy of T. mi? Both HDL and LDL are 
cholesterol-carrying lipoproteins, and de- 
creased plasma HDL cholesterol levels and 
increased LDL cholesterol levels have been 
associated with premature coronary artery 
disease (13,19,20). HDL stimulates choles- 
terol d u x  from cells in vitro (21) and 
reverse transport of cholesterol in vivo (22). 
Moreover, the lipid constituent of both 

Fig. 3. Inhibition of the T. m z i  loo 
neuraminidase activity by cruzin, - 
HDL, normal plasma, VLDL, and t 
plasma depleted of lipoproteins. 
The inhibition assays were per- 2 
formed as described (15). The re- 5 

sults are from a representative ex- 
periment. The amount of protein 
required to account for 50% inhibi- o 
tion did not vary more than 20% in 
each case. 

LDL and HDL enhances mitogen-stimulat- 
ed growth of arterial smooth muscle cells 
(23). Thus the interaction of T. cruzi with 
HDL may serve some nutritional needs of 
the parasite. This hypothesis is supported by 
the following observation: the multiplica- 
tion rate of-epimastigotes in lipoprotein- 
depleted medium (LDM) (24) is at least two 
times less than in control cultures, and addi- 
tion of vurified human HDL to the medium 
compl&ely restores normal growth (Fig. 4). 
Human HDL could mediate delivery of 
cholesterol and other lipids to epimastigotes 
and thus promote their growth, consistent 
with the observation that T. cruzi is appar- 
ently incapable of synthesizing cholesterol 
(25). This finding is also in accordance with 
the binding of '2S~-labeled HDL to intact 
epimastigotes, which follows a pattern of 
ligand-receptor interaction. Binding of 12'1- 
labeled HDL to T. cruzi is specific, because 
it was not prevented by other human plasma 
proteins. It is also stage- and strain-depen- 
dent and parallels the parasite neuraminidase 
activity (26). 

Whereas HDL apparently enhances epi- 
mastigote multiplic&-ion ( ~ i ~ .  4), it cannot 
have a mitogenic effect on trypomastigotes 
because T. cruzi trypomastigotes do not 
multiply. Instead, because neuraminidase is 
apparently involved in the in vitro infection 
of host cells by T. cruzi (Ib), HDL should 
have a direct influence on infection by virtue 
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Fig. 4. Effect o f  HDL 011 the growth o f  7'. c~uzi 
cpimastigotcs (strain MV-13) .  Parasites werc 
grown for the  indicated time 111 a complete medi- 
um containing 10%fctal calf serum, in  L D M ,  and 
in  L D M  reconstituted with human H D L  at the  
indicated concentrations. T h e  results shown are 
the average of duplicate tubes and representative 
o f  four cxpcrirncnts (standard deviation is less 
than 20% of the mean). 

of its ability to inhibit neuraminidase activi- 
ty of the infective trypomastigotes. Our 
observatioils support this concept (27).In 
this context, it is interesting that human 
H1)Id has beell reported to have a specific 
lytic effect on trypomastigotes of the African 
trypanosome T. brucei and to be responsible 
for its host specificity (28).In view of these 
considerations, our worlung model is that 
H1)Id participates in the T. cruzi life cycle by 
promoti~lg epimastigote multiplication in 
the insect vector and trypomastigote infec- 
tion in the manlmalian host. The results 
presented here raise the possibility that 
H1)Id may be one of the factors ~~nderlying 
the pathogenesis of Chagas' disease. 
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Effect of Membrane Potential Changes on the 
Calcium Transient in Single Rat Cardiac Muscle Cells 

The mechanism that links membrane potential changes to the release of calcium from 
internal stores to cause contraction of cardiac cells is unclear. By using the calcium 
indicator fura-2 under voltage-clamp conditions, changes in intracellular calcium 
could be monitored in single rat ventricular cells while controlling membrane 
potential. The voltage dependence of the depolarization-induced increase in intracellu- 
lar calcium was not the same as that of the calcium current (Isi), which suggests that 
only a small fraction of Isiis required to trigger calcium release from the sarcoplasmic 
reticulum. In addition, sarcoplasmic reticulum calcium release may be partly regulated 
by membrane potential, since repolarization could terminate the rise in intracellular 
calcium. Thus, changes in the action potential will have immediate effects on the time 
course of the calcium transient beyond those associated with its effects on Isi. 

STUDIES ON CARDIAC MUSCLE HAVE 

sliow~lthat the amplitude of the calci- 
um current (I,,)arid the strength of 

contraction are closely li~lked ( I ) ,  support-
ing the idea that the ~ a * ~  flux across the 
surface tnetnbrane during Isidirectly trig- 
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