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bow with prealbumin mobility( 15), so that 
the sum of the amount of alpha-l-lipoprotein 
and lipo-prealbumin remains constant. The 
complex of alpha- I -lipoprotein and radio- 
thyroxine or radio-triiodothyronine on auto- 
radiograph may therefore show some varia- 
bility as a function of storing and possibly. 
by chemically induced splitting by addition of 
the labelled hormone. Also the lipoprotein 
with alpha-2-mobility seems to have a some- 
what variable position depending on amount 
of lipo- and normal serum proteins ( 15 ) . Thus 
on the basis of immuno-electrophoretical trac- 
ings within the lipoprotein system and our 
investigation of binding properties, the con- 
fusing results which have been obtained con- 
cerning thyroxine binding proteins in human 
serum are understandable. The reason some 
workers have found a very high thyroxine 
binding capacity to the tryptophan rich pre- 
albumin of Schultze ( 16) ,  is being investi- 
gated, as our antisera have a very low titer 
against this protein. 

Summary. Immuno-electrophoresis of nor- 
mal human serum incubated with radio- 
thyroxin and radio-triiodothyronine combined 
with auto-radiography and special staining 
for lipoproteins with Oil red 0 showed that 
the albumin (identical with lipalbumin). 
alpha-l-lipoprotein and alpha-2-lipoprotein 

have the capacity to bind thyroxin and tri- 
iodo thyronine. 
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Effect of Pseudomonns on Lactate Production by Mouse Monocytes.* 
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Dept. of Bactwiology, University of California, Los Angeles 

Recent data obtained in this laboratory in- 
dicate that succinoxidase activity of cells ob- 
tained from mouse peritoneal exudates, as well 
as of homogenates of liver and spleen, was in- 
hibited in presence of heat-killed Pseudo- 
moms aeruginosa ( 1 ). However, since me- 
tabolism oif mouse monocytes appears to) be 
mainly glycolytic, this study was undertaken 
~ * This investigation was supported by research 
grant from Nat. Inst. of Allergy and Infect. Ilis.. 
U.S.P.H.S. 

to determine in what way, if any, P.  aerugi- 
nosti might affect lactate production by these 
cells. 

Method.  IVarm mineral oil (0.5 ml/mouse) 
was used to induce exudates in 10 week old 
female mice (Webster strain), 18 hours before 
harvesting of cells from peritoneal cavities 
with chilled 0.9 o/o sodium chloride containing 
0.1% heparin. Pooled monocytes were 
washed once with saline by centrifuging for 
10 minutes a t  500 x G. In  experiments with 
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infected monocytl:s, washed Pseudomonas 
( lo*) were administered intraperitoaeally one 
hour before autops y. Extracellular organisms 
were killed by iricorporating polymyxin B 
(500 units/ml) in heparinized saline. Where 
indicated, exudate!; were obtained from mice 
immunized with siispension of dead Pseudo- 
monas as previously reported( 1 ) .  Most ex- 
periments employcd intact cells, but where 
disrupted cells were required, homolgenates of 
equivalent numbers of cells were prepared by 
sonication for 15 minutes in 9 KC Raytheon 
sonic oscillator. Counts with a Spencer he- 
macytometer indicated that 1 ml contained 
approximately 5 x los packed cells. All gly- 
colysis experiments were run aerobically in 
heparinized phosphate buffer (01.1 M )  , pH 
7.4, for 90 minutw. Lactic acid was deter- 
mined by method of Barker and Summerson 
( 2 )  and reported as amount/ml obtained from 
20 pmoles of sugarj2 ml of a 5 x lo7 cell sus- 
pension. Manomctric experiments were run 
in conventional ma nner (3 ) . Liver and spleen 
homogenates were prepared by homogenizing 
tissues in phosphate buffer, pH 7.4, for 60 sec- 
onds in Waring blendor. 

Results. A survey of monocyte glycolysis, 
using lactate prodliction as indicatolr, showed 
that only glucose and fructose were metabo- 
lized (Table I ) .  Glucosamine, glucuronate, 
glucona te, me thy1 glucose, galactose, ma1 tose, 
sucrose, fructose c iphosphate, lactate, ribose, 
sorbose, 1-xylose, mannose, arabinose, d-xy- 
lose, 1-fucme, galacturonate, starch, dextrin, 
salicin, chondroitin sulfate, trehalose, raf- 
finose, cellobiose, melezitose, melibiose, 1- 
rhamnose, ascorbate, and glycogen were not 
utilized. 

Since permeabil ty may be a factor in pre- 
venting some sugars from being converted to 
lactate, monocyte!; were disrupted by sonic 
methods, and sullstrates related to glucose 

TABJiE I. liactic 1,cicl Productiori by Slonoc*ytc.s 
from Normal :ind Iinninnized Mice. 

pg lactate/ml 
Substrate N” I* 

-(Endogenous) 160 158 
Glucose 690 690 
Fructose 680 685 
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TABLE 11. Lactic Acid Protiuctjon by Infected” 
~111tl No~l-Illfected Cells. 

pg l:Lctate/ml 
Non-infected Infected” Substrate 

-(Endogenous) 71 150 
Glucose 850 605 
Net lac ta  te  179 455 

* Living Ps~udo?,aonws inj. intraper. into niiec 90 
niiii. prior to cell harvest. 

were tested with cell-free extracts. Neverthe- 
less, substrates such as methyl glucose, glu- 
cosamine, glucuronate, galactose, maltose, and 
galacturonate were either not metabolized or 
were converted to substances other than lac- 
tate. Lactate production from glucose and 
fructose was not adversely affected by sonic 
treatment of the monocytes since cell-free 
preparations yielded 6010 pg of lactate per 
ml with either sugar. This value compares 
well with 690 pg/ml obtained with intact cells. 
I t  should be pointed out that lactate produc- 
tion from glucose and fructose was almolst al- 
ways identical. 

Measurements of lactate production with 
infected and non-infected monocytes indi- 
cated greater acid production by infected cells. 
The results are seen in Table 11. Infected 
cells yielded a t  least twice as much lactate as 
did uninfected cells whether supplemented 
with glucose or not. Net lactate production 
from glucose was 455 pg/ml folr infected cells 
‘us. 179 pg/ml for uninfected cells. Manomet- 
ric studies suggested that the lactate produced 
with infected monocytes was solely monocytic 
in origin, since no intracellular microbial oxi- 
dation of either glucose or gluconate could be 
demonstrated. This assumption was sup- 
ported by the fact that no net oxygen con- 
sumption could be noted using uninfected 
monocytes supplemented with glucose or glu- 
conate. 

Since previous experiments indicated that 
the succinoxidase activity oif monocytes was 
susceptible to inhibition by bacteria and bac- 
terial fractions, several different preparations 
of P.  aeruginosa were added to monocytes to 
determine their effect on glycolysis. Heat- 
killed Pseudoinonas, cell-free sonic extracts, 
and particles obtained by centrifuging sonic 
extracts of Psczidowzonas were added to unin- 
fected monocvtes in vitvo. Examination of 

* Monocvtes f ron riorinal (AT) and iriiinuiiized 
\ ,  

(I) mice. 



’I’able I I 1  indicates that 2 . 5  inq S nil of c ~ i c  li 

microhial preparation had no i n  hihi tor>- d- 
fect on lactate production by monocj-tes. Si- 
in i 1 a r re s u 1 t s we re ( )11 t a i n e rl i v h  e n n, i c r ( 1 i  : t 1 
extracts were added to either spleen or liver 
homogenates. 

Disc-ussion. The data indicate that mouse 
nionocytes exhibit a highly selective suhstrate 
specificity. Such substrates as methyl glu- 
cose. glucosamine, and maltose are closely re- 
lated to glucose and yet were not metabolized 
to lactate. Permeability apparently is not a 
factor in substrate specificity. Tt has been e7- 
tablished that p0lvmorl7honuclear leukocjrtei 
store sugars in the form of glycogen and that 
lactate product ion 11 r oceed s e 11 d oFen o u sl J. 

from this substance (4 )  . However, when ql>-- 
cogen was added as substrate to nionocq-tes. no 
lactate was detected. Previous immunization 
of donor mice with Psez~duinoizas did not affec t 
lactic acid production by monocytes. 

Kuii and Miller ( 5 )  iniected Salmonella en- 

cytes when phagocytosis of polystyrene par- 
ticles M’BS allowed to proceed iu nitro in pres- 
ence of seruni. However, in our in. vitro 
studies when Iiacteria were added to mono- 
cytes in absence of seruni no change in lactic 
iic i d prod uc t ion occurred . 

Since similar studies had indicated that the 
buccinoxidase activity of monocytes and of 
s1)leen and liver homogenates was inhibited hy 
small concentrations of both intact and dis- 
rupted Psoudouionns, it was interesting to note 
that these preparations had no effect on lac- 
tate production. The  results suggest that gly- 
c-oljrsis is more refractory to microbial inhibi- 
tion tliar? is succinosiclase activity. 

Mouse monwytes, induced by 
intraperitoneal injection of mineral oil, pro- 
duced lactate from only glucose and fructose. 
So net lactate production was noted from 29 
other sugars. I n  zGvo infecticn of monocytes 
resulted in a t  least a 2-fold increase in lactate 
I)roduction. However, no effect was noted 
when either heat-killed Escudoinonas n c ~ u g i -  
rzosn or sonic fractions thereof were added to 
monocytes in vitro. No significant differences 
in lactate production were noted between cells 
01) t ained f roni immunized and non-immunized 
a n i m als . 
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