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ELSEVIER 

Macromolecular aggregation of Fl and Pl fractions of RU 41740 
an immunomodulating compound isolated from Klebsiella 

pneumoniae, as revealed by size exclusion high-performance 
liquid chromatography and light scattering detection 

Abstract 

RU 41740 isolated from Klehsiella pr~eunzorzicte possesses high immunomodulating activity. This inm~unomodulat- 
ing agent has been described as composed of two glycoprotein Fl and PI fractions. Some characteristics of native 
RU 41740 and Fl and Pl fractions were investigated using size exclusion high-pcrformancc liquid chromatography 
and light scattering detection. Particle size distribution and apparent molecular mass data suggest that RU 41740 is a 
macromolecular aggregate of numerous Fl and PI subunits. Findings suggest an cffcct of orally administered RU 
41740 on the function of Peycr’s patch cells. 
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1. Introduction 

RU 41740 (trade name Biostim) is a glycopro- 
tein complex isolated from Klebsiella przeunzoniae 

strain 0, K, (Laboratoires Cassenne, Roussel- 
UCLAF, France). Treatment of this compound 
with cetyltrimethylammonium chloride leads to 
the production of two subunits Fl and PI. The 
soluble glycoprotein Fl fraction of 350 kDa con- 
tains only neutral sugars, while the precipitating 
glycoprotein Pl fraction of 95 kDa contains glu- 
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curonic acid units (Griscelli et al., 19X2; Kol ct 
al., 1987). 

RU 41740 is an immunomodulating compound 
with a broad spectrum of activity and is clinically 
used for the trcatmcnt of chronic bronchitis and 
recurrent pulmonary infections (Viallat et al., 
1983; Anthoine et al., 1985; Bonde et al., 1986). It 
is now well known that RU 41740 has a marked 
ability to increase phagocytosis and cell-mediated 
and humoral immune responses of animals and 
humans (Nielsen and Bonde, l’s%; Viland and 
Biomgren, 1987). Treatments with RU 41740 are 
administered orally, therefore, its activity, medi- 
ated by a local effect on the gut-associated lym- 
phoid tissue. is an important question. 

037X-5173/Y4/$07.00 C” 1904 Elsevicr Science B.V. All rights resend 

SSDI 037X-5 173(93)EO333-L 



The literature now contains substantial evi- 
dcncc that the uptake of microparticulate matc- 

rial and macromolecules takes place by cndocytic 
mechanisms. at the M-cells of Peyer’s patches 
(Kobert and Owen. 1977: Pappo et al., 1091 ). 
This observation is of particular interest considcr- 

ing that Peyer’s patches arc secondary lymphoid 
organs which arc believed to dctivcr antigenic 
information from the luminal content to the un- 
derlying lymphocytes and initiating immune rc- 
sponscs (Butcher et at.. 1982). Recently. using 
oral absorption of potystyrcnc nanospheres in the 
rat. it has been demonstrated that their transloca- 
tion and subsequent concentration in the lym- 
phatic tissues of the reticulocndothcli~tl system 
are clearly functions of size: I pm polystyrene 
microspheres were the largest which wcrc taken 
up by Peyer’s patches and subsequently found in 

the lymph nodes and other internal organes (liver 
and spleen), white smaller (SO nm size diamctcr) 
microsphercs can be taken up not only by Peycr’s 
patches but also by cntcrocytes in the villous part 
of the gastrointestinal tract (Jani ct al., lW?a,b). 

Consequcntty, this study focuses primarily on 
the molecular size of KU 41740 in its pharmaceu- 
tical form under physiological conditions. In the 
present report some characteristics of the gtyco- 
protein complex KU 11740 have been investi- 
gated using size exclusion high-pcrformancc lici- 
uid chromatography and dynamic light scattering 
for detection. which arc suitable techniques in 
estimating the particle size of macromolecules 
and their degree of aggregation. The results sug- 
gcst that the immunomodulating agent RU 31740 
is a macromotecular aggregate of numerous Fl 
and PI subunits. 

2. Materials and methods 

Specimens used in this study. RU 41740 and 
the corresponding Fl and PI fractions were sup- 

plied by Laboratoires Cassennc. Osny. France. Fl 
and PI fractions used for experiments came from 
the same batch of RU 31740. 

The Pharmacia Fast Protein L*iquid Chro- 
matography (FPLC) system was used. Prepackcd 
Supcrosc’rM 12 and 6 columns wci-c equilibrated 
and cluted with 0.05 M sodium phosphate buffet 
pH 7. 0.1 M NaCI. Degassed cluant was pumped 
at a rate of 0.25 and 0.5 ml/min, respcctivcly. 
Specimen solutions were prepared by dissolving 
10 mg/mt of lyophilized powder in 0.05 M sodium 
phosphate buffer pH 7. 0. I M Na(‘l and stirred 
overnight at room temperature. Samples of 0.11 ml 
wcrc applied to the columns and 0.5 ml fraction\ 
were collected. Elution profiles were detected at 
3X0 nm. L/i) (void volume of the column) i\ chti- 
mated using thyroglobulin (669 kDa) for Super- 

ace”” I2 and a rat liver mitochondrial fraction for 
Supclose rM 6. C’,. the total volume of the column. 
is cstimatcd using vitamin Bl7 ( I..7 kDa). MPH 

buffer, a non-aggregating buffer solution. VV:(~ 
composed of 18 mM Hepes. 7 mM imidaLolc. I 
mM EDTA (sodium \alt). 3 mM sodium aLiclc. 
200 mM sodium acetate and 0.5 mM non-ionic 
surfactant octaethylcnc glycol mono-N-ciodccyl 
ether: Sigma). Results arc shown from single es- 
perimcnt and were rcpresentativc of several scpa- 
rate experiments. 

The Oros Instruments Model X0 I Molecular 
Size Detector coupled to the liquid chromatogra- 
phy system was used. This equipment is based on 
the quasi-elastic principle. also being referred to 
as dynamic light scattering. Injections WCI-c made 
in phosphate buffer system at conccntration~ 
ranging from 5 to IO mg/ml. The specimens 
reconstituted in buffer (as >tbovc) from frccLc- 
dried material or eluatc from liquid chromatogra- 
phy system arc held in a cell (7 ~1) and itlumi- 
nated by ;I focused laser beam every IO s. ‘l‘hc 
total volume of sample required is at least 40 ~1 
to ensure that the cell and liquid line arc com- 
pletely flushed with fresh solution. Scattered pho- 
tons ai-e collcctcd and transmitted to ;I photomu- 
tiplicr tube detector. The time scale of the scat- 
tcring light intensity fluctuation is analyscd h!, 
autocorrelation (Nicoli et al.. lW3). The detector 
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is calibrated with a 5 mg/ml BSA in 0.1 M PBS 
solution, filtered 0.1 pm (R,,, 3.7 nm; molecular 
mass, 68 kDa). 

3. Results 

The chromatographic patterns of RU 41740 on 
SuperoseTM 12 is presented in Fig. 1. Chromatog- 

raphy on SuperoseTM12 resolves RU 41740, ac- 
cording to the elution profile at 280 nm, into two 
peaks corresponding to a major, apparently het- 
erogeneous, high molecular mass fraction and a 
low molecular mass fraction: peak I, usually in 
the range V,/V,, 0.8-1.6; peak II, V,/V, 2.2-2.4. 
It is noteworthy that further chromatography of 
peak I under the same conditions shows an elu- 
tion profile in two fractions similar to that ob- 
tained with native RU 41740. Fractionation on 
SuperoseTM12 of Fl and Pl fractions (from RU 
41740) under the same conditions resolves Fl as 
a single peak (Fig. 2A) in the void volume range 
of the column (i.e., > 300 kDa). By contrast, Pl 
shows a complex profile suggesting aggregation of 
this fraction (Fig. 2s). 

The formation of macromolecular aggregates 
of Fl and Pl fractions was further examined 
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Fig. 1. Typical chromatographic pattern (A,,,, nm) of RU 

41740 (2 mg) on Superosc TM 12. Chromatography was carried 

out as described in section 2. V,,. void volume of the column 

estimated using thyroglobulin (669 kDa); V,, total volume of 

the column estimated using vitamin B12 (I.3 kDa). 
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Fig. 2. Typical chromatographic patterns of (A) Fl fraction (2 

mg) and (B) PI fraction (I mg) from RU 41740 on 

SuperoseTM I?. 

using chromatography on Superose’“6 in differ- 
ent buffer systems, phosphate buffer and MPB. 
We chose MPB buffer, which causes no aggrega- 
tion of protein upon dissolution (Magiera and 
Krull, 1992). Attempts to fractionate peak I from 
SuperoseTM 12 RU 41740 chromatography were 
unsuccessful with the two system buffers. Thus, 
chromatography on SuperoseTM6 resolves RU 
41740 into two peaks corresponding to the high 
molecular mass fraction in the void volume of the 
column (V,/I/;, 0.9-1.3, i.e., > 5 X lo-’ kDa) and 
low molecular mass fraction (V,/I/;, 2.6-3.1) (Fig. 
3). On the basis of these chromatographic data, a 
macromolecular aggregate of Fl and Pl fractions 



from RU 41740 is probably present in lyophilized 
powder before dilution by chromatographic clu- 
tion. The degree of aggregation remains impor- 
tant in spite of partial dissociation due to chro- 
matography on Super&’ ” 12 and (1. 

Several rcccnt studies have reported expres- 
sion of membrane alkaline phosphatase activity 
on activated B cells, associated with cell progres- 
sion to diff~r~nti~ti~n and ~(~lls~qu~nt IgM syn- 
thesis (Burg and Feldhush, Ic)XY Feldbush and 
Lafrcnz, 199 I ). We have previously demonstrated 
that incubating mouse spleen cells with RU 41740 
results in ccl1 proliferation and expression of high 
Icvcls of alkaline phosphatase activity. This cffcct 
was dose ~icp~n~ient and hence alkaline phrts- 

phatasc appears to bc a marker of I3 lymphocyte 
activation by KU 41740 (Nimier ct al.. unpub- 
lishcd data). It is noteworthy that the PI fraction 
used alone was inactive compared to the response 
given by RU 31740 or the I:1 fraction. The tlu- 
atcs ~(~rr~sponding tct peaks I and II from chrct- 
matography of RU 4 I740 on Super-osc ’ ” I3 (Fig. 
I) were desalted by rcpcated dialysis using dis- 
tilled water and lyophilizcd. WC have obscrvcd 
expression of alkaline phosphatasc activity by 
murine I3 lymphocytes exposed trt the two peaks 
but peak I alone was as active as RU 11730. 
These results strengthen the chromatogruphic 
data suggesting aggregatcx 01‘ Fl and PI for both 

Fig. 3. Typical chromatogqhic pattern of RU 11710 (2 mp) 

on Supcrtrse ‘r”h. Elution with MPB or phosphate buffer. 

Table I 

RlJ 417.10 

clircct injection 

FF’LC 

Fraction Pl 

the two peaks obtained by size exclusion chro- 
matography. Different degrees of aggregation or 
modifications of macromolecular organization 
during the fractionation procedure can explain 
the fact that peak II activity is weaker than that 
of the entire extract. 

The extent of aggregation of Rli -!I740 corn- 
ponents was examined by size exclusion high-pcr- 
formance liquid chromatography with low-angfc 
light scattering detection. The hydrodynamic ra- 
dius of the pure Fl and PI solutions was n~a- 
surcd by direct injection into thi: molecular sire 
detector; ;t spccimcn of KU -!I710 was not ustd 

due to sample viscosity. Light scattering of the 
high molecular mass fraction clutcd in the \clici 
volume of Supcrosc ’ “6 chromntcl~raphq M as 
mcasurcd for KU 31740. I:1 and PI: the low 
mtAecular mass fraction from Supt‘rosu’ ‘lit chrct- 
matography was not used because 01 sample limi- 
tations for this study. The particle Gc distribu- 
tion (nm) and molecular mass-range ( MDa) I-C- 
suits arc listed in Table I for RIJ 31730. and E‘I 
and PI fractions. From these data. the hypothciis 
rtf ;I t tli-~~-~(~nlp(~Il~nt reacting system can hc 
proposed; aggrcgrttion of PI itself 8ntl intcr:tction 
betwecn aggregates of FI and Pi fractions. It was 
found that the molecular size of the complcxcs. 
with large-scale distribution, varied on elution 



from Superose TM6 Dilution by chromatography . 
decreases the interaction forces between the 
components and significant dissociation of the 
complexes was observed. Therefore, RU 41740 
appeared as a macromolecular aggregate of Fl 
and PI fractions in the lyophilized powder before 

dilution. 

4. Discussion 

Taken together, the chromatographic and light 
scattering data led to the conclusion that the 
immunomodulating agent RU 41740 may be a 
macromolecular aggregate of the two major frac- 

tions Fl and Pl. 
At this stage, a few remarks concerning the 

association process between Fl and Pl may be 

suitable. One might expect that both kinds of 
protein-polysaccharide molecules should contain 
many reactive sites and thus form large polymeric 
aggregates. So, previous studies have shown that 
certain glycosaminoglycans bearing glucuronic 
acid units like Pl fraction of RU 41740 bind 
electrostatically to soluble collagen under physio- 
logical conditions. In the interaction between col- 
lagen and dermatan sulfate, the polysaccharide 
chain could bind several collagen molecules which 
in turn can bind several dermatan sulfate 
molecules (Gbrink and Sundelof, 1973). Recently, 
using chromatographic procedures and light scat- 
tering, the formation of aggregates of alkaline 
phosphatase (Magiera and Krull, 1992) and the 
interaction between acid glycosaminoglycans and 
proteins in normal human plasma (Calatroni et 
al.. 1992) have also been demonstrated. 

As revealed by chromatographic results from 
other batches, the degree of aggregation in RU 
41740 remained constant, probably being present 
in lyophilized powders before partial dissociation 
by chromatographic dilution or intestinal trans- 
port (Heyman et al., 1987). Particle size deter- 
mines selective localisation in Peyer’s patches. It 
has been assumed that the M-cells of Peyer’s 
patches are involved in the absorption of SSG, a 
P-glycan immuno-adjuvant, since SSG has a char- 
acteristic high molecular mass (> 5 x 10’ kDa) 
compared with other P-glycans which arc ineffcc- 

tive via the oral route (Hashimoto et al., 1991). 
On the other hand, the average molecular mass 
of mytilan. a bioglycan immunomodulator iso- 
lated from mussel (Crenomytifus grayanus ), was 
estimated to be 3 X 10’ kDa (Ovodova et al., 
1992). Our present findings suggest a pathway for 
specifically targeting RU 41740 to M-ceils for 
delivery to mucosal lymphoid tissue. 
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