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Summary. — The UVT-absorbance of the lysed human leukocyte 
ultrafiltrate (LLU) was investigated by Sephadex G-15 gel perme­
ation chromatography before and after affinity chromatography 
on immobilized m-aminophenyl boronic acid. This biospecific 
fractionation caused substantial changes in 260/280-nm absorbance 
ratio of individual peaks as revealed by Sephadex G-15 gel perme­
ation chromatography. While the material which had passed 
through the affinity support unretarded (W) appeared to be partly 
or completely deprived of peak IV, peaks IV and V were fairly 
enriched in the retarded material (R). This material, on the other 
hand, nearly completely missed peaks III, VI and VII. Peak III 
was copiously represented in material W. Boronate affinity chroma­
tography caused enrichment in the protein content as well as in 
the content of purine/pyrimidine-bound ribose of material R, i.e. 
cis-diol group containing (RNA-like) material, considered to re­
present functional transfer factor activity. The described findings 
further support the use of immobilized derivatives of boronic acid 
in the separation of coplanar cis-diol group containing compounds 
from other constituents of LLU.
Key words: boronate affinity chromatography: human leukocyte ultra­
filtrate: human transfer factor; purification; gel preparation chromato­
graphy

Introduction
The restorative and augmenting activity on cell-mediated arm of the 

immune response of transfer factor (TF), a low molecular weight (<10 000) 
antigen-specific moiety among many other substances present in lysed leuko­
cyte dialysates (LLD) or LLU is widely accepted (Kirkpatrick et al., 1983). 
Its unique properties are appreciated in the treatment of e.g. severe viral 
infections in individuals with immunodeficiences of cellular type. Therefore, 
understanding of the nature and mechanism of action of TF advances both 
immunological (Lawrence and Borkowsky, 1983) and biochemical studies
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(Burger et al., 1983; Wilson et al., 1983). Along these approaches emerges the 
concept of the unique chemical structure of TF possessing a polypeptide com­
ponent with a free carboxy terminus and a phosphodiester linkage to a moiety 
with a free 3’ hydroxyl. Additional constraints suggest the inclusion of Vh 
region or a low-molecular fragment of helper T-lymphocyte antigen receptor 
in the TF structure. As for all these studies, the analysis of physico-chemical 
and biological properties of the crude or partly purified LLD or LLU can only 
be of limited value, in the last few years many attempts (Goust et al., 1976; 
Dunnick and Bach, 1977; Krohn et al., 1977; Wilson et al., 1977; Burger et al., 
1979, 1983; Paddock et al., 1983; Mayer et al., 1983, 1983a; Petersen et al., 
1983) have been made to purify this immunoactive molecular species to such 
degree that it should be suitable not only for more precise biological but also 
for structural studies or, at least for investigations on its chemical composition.

Chromatograms of LLD or LLU have been reported by many authors (Baram 
and Mosko, 1962; Baram et al., 1966; Arala-Chaves et al., 1967; Gottlieb et al., 
1973; Neidhart et al., 1973; Zuckerman et al., 1974; Reymond and Grob, 1975; 
Goust et al., 1976; Dunnick and Bach, 1977; Krohn et al., 1977; Wilson et al., 
1977; Uotila et al., 1978; Schroder and Rovenský, 1982; Mayer et al., 1982, 
1983) but the results cannot be compared satisfactorily, since different methods 
of LLD/LLU preparation and different techniques of chromatography have 
been applied.

Biospecific chromatography on immobilized derivatives of boronic acid has 
succesfully been used in isolation and purification of low molecular weight 
compounds with coplanar cis-diol groups (Weith et al., 1970; McCutchan and 
Gilham, 1973; Hageman and Kuehn, 1977; Goitain and Parsons, 1978; Anna- 
malai et al., 1979; Olsson, 1979). Boronate derivatives on various solid supports 
(Weith et al., 1970; Gehrke et al., 1978; Ackerman et al., 1979) have been used 
in a number of experiments, however, in only two of them (Burger et al., 1983; 
Paddock et al., 1983) were deliberately applied for purification and investiga­
tion of the basic properties of TF.

In this paper we report the effect of boronic affinity chromatography on the 
260/280-nm absorbance ratio of individual peaks from Sephadex G-15 gel 
permeation chromatography of LLU as well as on the ratios between individual 
peaks of this material. Kav values (see Materials and Methods), as well as 
content of both polypeptides and purine/pyrimidine-bound ribose of individual 
peaks before and after affinity chromatography are discussed.

Materials and Methods
Preparation of LLU. Human LLU was derived from a pool of 20 citrated buffy coats obtained 

from the Blood Transfusion Service (City of Bratislava — Public Health Institute) as follows: 
blood of normal healthy volunteers was centrifuged (Janetzki К 26.4 X 500 ml, 4 °C) at 2000 rev / 
/min for 40 min and the leukocyte-rich fraction was harvested. After further centrifugation of 
this fraction at 2000 rev/min for 20 min, the leukocytes were disrupted by 10 times freezing 
( — 70 °C, dry ice/ethanol-bath) and thawing (37 °C, water-bath). The lysate adjusted with pyro- s 
gen-free distilled water (1 ml corresponded to ox 107 disrupted cells) was then centrifuged at 
18,000 g for 20 min and the supernatant ultrafiltred through an Amicon PM 10 membrane using 
a pressure of 3.5 X 101,325 Pa at 4 °C. The ultrafiltrate concentrated by lyophilization for the use 
in further experiments was stored at — 18 °C immediately after freeze-drying or after 48 hr at
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Table 1. Kav-values, 2<»0/280-nin absorbance ratios (Y), 
protein and piirine/pyrimidine-boiind ribose contents of individual tractions 

from a representative fractionation of LLU, W and R materials on Sephadex G-15

Fraction
number

Kav Y Protein content 
(/ig/lmg)

Purine /pyrimidi - 
ne-bound ribose 
cont. (/ig/1 mg)

LLU
1 0.103 1.992 31.0 0.0

и 0.336 4.566 32.5 36.0
m 0.594 5.885 30.5 1.0
IV 0.801 2.043 *ND ND
V 1.034 2.389 ND ND

VI 1.370 2.760 ND ND
VII 1.602 5.797 ND ND

VIII 1.938 0.360 ND ND
IX ND ND ND ND

W
II 0.362 3.202 37.0 21.0

III 0.620 3.924 36.0 0.0
IV 0.827 1.210 ND ND
V 1.034 1.746 ND ND

VI 1.395 2.270 ND ND
VII 1.628 5.007 ND ND

VIII 1.990 0.381 ND ND
IX 2.430 2.320 ND ND

R
I 0.103 0.807 300.0 26.0

11 0.439 0.599 192.0 100.0
III 0.594 0.707 104.0 16.0
IV 0.827 2.425 ND ND
V 1.085 3.617 ND ND

VI 1.421 ND ND ND
VII 1.654 1.500 ND ND

VIII 2.016 ND ND ND
IX 2.430 3.931 ND ND

* not determined because of the low yield of lyophilized materials

room temperature. In the lyophilized ultrafiltrates no significant differences were found concern­
ing either their absorbance profiles at 260 and 280 nm on Sephadex G-15 gel permeation chromato­
graphy or the similar ratios between their individual peaks.

Gel permeation chromatography. In a representative run 300 mg of lyophilized LLU were dis­
solved in 3 ml of 0.01 mol/l NH4HCO3 (pH 7.8) and applied to a 1.44 x 90 cm column of Sephadex 
G-15 (Pharmacia, Uppsala). 0.01 mol/1 ammonium-bicarbonate buffer was used for descending 
elution at a flow rate of 12.0 cm/hr; 2.3-ml fractions were collected. Column effluent was moni­
tored by reading the absorbance at 260 and 280 nm. All fractionation procedures were conducted 
at 4 °C. Cpncentration of the effluent was achieved by lyophilization. Void volume (V0) of the 
column used was estimated with Blue Dextran (Pharmacia, Uppsala) and the Kav values for 
different fractions were calculated according to the formula:

Ve - V0
Kav = ŤŤ-------rf (Ve, elution volume of a given fraction; Vt, total volume of the packed bed).

Vt V о
Boronate affinity chromatography. Spherical polyacrylamide beads (wet mesh size: 100 — 200; 

diameter of hydrated beads: 80—150 jam) with immobilized m-aminophenyl boronic acid (100
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liji- 1.
Representative chromatography of LLU ,W and R materials (parts I, II and III, respectively) 
on a 1.44 x 90 cm Sephadex G-15 column
Eluent: 0.01 mol/1 ammonium-bicarbonate buffer pH 7.8; flowrate: 12.0 cm/hr; 2.3 ml aliquots 
were collected and monitored at 200 nm (I, II and III, in the left) and at 280 nm (la, Ilaand 
Ilia, in the right).
Abscissa: fraction number; ordinate: absorbance. The effluent was pooled as marked by hori­
zontal bars (I —IX).
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Fifl. 2.
Relation of the load applied to the boron- 
ate affinity chromatography support 
(column: 1.05x9.50 cm) to the amount 
of specifically bound cis-diol functionality 

containing material
Abscissa: amounts (mg) of lyophilized 
LLU applied to the affinity support; or­
dinate: amounts of specifically bound cis- 
diol group containing material [expressed 
as the weight (mg) of area under the 
peak specifically released from the affinity 
support by the change of the pH of the 
eluent].

/гmoles/ml of the settled gel) (Pierce. Rockford, IL U.S.A.) were poured into a 1.05x9.50 cm 
column (V0 = 8.25 ml) as a 50% aqueous slurry containing 0.1 mol/1 NaCl and 0.05% NaN3. 
The gel was washed with 50 ml of 0.1 mol 1 ammonium-acetate buffer pH 5.2 and then with a vol 
of 0.1, mol 1 ammonium-acetate buffer pH 8.45 at a flow rate of 20.0 cm/hr until the pH of the 
effluent reached 8.45 as well (approx. 10 volumes of the packed bed). At this point different vol. 
(3 — 20 ml) of 10% (W/V) sample solution in 0.1 mol/1 ammonium-acetate buffer pH 8.45 were 
applied to the column to test the relation of the load to the amount of specifically bound coplanar 
cis-diol group containing material. After the sample had soaked into the gel, the unretarded 
material was washed through the column with 0.1 mol 1 ammonium-acetate buffer pH 8.45 at 
a flow rate of 20 cm/hr until the A254 nm of the effluent dropped below 0.05. At this time the elu­
tion solvent was changed for 0.1 mol/1 mmonium-acetate buffer pH 5.2 and the elution was con­
tinued until the second UV-absorbing peak appeared in the effluent. All chromatographic steps 
were carried out at 4 °C. Fractions of both, unretarded and specifically bound material were 
pooled according to A254 nm, lvophilized and used for gel filtration experiments on Sephadex 
G-15.

Determination of protein and purine pyrimidine-bound ribose content. The amounts of protein 
and purine/pyrimidine-bound ribose of LLU and those of peaks LLU, W and R from Sephadex 
G-15 chromatography were estimated by the procedure of Lowry et at. (1951) and Mejbaum 
(1939), respectively. Bovine serum albumin and D-ribose were used as standards for construction 
of the calibration curves.

Results

Fractionation of LLU, W and R on Sephadex G-15
Repeated fractionation of crude LLU materials studied on a single 1.44x 

X 90 cm column of Sephadex G-15, using 0.01 mol/1 ammonium-bicarbonate 
pH 7.8 as eluent, gave the same elution pattern. The column effluent was pooled 
into nine fractions (1—IX) according to the absorbance at 260 and 280 nm. 
Representative chromatograms obtained from gel filtration of 300 mg of lyo­
philized LLU, W and R are shown in Fig. 1, parts I, II and III, respectively.

The Kav values, 260/280-absorbance ratios (Y), protein and purine/pyrimi­
dine-bound ribose contents of individual peaks (pooled fractions) from repre­
sentative fractionations of LLU, W and R materials on Sephadex G-15 are 
given in Table 1. The first four fractions (I—IV) had a Kav value of <1.0,
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Fifl. 3.
Representative boronate affinity chroma­

tography of LLU
600 mg of lyophilized LLU were applied 
to a 1.05 x 9.50 cm column of immobilized 
m-aminophenyl boronic acid in 6 ml of 
0.1 mol/1 ammonium-acetate buffer pH 
8.45 at a flow rate of 20.0 cm/hr. Eluents: 
0.1 mol/1 ammonium-acetate buffer pH 
8.45 for washing out the unretarded 
material and 0.1 mol/1 ammonium-acetate 
buffer pH 5.2 for releasing the specifically 
bound coplanar cis-diol group containing 
material; 2.3 ml fractions were collected 
and monitored at 254 nm.
Abscissa: fraction number; ordinate: ab­
sorbance. The effluent was pooled as 
marked by horizontal bars (W and R, 
respectively).

while the five subsequent ones adsorbed to the gel matrix and thus had a Kav 
value of <1.0. Fraction V eluted just behind the Vt having a Kav value of 1.03.

Boronate affinity chromatography.
Before starting the boronate affinity chromatography, we tested the relation 

of column load to the amount of specifically bound material. As shown in Fig. 
2, the amount of the specifically bound cis-diol group containing material 
(expressed in terms of the area under the peak specifically eluted from the 
affinity support) only slightly increased when the load exceeded about 600 mg 
of lyophilized LLU. A representative boronate affinity chromatography of 
LLU is shown in Fig. 3. After several runs of biospecific chromatography of 
LLU (a total of about 2200 mg of lyophilized material) on immobilized m-ami­
nophenyl boronic acid, the unretarded material (W) as well as the specifically 
bound cis-diol group containing one (R) were pooled, lyophilized and subjected 
to gel permeation chromatography on Sephadex G-15 column, the conditions 
of chromatography being the same as for the starting LLU (Fig. 1, part II and 
III, respectively).

It is evident that the material contained in peak IV is in W nearly totally 
absent. Peaks IV and V are, on the other hand, fairly enriched in R. Con­
sequently, it can be assumed that the bulk of molecular species in these frac­
tions is coplanar cis-diol group-containing (e.g. RNA-like) material. The 
material R was nearly completely devoid of peak III and peaks behind the V- 
from Sephadex G-15 column, however, the ninth peak poorly or even unde- 
tectabjy present in either W or LLU, was markedly enhanced in this material 
(at about 2V-). Peak III was generously represented in W.

Discussion
Table 2 gives a comparison of several basic procedures used in purification 

attempt of crude LLU/LLD. As far as the number of peaks is concerned, our
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Table 2. Comparison of basic purification procedures of human leukocyte lysates 
used by various investigators

Mode of 
preparation

Type of chroma­
tography

Buffer system Number 
of peaks 
(pools)

References

F-T, C, U Seph. G-10 dist. H20 9 Karhumäki and 
Krohn (1983)

S, C, D DEAE-cell. po4 3 Baram and Mosko 
(1962)

F-T, C Seph. G-200
Seph. G-25

po4 3-
-10

Baram et al. (1966)

S, D Seph. G-25 H20 or 
CH3COONH4

2 Arala-Chaves et al. 
(1967)

F-T, D Seph G-25 PO, 6 Neidhart et al. (1973)
F-T, D Seph. G-25 nh4hco, 11 Zuckerman et al.

(1974)
F-T, D Seph. G-10 nh4hco3 3 Gottlieb et al. (1973)
F-T, D Seph. G-25

Bio-Gel P-4
NH4HCO, 6-

-2
Wilson et al. (1977)

F-T, U Seph. G-25
Seph. G-10

NH4HCOj 5 —
— 8

Reymond and Grob 
(1975)

S, F-T, C, D Bio-Gel P-10 dist. H20 7 Goust et al. (1976)
F-T, C, D Seph. G-25 P04 NaGl 7 Schroder and

Rovenský (1982)
C, D Seph. G-15 — li Marescot et al. (1979)
F-T, U Seph. G-15 nh4hco, 9 This communication

Abbreviations used in the Table: F-T: freeze-thawing
C: centrifugation 
U: ultrafiltration 
D: dialysis 
S: sonication

results resemble those of Karhumäki and Krohn (1983) and Reymond and 
Grob (1975). In the former case 9 peaks, in the latter 8 ones were reported. 
Concerning chromatographic media for TF purification, Sephadex G-15 only 
has been used up to now (Marescot et al., 1979). Although the number of pooled 
fractions as well as their chemical characteristics obtained by these authors 
differ from ours, Sephadex G-15 — with respect to the complexity of the puri­
fied material (Lawrence and Borkowsky, 1983) as well as to the good mechanical 
parameters of the gel — still remains the medium of choice. As far as the 
260/280-nm absorbance ratio (Y) of individual peaks of LLU is concerned (Ta­
ble 1), boronate affinity chromatography caused substantial changes in their 
values. Of particular interest is that the Y was enhanced in the IVth and Vth 
fractions from material R and slightly in fraction VIII of material W only 
(by 18.69%, 51.40%, and 5.83%, respectively). This phenomenon is thought 
to be connected either with the enrichment of 260 nm-absorbing material or 
with decrease of the material absorbing at 280 nm, or, at the same time, with the 
both of these changes in the fractions in question. On the other hand, nearly
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sixty per cent decrease in Y of fraction I, and more than an 8(5 per cent decrease 
in Y of fraction I, and more than an 86 per cent decrease in Y of fractions II 
and 111 of R material has been found. This finding is well consistent with 
a general increase in polypeptide content of these fractions. More moderate 
(34.6% in average) changes have been observed with fractions II, III and IV 
of W (Table 1). Peaks IV and V of R (Fig. 1, part III) are, at the same time 
(according to the specificity of the affinity support), assumed to be enriched in 
cis-diol group containing (e.g. RNA-like) material.

Orcinol test was nearly exclusively negative in fractions I and III of LLU 
and in those of W, and only weakly positive in fraction II of LLU and in that 
of W, as well as in fractions I and III of R. A strong increase in orcinol-reactive 
material content was observed in the second fraction of R material. There was 
a general increase in the polypeptide content of the first three fractions of R. 
Our results (concerning LLU) are comparable with those obtained by Reymond 
and Grob (1975), Marescot et al. (1979) and Mayer et al. (1982), although the 
separation media of gel permeation chromatography and/or the way of pooling 
of chromatographic fractions were completely different. Till now, however, 
there have not been any data in the literature dealing with the protein or 
purine/pyrimidine bound ribose content of biospecifically purified LLU (i.e. 
W and Ŕ).

Goust et at. (1976) have reported that the bulk (75—90%) of RNA-like 
material as well as the biologically most active components of chromatogra- 
phically separated crude LLD on Bio-Gel P-10 (exclusion limit: 20 000 Da) 
eluted shortly after the void volume. Similar results were obtained by Reymond 
and Grob (1975), Gallin and Kirkpatrick (1974) and Arala-Chaves et al. (1974), 
all using Sephadex G-25, but contradicting ones by Neidhart et al. (1973), 
Wilson et al. (1977), Baram et al. (1966), Krohn et al. (1977), LoBuglio et al. 
(1973) and Burger et al. (1979).

Even if our present findings do not deal with any of the biological activities 
contained in LLU/LLD or in its biospecifically separated subfractions, they 
seem to be in good agreement with the results reported by Burger et al. (1983). 
These authors succeeded in 6 experiments in binding TF activity to immobilized 
m-aminophenyl boronic acid having thus confirmed the presence of a cis-diol 
(ribose) functionality in TF. This technique may provide a useful preparative 
tool for separating cis-diol group containing compounds from other constituents 
of LLU or its chromatographically purified subfractions. Studies on this topic 
are in progress.
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