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The possibility that concentration of fluor- 
escein in fluorescein-con jugated protein solu- 
tions might be used as an index of their pro- 
tein content was suggested by the work of 
Schiller et  crl. ( 1) , who demonstrated that fluo- 
rescein-protein conjugates, like fluorescein 
dye, have a light absorption peak a t  a wave 
length around 490 mp. Optical density 
(O.D.) a t  490 m p  of a fluorescein-protein con- 
jugate is an index of its dye content and, for 
that coinjugate, of its protein concentration. 
For any preparation this direct relationship 
exists over a wide enough range to  suggest the 
spectrophotometric determination of fluores- 
cein content as a means of determining pro- 
tein coatent. 

A procedure far quantitative determination 
of non-precipitating antibodies has been de- 
scribed ( 2  ) . Total protein precipitated in the 
equivalence zone from a mixture of precipi- 
tating and non-precipitating antibodies and 
homollogous antigen is compared to amount of 
precipitate obtained by using precipitating 
antibody and antigen alone. The difference 
is taken as the amount of nm-precipitating 
antibody [ (precipitins + co-precipitating an- 
tibodies + antigen)-(precipitins + anti- 
gen) equals co-precipitating an tibodies1 . The 
validity of the results depends on the assump- 
tion that addition of the co-precipitating fac- 
tor does not alter amcunt of protein precipi- 
tated from the precipitating serum. 

Since concentration of the fluorescein-pro- 
tein conjugate can be estimated directly on 
the basis of the O.D. a1 4901 mp, use of coin- 
jugated antibodies (precipitins in the system 
described above) should obviate the need of 
the double sample. We are reporting pre- 
liminary experiments for titrating conjugated 
added to unconjugated precipitating anti- 
b oldies. 

Procedurt-. Anti-egg albumin and anti- 
~ 

* This work was supported 1)y IT. S. Public Health 
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human globulin rabbit antisera were obtained 
from animals inoculated weekly with 5 sub- 
cutaneous injections of antigent in Freund's 
complete adjuvant. One portion of each se- 
rum was precipitated a t  337% saturation with 
ammonium sulphate to obtain the crude gam- 
maglobulins that were conjugated with fluo- 
rescein isothiocyanate following the rnethod 
of Riggs et aZ.(3). 

buffered saline a t  pH 7.4, variable amoiints of 
the conjugates were dissolved in N/1 NaOH 
and the solutions were examined for the spec- 
trum absorption between 300 and 1000 mp 
with a Reckman DU Spectrophotometer, 
against a blank of N /  1 NaOH. Fig. 1 shows 
that in this alkaline medium conjugates have 
a sharp absorption peak between 420 aind 540 
mp with a maximum near 500 mp. 

The  absorption characteristics of the vari- 
olus concentrations of the fluorescent protein 
preparations were determined by their O.D. 
a t  490 mp. Results were proportional to their 
protein concentration for a range of 5-200 

Because the an tiboldies, specifically precipi- 
tated from the conjugated gamma globulins 
and then redissolved in K,/l NaOH, had the 
same fluorescein-protein ratio) as total conju- 
gated gamma globulins frolm the same batch 
the standard was always prepared with crude 
conjugated gamma globulins. 

Protein content of the standard was deter- 
mined by the Lowry method(4) a t  750 mp 
and the O.D. of known dilutions of the same 
preparation, determined a t  490 mp was 
plotted against their protein content (Fig. 2 ) .  

The folllowing antigen 'an tibody systems 
were prepared: 

a )  unconjugated rabbit anti-egg albumin 
serum + conjugated rabbit anti-egg 
albumin globulins +- egg albumin. 

After 7 days' dialysis against p 

d m 1 .  

t Thrice crystallized egg albumin (Armour) poli- 
( mvclit i \  immune human glohulin ( lxderle) 
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b )  uncmjugated rabbit anti-egg albumin 
serum + conjugated anti-human rabbit 
globulins + egg albumin. 

c) unconjugated rabbit anti-human serum -+ conjugated rabbit antihuman globu- 
lins + human globulins. 

d )  unconjugated rabbit anti-human serum 
+ conjugated rabbit anti-egg globulins 
+ human globulins. 

The conjugated globulins were in the con- 
centration of 174 protein. the heterologous 
conjugated antibody in b )  and in d )  served 
as controls. 

The various mixtures were placed a t  37"(' 
for 2 hr. then overnight at 4 'C. Resulting 
precipitates were waslied ,3 t iines with salintb 

buffered a t  pH 7.4 a t  4"C, then dissolved in 
X / l  NaOH. 

One part of the dissolved precipitate was 
used for spectrophotometric determination of 
the conjugated protein content by means of 
the 0.1). a t  490 mp. using the standard curve 
of O.D. u s .  protein concentration prepared 
from the same batch. The other part of the 
dissolved precipitate was used to estimate pro- 
tein content by the Lowry method. Volumes 
used for the latter were calculated on the basis 
of the expected amount of specific precipitate 
so that the values were in the workable range 
of the LGwry method either a t  750 or 560 mp. 
'The 490 mp. more suitable for higher proltein 
concentrations was not used because of inter- 
ference of the fluorescent dye. 

The results of a typical determi- 
nation are shown in Table I .  Only when ho- 
mologcus conjugated antiboldy was added did 
an appreciable amount of fluorescent dye ap- 
pear in the dissolved precipitate. No signifi- 
cant O.D. readings could be obtained a t  490 
m p  in the redissolved precipitate from the un- 
conjugated antibody to which heterologous 
conjugated antibody and specific antigen had 
been added. 

Amount of protein precipitated from the 
conjugated globulins was calculated by 2 
methods: (1)  using the Lowry technic and 
subtracting the results of b )  from a) and of 
d )  frcm c )  respectively; ( 2 )  by direct esti- 
mation of O.D. of the precipitate a t  490 mp, 
interpolating this result on the standard. It 
should be emphasized that the results ob- 
tained by the two metholds agree only when 
the data in the equivalence zone are com- 
pared; a t  other antigen/antibody ratios the 
data, calculated by difference, do not agree 
with the direct spectrophotometric determina- 
tion. In Table I the results obtained in equi- 
valence zone are italicized. 

The experiment has been repeated using 
unconjugated rabbit antiserum heated at 
75 C to destroy its precipitating activity with- 
out eliminating its capacity of co-precipitating 
in presence of homologous precipitating anti- 
body and antigen ( 5 ) .  Table I1 shows that. 
in this condition too, use of fluorescein conju- 
m t c d  1,recipitins lx~rnits us to distinguish in 

Results. 
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TABLE I. Analysis of Specific Precipitate Obtained from Mixtures of Uiicoiijiigated Precipi- 
tins and Conjugated Precipitins. 

Conjugated Uncori j ugat ed Total pptd. 
proteins Anti- proteins in proteins in 

Antigen (ag + ab) O.D. at bodies precipitate precipitate 
Ant ilj o dies (7) (Y) 4 9 o w  PPt(1. (Y> (Y) (Y) 

.I nil :inti-egg serum + ..3 i d  conjug. 
anti-egg glob. 
(1 To proteins) 

.1 ml anti-egg serum + ..3 ml conjug. 
a n t 1-hum . glob. 
(1% proteins) 

. I  i d  anti-Etuin. serum + .3 ml conjug. 
anti-hum. glob. 
(1% proteins) 

.1 r n l  anti-bum. sernin + .! in1 conjug. 
anti-egg glob. 
(1% proteins) 

200 EA 
150 
100 
i 9 

50 
200 E h  
150 
100 

50 

75 
50 
25 

75 
50 
25 

- F  

-I i n  

100 HG 

100 HG 

600 
820 
960 
860 
800 
400 
650 
820 
790 
780 

390 
51 0 
420 
370 
230 
260 
340 
250 

.045 
,061 
.080 
.075 
.065 
.005 
- 
- 

.005 
- 

.in8  

.096 

.074 

.071 
- 

.002 

.006 

.005 

86V 
785 
750 

(720)  
(715) 
730 

n 
370 
345 

(185) 
3 9  0 
225 

72 
104 
134 726 
120 665 
110 640 

twces 
- 
_- 

traces 
- 

128 
I ?5,? 
124 
116 
_- 

traces 
2 ,  

9 ,  

“83 
246 
229 

Washed precipitates were dissolvccl in 4 rill o €  N/1 NaOH; the Lowry method was performed 
on .2 ml of these soliltions and results mixltiplietl by 20; 0.D. were interpolated 011 startdard 
eurITe to obtain conjugated protein coiiccntratiori and results multiplied by 4. Proteins precipi- 
tated from unconjugated seruiii were given by the d j f f  e r ~ n c e  : Aiitibodies pptd. - conjugated pro- 
teins pptd. 

EA = egg albumin; HG = liunian globulins. 

TABLE IT. Aiialysis o f  Specific. Precipitate 0l)taiiietl f ~ o i i r  Mixtures of (‘oiijugated Precipitiiis 
and H eat ed Rabbit Antisera. 

Total pptd. Conji1gatt:d Uricoiijug?ted 
pro t eiiis Anti- proteins in proteins in 

Antigen (ag + ab) 0.D. a t  Iiodies precipitate precipitate 
Ant ib o cli P s (7 )  (Y) 490mp PI’td. ( Y )  (Y) (Y) 

.5 nil :inti-human 100 HG 
heated seruiii + 75 
.3 1111 corijugateil 50 
:inti-liuinan glob. Zt5 
( 1% proteins) 

.5 till anti-egg heated 
serum + .3 1111 75 
conjugated anti- 50 
hunian glob. 25 
(1% proteins;) 

100 HC; 

31 0 
3411 
320 
210 

160 
I90  
620  
190 

130 
26’5 148 
270 114 
185 108 

160 
114 

(1 70)  144 
165 142 

7 5  

Anti-human globulins arid anti-egg albumin rabbit sera, diluted 1 t o  5, were heated a t  75°C 
pitins were present in these 

The mixtures unconjugatetl heater1 antisera, conjugated anti-human globulins, huiiiaii 
f o r  15’, kept in cold f o r  2 ivk and centrifuged hefore using; 110 p 
s e m  
glohuliiis were kept for 3 clays at 4°C hefore titration of precipitates. 

the specific precipitate the proteins of the two 
sera. 

The optical characteristics of the fluores- 
cein isothiocyanate might be applicable for 
determination of protein content of noln-pre- 
cipitating antibadies when they are co-pre- 
cijiitated by fluorescein-con jugated precipi- 
tins. We arc at  present trying to apply this 

method to quantitative determination of the 
reagins. 

Summary.  The O.D. of fluorescein isothio- 
cyanate permits determination of quantity of 
protein derived from a conjugated precipitin 
serum when this i s  added to an unconjugated 
precipitin serum. This permits one 110 (listin- 
giiidi in i i  spccific precipitate the antibodies oif 
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Schayer, K. \Y., Hess, E. L., 1. 

Experimental Histoplasniosis in  1,arge Domestic Animals.* (26014) 

Previous studies from these laburatories 
have been concerned with pathogenesis of his- 
toplasmosis in mice ( 1-4 ) . dogs ( 5.6 ) . and 
mcnkeys ( 7  ) . The present report describes es- 
perimental disease in horses. cattle, sheep. and  
swine. Although naturally occurring clinical 
histoplasmosis is rare in these species ( 8 ) . 
skin-test and other evidence( 9 ) suggest that. 
as in man, asymptomatic infection may he 
more common. To our knowledge, experi- 
mental infection of these species with H .  cap- 
siilatuiiz has not been reported. 

J la tcr ia ls  and iucthods.  Eight health!, 
ycung adult animals. 2 of each species and 
one of each sex. were used. .After completion 
of base line studies, each ~vas  inoculated intra- 
tracheally ( 10) with 5 .O ml of saline suspen- 
sion of yeast phase H .  rupsulatunzt containing 
2.0 rnl of packed cells from 3-day cultures 
grown on brain heart infusion (Difco) blood 
agar. Pontocaine (Iyinthrop). 2.0 ml, was 
administered intratracheally 5 minutes prior 
to inoculation of yeast cells to1 depress reflex 
coughing. Animals were observed daily for 
clinical signs of illness. and blood samples for 
cultures, complete blood counts. and serologic 
studies were taken 7 .  10. 1 7  and 24 days after 
inoculation. Serologic response was studied 
by collodion agglutination ( 11 ) and cumple- 
ment fixation( 12 j tests a t  these intervals, 
then weekly foir about 3 months. Skin tests 

* Supported by Nat. Tnst. Health grant. 
1 Strain G 13-an isc~lntr from ip' nt:trit*ou> hiqto 

plasmosis in a dog. 

were performed 31 and 73 days after inocu- 
lation. using histoplasmin prepared and stand- 
ardized in infected dogs by previously de- 
scribed methods ( 13-14). Seven of 8 animals 
were sacrificed about 3 months post-inocula- 
tion, and complete autopsies performed. Tis- 
sues taken a t  autopsy and all blood samples 
were treated and cultured by the method of 
('onant ( 15) .  

Results. Table 1 summarizes findings in 8 
large domestic animals inoculated intratra- 
cheally with H .  capsulatum. All except the 
female sheep exhibited clinical evidence of in- 
fection and all produced antibodies and de- 
veloped positive skin tests as compared to 
pre-inoculation antibody-negative sera and 
negative skin tests. Fever was first observer' 
in 7 of 8 animals 3-5 days after inoculation. 
and persisted for about 1 week except in the 
male sheep and swine, in which 3 weeks olf fe- 
ver was observed. Symptoms varied from 
slight cough in the 2 swine to definite respira- 
tolry symptoms in the male sheep character- 
ized by frequent cough, dyspnea, dry rales, 
tachypnea and hyperpnea; rales and hyper- 
pnea persisted in this animal up  to time of 
sacrifice a t  88 days. -4 positive blood culture 
was obtained from the male sheep 7 days after 
inoculation, and H .  capsulatum was seen in 
lung lesions a t  autopsy. In  oither animals, 
symptoms subsided within a few days after 
the end of the febrile period. A positive blood 
culture was also obtained from the female 
.;wine 7 days after inoculation. No significant 


