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CHAPTERR 2: 

DETECTIONN OF HIV-1 NUCLEOCAPSID PROTEIN P7 I N 

VITROO AN D I N VIVO 

M.P.. de Baar , K.H.M, van der Horn , 

J.. Goudsmit , A. de Ronde , 

andd F. de Wol f 

JournalJournal of Clinical Microbiology (1999), 37(l):63-67 



Wee developed and evaluated an immunoassay for the detection and quantification 

off HIV-1 nucleocapsid protein p7 using electrochemiluminescence (ECL) technology. The 

assayy had a dynamic range of 50-20,000 pg/ml and a lower detection limit equivalent to 

approximatelyy 106,5 HIV-1 RNA copies/ml in culture supernatant. 

InIn vitro kinetic replication studies showed that the amount of p7 correlated 

stronglyy with the amount of p24 (R2=0.869; p<0.0001) and viral RNA (R2=0.858; 

p=0.0009).. Based on p7 and RNA concentrations, we calculated the median p7:RNA ratio 

too be approximately 1,400 p7 molecules per RNA molecule. HIV-1 p7 could be detected 

andd quantified in culture supernatant of both group M subtype A-E viruses and group O 

viruses.. Presence of p7 in vivo was evaluated in 81 serum samples collected from 62 HIV-

11 infected individuals. Five samples were p7 positive, whereas 45 samples were HIV-1 

p244 positive. Four of the 5 p7 positive samples were p24 positive as well. P7 could only 

bee detected when serum HIV-1 RNA levels were higher than 106 copies/ml. Anti-p7 

antibodiess were found in 6 samples and all 6 were p7 negative. In contrast to the in vitro 

resultss it appeared that HIV-1 p7 could not be used as a marker for viral quantification in 

vivo,vivo, since more than 90% of the serum samples were p7 negative. In combination with 

thee low prevalence of anti-p7 antibodies this may, in turn, be advantageous: p7 may be a 

goodd alternative for p24 in the read-out of assays that determine neutralising activity 

againstt HIV-1 in serum or other fluids containing anti-p24 antibodies. 

Introductio n n 

Untill the mid-1990s, the HIV-1 p24 concentration in serum and other body fluids 

wass used as a marker for virus replication in wvo.2;3;61;93 Since 1995, HIV RNA levels in 

serumm or plasma have been used to monitor the infection in treated as well as untreated 

patients.37;69;79;80;85;100;101;1455 The advantage of RNA determination over p24 determination 

wass clear: there is a direct relationship between the number of virus particles and the 

amountt of viral RNA79 and RNA determination is not hampered by the host immune 

responsee as is p24.36;93 However, determination of RNA levels is expensive, time-

consumingg and needs specific laboratory facilities. For clinical monitoring and in HIV 

research,, in which viral cultures are monitored frequently, these disadvantages play a 

majorr role. We therefore decided to develop an immunoassay that, like p24 

determination,, could detect antigen levels in all subtypes of both group M and group O 

but,, unlike p24 determination would be less hampered by host antibodies. A highly 

conservedd protein for all subtypes of group M and group O is the nucleocapsid protein 

p789,, which is cleaved from the same precursor molecule (PrSS**) as p24.67;68 HIV-1 p7 is 

ann RNA-binding protein82'95 with a highly conserved structure containing two zinc-fingers. 
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Sincee p24 and p7 share the same precursor molecule, the molar ratio between the two 

proteinss theoretically is 1:1, whereas the mass ratio p24:p7 is approximately 3.5:1. 

Therefore,, the p24 and p7 numbers are directly correlated to each other.67;68 P7 is a 

considerablee smaller molecule than p2467;68 and thus less accessible to the binding of 

multiplee antibodies, so the detection limit for p7 is likely to be higher than for p24. Earlier 

wee have shown that approximately 65 percent of the sera of HIV-1 infected persons were 

positivee for antibodies to p24.36 In a study of 801 samples of sera positive in HIV-1 

antibody,, only some 10 percent were positive for antibodies to p7 (L.O. Arthur, personal 

communications).. This suggests that p7 might be a good candidate for an antigen-

capturee assay. In the present study we describe an ECL-based p7 immunoassay and its 

evaluationn in HIV-1 cultures and clinical serum samples. 

Material ss  and Method s 

AntiseraAntisera and antigens 

Characteristicss of the antisera used in our experiments are summarised in Table 1. 

Totall IgG was purified from all sera and fluids (Immunopure (G) IgG Purification Kit, 

Pierce,, Rockford IL, USA) prior to labelling. Part of the purified IgGs were labelled with 

biotinn and part with ruthenium (Ru)-tris [l,l]bispyrimidyl according to the instructions of 

thee label manufacturer (IGEN International Inc., Gaithersburg MD, USA). 

Samples Samples 

Infectiouss subtype A-E virus stocks were collected by the UNAIDS Network for HIV 

Isolationn and Characterization.91 Expanded virus stocks were produced according to the 

previouslyy described protocol171 by inoculation of 4.0xl06 phytohemaglutinin-simulated 

donorr peripheral blood mononuclear cells with supernatant, rescued from the primary 

isolate.. After incubation and washing, cells were resuspended in culture media and 

incubatedd at 37EC for three days. The cultures were then split into two. After continued 

incubation,, cell-free supernatant was harvested at day 6-7 from one and at day 10-11 

fromm the other culture to determine which would yield the highest p24 values. 

Thee same protocol was performed on a biological clone (BC617) of which the 

culturee supernatant was used for determination of reproducibility of the HIV-1 p7 ECL-

immunoassay.. As a reference in the same experiments a virus stock (HXB3) was used.97 

Too test the reproducibility of the p7 assay, the ECL-signal ratios between the reference 

strainn and 3 other subtype B viruses were five times independently determined. 

Serumm samples collected from 62 HIV-1 positive participants in the Amsterdam 

cohortt studies on HIV infection and AIDS24 were used as well. 
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QuantitativeQuantitative HIV-1 p7 ECL-immunoassay 

Afterr testing of the various antisera and reaction conditions (see Result section) 

thee p7 ECL-immunoassay that was evaluated on culture supernatant and serum consisted 

off the following format: 50 ml of binding buffer (PBS, 2 percent NGS, 2 percent Tween-20 

andd 100 mM NaCI) containing 4 mg/ml biotin-labelled g#1098 antibody and 5 mg/ml Ru-

labelledd g#1113 antibody was added to 25 ml sample. The mixture was diluted 10 times 

inn PBS, 2 percent NGS and 0.5 percent NP-40 and heat-inactivated for 30 minutes at 56 

ECC to inactivate infectious HIV particles. After 30 minutes of incubation at room 

temperature,, 25 ml of a 10 mg/25 ml suspension of streptavidin coated M-280 

Dynabeadss (Dynal, Oslo, Norway) in bead diluent (Igen International Inc., Gaithersburg 

MD,, USA) was added and incubated for another 15 minutes at room temperature, while 

gentlee shaking. After addition of 200 ml assay buffer (IGEN International Inc.), the 

sampless were analysed in the ORIGEN analyser (IGEN International Inc.). 

Anti-HIV-1Anti-HIV-1 p7 immunoassay 

Microtiterplatess were coated with 100 ml per well of 100 ng/ml recombinant p7 in 

PBSS (Gibco BRL). After overnight coating, the wells were blocked for 1 hour at 37 EC with 

1500 ml PBS, 3 percent BSA (Boehringer Mannheim, Mannheim, Germany), and 0.1 

percentt Tween-20 (Merck, Darmstadt, Germany). 100 ml of 1:100 in blocking buffer 

dilutedd serum samples were added in the wells and incubated for 2 hrs at 37 EC. After 3 

timess extensively washing with PBS and 0.1 percent Tween-20, each well was incubated 

forr 1 hour at 37 EC with 100 ml 1:5,000 in blocking buffer diluted HRP conjugated goat 

anti-humann IgG (Gibco BRL). 100 ml substrate (OPD, Abbott Laboratories) was added 

afterr 5 times extensive washing and the reaction was stopped after 10 minutes 

incubationn at room temperature with 50 ml 0.5 M H2S04. The optical density was read at 

450450 nm, Positive were these samples which had an optical density of the mean of 21 

blankk samples plus 2 times the standard deviation. 

QuantitativeQuantitative HIV-1 p24 assays 

HIV-11 p24 antigen concentration was measured in cell culture supernatant and 

humann sera, using a commercially available immunoassay (Abbott Laboratories, Abbott 

Park,, IL, USA) and an in-house assay. The in-house assay, described by Moore et al.,105 

wass optimised on HIV-1 subtype B in order to achieve results comparable to the 

commerciall assay. 
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Tablee 1. Characteristic s of all antiser a used . 

Namee (reference ) * 

g#900,, g#923, 
g#969,, g#989, 

g#1098,, g#1113 

R-D-20750 0 

R-D-25974 4 

R-DJ-31677 7 

R-DJ-37544 4 

R195 5 

R196 6 

HH3149 9 

5B7E33 and 4D1 

Species s 

goat t 

rabbi t t 

rabbi t t 

rabbi t t 

rabbi t t 

rabbi t t 

rabbi t t 

mous e e 

mous e e 

Monoclona ll  or 
Polyclona l l 

polyclona l l 

polyclona l l 

polyclona l l 

polyclona l l 

polyclona l l 

polyclona l l 

polyclona l l 

monoclona l l 

monoclona l l 

Antige nn used (reference ) 

recombinan tt  p7 

syntheti cc  p7 

HPLC-purifie dd vira l p7 fro m HIV-1 MN strain 68 

HPLC-purifie dd vira l p7 fro m HIV-1 MN strain , 
refolde dd in presenc e of zinc 68 

HPLC-purifie dd vira l p7 fro m HIV-1 MN strain , 
refolde dd in presenc e of zinc 68 

syntheti cc  p733 

syntheti cc  p7 withou t the 2 zinc-fingers 34 

syntheti cc  p733 

HPLC-purifie dd vira l p7 fro m HIV-1 MN strain 68 

** All antiser a were kindl y provide d by Dr. L.O. Arthu r (NCI-Frederic k Cancer Researc h and Developmen t Centre , 

Frederic kk MD, USA), excep t for R195, R196 and HH3 whic h were a gif t of Dr. J.-L . Darli x (Laboratoir e de 

Virologi ee Humaine , Ecole Normal e Superieur e de Lyon , Lyon , France) . 

QualitativeQualitative anti-HIV-1 p24 assay 

Anti-p244 responses were measured using a commercially available assay 

(Wellcozymee HIV-1 anti-p24, Murex Diagnostics Ltd., Great Britain). 

QuantitativeQuantitative HIV-1 RNA assay 

Forr determination of the HIV-1 viral RNA concentration of viral isolates in cell 

culturee supernatant and sera, we used the commercially available HIV-1 NucliSens assay 

(Organonn Teknika, Boxtel, The Netherlands) as instructed by the manufacturer. 

StatisticalStatistical analysis 

Correlationn analyses were performed with SigmaStat for Windows Version 1.0 

(Jandell Corporation, San Rafael CA, USA) 
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Result s s 

DevelopmentDevelopment of a HIV-1 p7 ECL-immunoassay 

Thee IgG anti-p7 fractions labelled with biotin and Ru-tag were tested in all 

combinationss at a starting concentration of 2 mg/ml each (25 ml) to detect p7 as 

sensitivelyy as possible. Combinations were further tested with respect to 

concentrations,, incubation time and temperature, the antiserum dilution buffer, and 

thee sample dilution buffer. PBS and citrate buffers containing different concentrations 

off normal goat serum (NGS), detergents (Tween-20, NP-40, Triton X-100, BRIJ-58, 

Ipegall CA-630, SDS), and NaCI were tested to achieve optimal conditions. The 

preferredd antiserum diluent turned out to be PBS, 2 percent NGS, 2 percent Tween-

20,, and 100 mM NaCI in combination with sample diluent containing PBS, 2 percent 

NGSS and 0.5 percent NP-40. The antiserum diluent was optimal for the best 

antiserumm combination, which was biotinylated g#1098 and Ru-tag labelled g#1113. 

Thee culture supernatant samples had to be diluted at least ten-fold, most likely due 

too biotin in the cell culture medium, since biotin can react with streptavidin and 

disturbb the later steps of the assay. Infectious HIV particles in the diluted samples 

weree heat inactivated for 30 minutes at 56 EC, whereafter 50 ml of 4 mg/ml g#1098 

andd 5 mg/ml g#1113 dissolved in antiserum diluent was added. After 30 minutes 

incubationn at room temperature, streptavidin-coated magnetic beads were added and 

incubatedd before the samples were analysed. The dynamic range of the assay with 

regardd to these antisera was between 50 and 20,000 pg/ml p7 using recombinant p7 

inn 90 percent sample diluent and 10 percent cell culture medium. 

Tablee 2 . Ratios of ECL-counts comparing HXB3 with other viral strains. 

Viruss stock exp.1 exp.2 exp.3 exp.4 exp.5 mean / SD 

HXB33 1.00 1.00 1.00 1.00 1.00 

BC6177 - 0.84 0.79 0.73 0.78 0.78/0.05 

BR211 0.82 - 0.77 0.90 1.04 0.88/0.12 

TH144 1.05 0.97 1.00 1.13 1.26 1.08/0.12 

ReproducibilityReproducibility of the HIV-1 p7 ECL-immunoassay on viral cultures 

Thee absolute ECL-counts for HXB3 ranged between 42,203 and 56,158. The 

ratioss between the reference strain and the other viruses were calculated, as ratios 

wouldd be used for quantification. If the assay was reproducible, the ratios had to be 
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constant.. As shown in Table 2, the reproducibility of the p7 assay was high, with 

standardd deviations between 0.05 and 0.12. 
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Figuree 1. HIV-1 p24 ) and p7 (#) 
concentrationss in two viral cultures (A and 
B).. (LDL = lower detection limit, p = 
passagee of cultures) 

Figuree 2. HIV-1 RNA levels ) and p7 ) 
concentrationss in two viral cultures at five 
differentt time points (A and B). (LDL = 
lowerr detection limit) 

HIV-1HIV-1 p7 vs p24 and RNA in subtype B culture 

Thee amount of HIV-1 p7, p24 and HIV-1 RNA was quantified in two parallel 

culturess of HIV-1 subtype B viruses.35 For comparison of the p7 and p24 

concentrations,, we took samples at 8 time points after infection and results (Figure 1 

AA + B) showed that amounts of p7 and p24 parallelled each other closely in time. 
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Thee p7 and p24 levels of all the samples together showed a correlation coefficient 

off 0.869 (p<0.0001). Theoretically, the mass ratio between p24 and p7 is 

approximatelyy 3.5:1, since the molar ratio is 1:1 and since both proteins are formed 

outt of one precursor molecule, Pr55fla9. The mass ratios found at most sampling 

pointss approached this 3.5:1. 

Iff most of the p7 and p24 measured is bound to the viral particle than 

consequentlyy p7 and p24 levels would also correlate with viral RNA level in the 

culturee supernatant. The viral RNA level in 5 of the 8 samples was measured, and the 

logioo p7 concentration (pg/ml) was plotted against the logio viral RNA level 

(copies/ml)) (Figure 2 A + B). Taking all samples together, we found a correlation 

coefficientt between RNA level and p7 level of 0.858 (p=0.0009). To test the 

sensitivityy of the p7 ECL-assay in comparison with the viral RNA level, a culture 

samplee was drawn just before passaging. From a 10-fold serial dilution series of this 

sample,, it appeared that p7 could be detected when RNA levels were >1065 

copies/ml. . 

Thee ratio of p7 molecules per RNA molecule was calculated from the 

concentrationn of p7 and the RNA levels. For all 7 samples in which both p7 and viral 

RNAA could be detected, the median was approximately 1,400 molecules of p7 per 

RNAA molecule, with a range of approximately 1,000-5,250 molecules of p7 per RNA 

moleculee or 12-60 pg/106 molecules RNA (molecular mass of p7 is approximately 

6,8500 g/mol). 

HIV-1HIV-1 p7 in various viral cultures of different subtypes 

Finally,, a collection of 21 viral isolates comprising HIV-1 subtypes A-E of the 

M-group911 and 6 viral isolates of the HIV-1 O-group31 was analysed and p7 could be 

detectedd in all culture supernatants. 

TheThe HIV-1 p7 ECL-immunoassay on clinical serum samples 

Eighty-onee human sera taken from 62 HIV-1 infected and non-treated 

individualss were analysed for p24, anti-p24, p7 and anti-p7 responses, as well as 

RNAA levels. Of these samples, 45 (56 percent) were positive for p24 and 46 (57 

percent)) reacted positively in the anti-p24 assay. Of all samples, 6 reacted positively 

inn the anti-HIV-1 p7 EUSA, suggesting that in approximately 7 percent a possible 

interferencee of anti-p7 antibodies in a p7 detection assay is to be expected. In 5 

otherr samples (6 percent), p7 could be detected (Table 3A). All 5 samples were anti-

p77 negative. Four of the five p7 positive samples were positive for p24 and negative 

36 6 



forr anti-p24. The remaining p7-positive sample was positive for anti-p24 and 

negativee for p24 (Table 3B), as were 5 of the 6 anti-p7 positive serum samples. The 

HIV-11 RNA levels in the 5 p7 positive serum samples were high, ranging from 106041 

too 10 8 " 1 copies/ml (Table 3B), corresponding with the lower detection limit of the p7 

assayy in viral cultures . 

Tablee 3. Anti-p24 , p24, anti-p 7 and p7 sero-statu s of 81 human sera (A.) and of the 5 p7-positiv e sera 

(46)+ + 
anti-p244 Ab 

( 3 5 ) --

(6)) + 
anti-p77 Ab 

( 7 5 ) --

(5)) + 
p7Ag g 

( 7 6 ) --

p244 Ag 

(45) ) 
+ + 

11 1 

34 4 

2 2 

43 3 

4 4 

41 1 

(36) ) 

35 5 

1 1 

4 4 

32 2 

1 1 

35 5 

p7Ag g 

(5) ) 
+ + 

1 1 

4 4 

0 0 

5 5 

(76) ) 

45 5 

31 1 

6 6 

70 0 

anti-p77 Ab 

(6)) (75) 
+ + 

55 41 

11 34 

B. . 

p77 positive 
serumm id. no. 

R9600215 5 

R9600383 3 

R9609726 6 

R9708740 0 

R9710811 1 

anti-p7 7 

--

--

--

--

--

p24 4 

+ + 

+ + 

--

+ + 

+ + 

anti-p24 4 

--

--

+ + 

--

--

RNAA level 
(log100 copies/ml) 

8.991 1 

8.000 0 

6.084 4 

6.041 1 

7.114 4 
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Discussio n n 

Ann immunoassay based on etectrochemiluminescence (ECL) technology was 

developedd to detect the HIV-1 nucleocapsid gag-protein, p7. This p7 assay was a 

capturee assay using two antisera directed against p7, one labelled with biotin and the 

otherr with ruthenium-trispyrimidin. The anti body-corn plexed antigen was detected by 

usingg streptavidin beads in an ECL-system.86 

Evaluationn of the p7 ECL-assay showed that it could detect and quantify p7 in 

viruss cultures of various subtypes and also, but less so, in HIV-1 positive sera. The 

amountss of p7 measured in two parallel virus cultures correlated well with the 

amountss of p24, as could be expected, since both proteins are cleaved from the same 

p555 gag-precursor.67;68 Furthermore, viral RNA production correlated well with p7 

production,, suggesting that in these cultures most of the p7 (and p24) was in viral 

particles.. Theoretically, since p7 has a binding region of 7 nucleotides of RNA176, 

approximatelyy 1,300 molecules of p7 per RNA molecule are present if the whole 

genomee is covered with P7.94'176 We calculated a ratio of approximately 1,400 

moleculess of p7 per RNA molecule, which corresponds well with the theoretical figure. 

Thee correlation between p7, p24, and RNA indicated that the p7 assay is well able to 

monitorr viral infections in culture. 

Wee could detect p7 in culture supernatant of both M and O group HIV-1 

isolates,, which is in accordance with the conserved nature of the protein.89 The in-

housee p24 assay10S did not detect p24 in group O isolates, whereas the commercially 

availablee assay did. This confirms that p7 is highly conserved among the HIV-1 

subtypes. . 

Wee were not able to show the clinical utility of p7 as a possible marker for 

virall replication in vivo, since p7 could be measured in only a few sera. In culture 

supernatant,, p7 was detected only when the HIV-1 RNA level was higher than 106,5 

copiess per ml. The RNA levels in the p7-positive sera were higher than 106 copies per 

ml.. Since mean viral RNA levels in sera is approximately 103 to 105 copies per 

m|37;69;79;80;85;ioo;ioi;i4ss t h e c u r r e n t format of the assay has limited clinical utility. As 

wass shown in this study, antibody reactivity to p7 was limited. Antibodies to p7 could 

onlyy be detected in 7 percent of the samples, in accordance with previous studies 

(L.O.. Arthur, personal communications). Nevertheless, p7 appeared to be 

immunogenic,, as we have observed that after immunization of mice, rabbits or 

goats,, an immune response to p7 is developed (though in the presence of an 

adjuvant).. Therefore, the limited immune response in vivo in humans may be the 

resultt of the high particle-associated nature of p7,67;68 keeping it shielded from the 
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immunee system. 

Inn summary, we developed an ECL-based p7 immuno-assay with a dynamic 

rangee of 50-20,000 pg/ml p7. It was well suited to compete with p24 assays in 

standardd viral infection, independent which HIV-1 subtype is cultured. Compared to 

standardd EUSA-based assays to detect p24 antigen, the p7 assay was faster. Its 

lowerr detection limit is higher than in a standard p24 immunoassay, but this was a 

negligiblee disadvantage when assaying the production of viral antigens in tissue 

cultures.. A p7 assay may be of use in neutralisation studies, where antisera are 

testedd for their ability to prevent HIV-1 from infecting cells. Currently, these studies 

aree performed by adding serum to cell cultures that are exposed to HIV-1. Viral 

productionn is then measured by p24 production, and cultures must be washed 

extensivelyy after incubation with virus and serum to remove antibodies against p24, 

whichh interfere with the assay. Since little or no p7 or antibody response to p7 is 

detectablee in serum, the p7 assay would eliminate the washing step, and p7 

producedd by the cells in culture could be measured directly in culture supernatant. 

Thee omission of the washing step would most probably improve the reproducibility of 

thee neutralisation assays. Therefore, in addition to monitoring HIV-1 replication in 

virall cultures, the p7 assay described may be a good alternative for the p24 assay as 

thee read-out system of neutralising activity of serum antibodies. 
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