
Isolation from Human and Pork 
Lung of an Inhibitor of 
Virus Hemagglutination 

AC~UCOLIScxtracts of egg xuhite ( I ), 
blood-cell stromata ( 2 ) ,  various anirnal 
tissues (3),and excrctory fluid7 ( 4 )  are 
known to inhibit the hemagglutination of 
c11icl:cn red blood cells by influenza, 
mumps, and Ncwcastle disease viruses. 
Ccrtain plant products such as apple pcc- 
tin (5) will also inhibit viral hemagglu- 
tination. I t  is gcncrally considered that 
the m-iterial responsible for inhibitor ac- 
tivity is a mucoprotcin (3, 4, 6 ) .  How-
ever, to the best of our knoxvledge, no 
information designed to elucidatc the de- 
tailed chemistry of these inhibitors has 
been published. 

In  an attclnpt to obtain sufficient ma- 
terial for studics that might help to 
clarify thc chemistry of the virus-inhibi- 
tor substanccs. considerable matcrial of 
a ~llucopolysaccharidc nature and with 
high inhibitor activity Itas isolated from 
both human and pork lung ( 7 ) .  Attempts 
to incrcase the purity of our materials, 
hotvcvcr, lcd to the isolation of a sub-
stance that, although it xvas not muco-
polysaccharidc in naturc, was apparcntly 
rcsponsiblc for the inhibitory activity of 
our crude matcrial. The substance was 
found to contain phosphate, but not sul- 
fate. Incubation of this substance xvith 
allantoic fluid containing PR8 virus re-
sultcd in a loss of activity, togcthcr with 
a liberation of free phosphatc. The Salk 
method (8) was used to measure inhibi- 
tor activity. 

Three pairs of frcsh, normal humail 
lungs wcrc cut into small pieces, dippcd 
in 	Celitc, passed through a lncchanical 
grinder, covered with acctonc, and storcd 
at 	-25OC ovcrnight. The acetone was 
removed by filtration on a Buchncr fun- 
nel. and the solid residue was extracted 
with 3-percent ammonia water for '/2 
hour at 60°C. The inhibitor material 
was scparatcd by filtration through Celite 
on a Buchncr funncl, and the pII  of the 
filtrate was adjusted with acetic acid to 
approximately 7. The prccipitate that 
formed was rcmovcd by centrifugation, 
redissolved in 200 lnl of 3-pcrccnt am-
monia watcr, filtcrcd, adjusted to pH 7 
with acetic acid, and centrifuged. The 
supernatant fluids containing matcrial 
soluble a t  pH 7 wcrc combined, and six 
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olumes of absolute ethanol were addcd. 
The prccipitate was collected by ccn-
trifuqntion. Weight, 52 s; acti~ity, 4 i ~ g  
inhibitcd two units of PR8 virus. 

The  biologically a ~ t i v e  precipitate was 
dissolved in distillcd xvater containing a 
few drops of 10-percent ammonia water 
( p H  7 to 8 ) ,  and the protein was rc-
moved by shaking the solution a number 
of times wlth a 1/4 lnixturc of arnyl 
alcohol and cl~loroform aftcr the man-
ner of Scvag ( 9 ) .  The mixture was ccn- 
trifugrd to break the ~mulsion, the clear 
aclucous laycr xuas acidified (pH 6 to 7 )  
with acctic acid, and the activc material 
was p~ecipitatcd by the addition of six 
volurncs of absolute cthanol. The wre-
cipitate was xvashcd scveral times with 
absolute ethanol and with cthcr, then 
dried at room temperature under a high 
vacuum. IVeight, 20 g; activity, 1 pg in- 
hibited two units of PR8 virus. 

The dricd powdcr was cxtractcd with 
25 rnl of forlnamidc and filtered, and the 
active matcrial was precipitated from the 
formamide solution by the addition of 
200 ml of absolutc ethanol and 25 ml 
of ether. Thc prccipitate was washed 
with absolute ethanol and with ether. 
Weight, 2 g; activity, 0.1 pg inhibitcd 
two units of virus. 

The inhibitor substance was further 
purified by dissolving it in 50 ml of dis- 
tilled water acidificd with acctic acid 
(pH 6 to 7 )  and adding a saturated solu- 
tion of lead acetate drop by drop until 
precipitation was complete. The  prc-
cipitate was collccted by centrifugation 
and xvashcd txuicc with distillcd xvatcr. 
Flreight, 200 lng. 

One gram of this lead salt xvas stirrcd 
with 10 ml of a freshly prepared 3-pcr- 
cent solution of a~l l~l loniu~l l  sulfide, and 
the mixture was centrifuged and filtcrcd 
through a frittcd glass filtcr. Thc cxccss 
ammoniu~ll sulfidc was rcmoved bv 
warming the solution under reduced 
prcssure at 30 to 35OC. Ten milliliters 
of 	 absolute ethanol were addcd to the 
solution, which was then filtered. After 
the addition of 10 ml of ethcr, the solu- 
tion xvas allowed to stand at  O°C over-
night. Additional material could be 
obtained by recycling the insoluble frac- 
tions. 

The  prccipitate was collcctcd by ccn-
trifugation, washcd with ethanol and 
ethcr, dissolved in 10 ml of distilled 

water, and treatcd with 10 ml of a satu- 
rated solution of calcium hydroxidc. The 
ammonia was rclnoved by cautiously 
xuarming at 40°C under reduced prcs-
sure. The excess calcium hydroxidc was 
rclnoved by treating the solution xvith 
carbon dioxide gas and then filtcring. 
The  calcium salt precipitated as an 
amorphous powder on thc additlon of 
five volu~llcs of ethanol. IVcight, 600 mg; 
activity, 0.01 pg ~nhibitcd two units of 
lirus. A crystallinc product could be ob- 
tained by adding absolutc cthanol to 
turbidity and alloxving thc solution to 
stand for several days at 4OC. Elemental 
.nalys~-, (10)  shoxvcd: C, 13.34; 1-3, 5.37; 
S,12.01; P, 2.37; and As11 (as sulfate) 
10.11 percent. Optical rotation; [ c x j L s D ,  
-33' (H,O, C, 0 .1) .  

A ammoniu~ll salt could be prepared 
by trcating the calcium salt with am-
monium carbonatc, adding an equal vol- 
ume of ethanol, filtering, and then adding 
c ther until precipitation occurred. 

Both salts gave a positivc tcst with the 
Alolish and anthrone (11) rcagents, re-
duccd Fehlings solution aftcr but not bc- 
fore hydrolysis, and gave ncgativc xan- 
thoproteic, hlillon and ninhydrin tests 
for amino acids. Thc biurct tcst was posi- 
tivc. The test for hcxosamine (12) xvas 
positive aftcr hydrolysis. The substancc 
xvas stable at PI< 8 to 9 but readily lost 
biological activity at flH 4 to 6. The  
ultraviolet absorption spectruln shoxvcd 
a maximum at 260 my. The infrared 
spectrum showed absorption at 3.0, 6.05, 
and 6.45 p, which may be considcred to 
indicate the K-CO-NHK' grouping 
(13) .  Electrophoretic analysis showed 
one component at PH 8. At pH 4, how-
ever, after 15 minutes, four components 
wcrc obscrvcd. JVc consider this to be 
due to degradation at loxv pH. No inhibi- 
tion of the infectivity of PR8 virus in the 
chick elnbryo could be found. 

When pork lung (14)  was subjcctcd 

to the afore-mentioned isolation procc- 

dure, the matcrial, so far as could be 

asccrtaincd by a comp~rison of biological 

activity, chemical, clectrophorctic, and 

infrarcd analysis, Tvas the same as that 

obtained from human lung. Thc approxi- 

mate yield, in both cases, was 100 mg 

from 10 kg of frcsh lung. 
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Concentration of Visual Purple in 

a Retinal Rod of Rana pipiens 

T h e  density o f  the  photosensitive pig- 
m e n t  i n  the  distal segments o f  t h e  retinai 
rods and cones determines the  ef fect ive-  
ness o f  radiation incident u p o n  the  retina 
i n  evoking a visual response. O n l y  the 
light that  is absorbed b y  the  pigment i n  
t h e  visual cells can  b e  e f fec t ive  i n  initi- 
ating a visual stimulus. Since there are 
significant losses o f  light i n  the  trans-
parent media  o f  the refractive apparatus 
and i n  the  neural layers o f  the retina, i t  
is o f  importance t o  k n o w  w h a t  portion 
o f  the  light tha t  finally reaches the  distal 
segments will b e  absorbed. T h i s  can b e  
e v a l u a t ~ d  b y  a knocvledge o f  the density 
o f  t h e  pigment wi th in  t h e  distal seg-
ments  o f  the  retinal rod.  

Several methods  have been  applied t o  
t h e  determination o f  the  density o f  visual 
purple i n  the  distal segment o f  the  retinal 
rod.  O n e  procedure has been  f o  deter- 
m i n e  t h e  m a x i m u m  amount  o f  pigment 
that  is extractable f r o m  a k n o w n  number  
o f  retinas and t o  estimate horu m u c h  light 

this quanti ty  o f  pigment would absorb i f  
it  were dispersed i n  a n  area correspond- 
ing t o  the  retinal distribution o f  rods ( I ) .  
-1 i s  to estimate t h e  total 
visual pigment i n  the  outer l i m b  b y  meas- 
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uring the  minimum molecular bveight per 
chronlo~llOreand 
content b v  assav o f  the  carotenoid c o m -
ponent ( 2 ,  3 ) .  A n  additional and c o m -
pletely unrelated method  is t o  compare 
t h e  scotopic luminosi ty  curve and the  
spectral absorption curve o f  visual purple 
as used b y  Hecht  et al. ( 4 )  i n  order t o  
estimate t h e  absorption b y  rod segments 
i n  t h e  retina. 

A more  direct method  is t o  assay t h e  
extracted visual purple and t o  reduce the  
data t o  the  dimensions o f  a sinple distal -
rod segment,  as bvas at tempted by Broda 
et al. ( 5 ) and Denton  ( 6 ) .T h e  problem 
o f  light absorption i n  the  distal segments 
has become increasingly important  i n  the  
consideration o f  t h e  mechanism o f  the  
initiation o f  visual response. 

I n  the  series o f  estimations reported 
here ( 7 ) ,Rana pipiens ruere used. T h e  
animals were adapated t o  t h e  dark for 
24 hours, the  eyes ruere removed and 
sectioned, retina and pigment layer were 
removed ,  and the  pigment layer was 
separated f r o m  the  retina. T h e  retinas 
were washed i n  Ringer's solution and 
t h e n  very gently shaken i n  i t .  T h i s  served 
t o  detach the  distal segments o f  the  rods. 
T h e  rod segments ruere separated f r o m  
the  remainder o f  the retinal debris b y  
straining through fine wire m e s h  and re- 
covered f r o m  t h e  Ringer's solution b y  
low-speed centrifugation. T h e  accumu-
lated rods ruere resuspended i n  a k n o w n  
v o l u m e  o f  Ringer's solution, and the  total 
number  o f  rod segments i n  the  solution 
was estiinated b y  means  o f  a hemocy-
tometer ( T a b l e  1, c o l u m n  3 ) .  T h e  visual 
purple was extracted i n  5 m l  o f  digitonin 
solution a f ter  t h r  suspended rod seg-
ments  had b e e n  collected b y  centri fuga- 
t ion  at h igh  speed. T h e  absorption spec- 
t r u m  o f  t h e  resulting solution was meas- 
ured w i t h  a Beckman DU spectropho-
toineter. T h e  density at 500 m y  is given 
i n  T a b l e  1 ,  c o l u m n  4. T h e  residue re-
maining a f ter  the  centri fugation o f  t h e  
first digitonin extract bvas extracted a 

Table  1. Density o f  visual purple i n  retinal rods. T h e  concentration factor is 0.1102 x lo8; 
the  computed density o f  the  pigment i n  the rod segment along the axis (density per r o d )  
( f a c t o r )  is 0.642; and the  density per micron along rod axis is 0.012. 

Prepa- density Density per 
Number o f  at 500 m y  single rod i n  ration 

retinas Total  rods for 1-cm 5-ml solution > T  

depth o f  at 1-cm depth 
solution 

1 25 4.06 >( 10" 0.256 0.063 x 10" 
2 100 18.175 X 1 0  1.049 0.058 X 10" 
3 100 26.18 x loG 1.410 0.054 x 10" 

A v .  0.0583 x 10" 

second t i m e  ruith fresh digitonin, b u t  i t  
did no t  contain a measurable quanti ty  o f  
visual purple. 

T h e  dimensions o f  the  distal segments 
o f  t h e  rod3 were measured b y  means  o f  
a n  ocular micrometer.  F i f ty  separate 
measurements gave a n  average length  o f  
52.1 y and a diameter o f  7.6 y. From 
these figures, t h e  cross-sectioned area of 
a single rod was computed t o  b e  45.36 y2. 

Since the  number  o f  rod segments i n  
each preparation is known,  the  contri-
bution o f  a single rod segment t o  the  
density o f  the  total visual purple solution 
can  b e  computed .  T h i s  is shown i n  T a b l e  
1, c o l u m n  5. 

Assuming tha t  Beer's la\\ is valid ovel 
t h e  ranges o f  concentration encountered,  
w e  can estimate t h e  densitv o f  the  visual 
purple i n  a single rod segment b y  re-
ducing the  cross-sectional area o f  t h e  
solution t o  tha t  o f  a single rod.  Since the  
density o f  t h e  solution for a d e p t h  o f  1 
c m  is k n o w n  f r o m  direct measurement,  
this manipulation is i n  e f f e c t  equivalent  
t o  computing the  density o f  the  solution 
w h e n  its cross-sectional area is equal t o  
that  o f  a single rod and w h e n  its d e p t h  is  
permitted t o  increase until t h e  v o l u m e  is 
identical w i t h  tha t  o f  t h e  o r i ~ i n a l  5-ml u 


extraction. T h i s  procedure yields a con- 
centration factor b y  which  the  contribu- 
t ion  o f  a single rod segment t o  t h e  den- 
sity is mult ipl ied t o  yield the  density o f  
pigment i n  a distal segment o f  the  rod. 
T h e  concentration factor and the  com-
puted density o f  the  visual purple i n  the  
rod segment are shown i n  T a b l e  1. T h e  
density o f  pigment i n  the  rod segment is 
0.642 at a d e p t h  equivalent  t o  t h e  axial 
length o f  the  rod ,  52 fi, and the  density 
per micron  along the  axis o f  the  rod is 
0.012. 

T h i s  value is higher t h a n  that  reported 
b y  Broda et al. (5) or that  computed  b y  
Hubbard ( 3 ) ,and i t  is o f  t h e  same order 
o f  magnitude as tha t  reported b y  Denton  
for another species o f  frog ( 6 ) .Since this  
method  o f  assay requires t h e  solubiliza- 
t ion  o f  t h e  pigment,  t h e  unavoidable 
losses during processing m e a n  that  these 
are min imal  values. I n  addit ion,  i f  t h e  
distal segments o f  the  rod are n o t  re-
moved  intact ,  there mus t  b e  a portion 
o f  the  visual pigment w h i c h  remains i n  
t h e  retinal l a y e ~ s .  T h e  density per micron  
d e p t h  o f  a distal segment o f  a rod is a 
more  general and useful  value and is  
obtained b y  usinq the  l a l u e  o f  52.1 y f o r  
the  length o f  t h e  segments analyzed. T h i c  
value o f  0.01233 per micron  is also s h o w n  
i n  T a b I e  I .  

A n  additional consideration i n  esti-
mat ing  the  maximal  absorption b y  visual 
purple i n  a single rod is the  degreee o f  
orientation o f  the  anisotropic n ~ o l e c u l e s  
( 8 ) .T h e  absorption o f  unpolarizcd light 
b y  a solution o f  randomly oriented aniso- 
tropic molecules bvould b e  loruer t h ~ n  
that  o f  a rod th7t  consi5ted o f  a s e r i e ~  
o f  parallel planes o f  optically oriented 
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