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Abstract. The hydrophobic properties of mammalian transcobalamin IIs (TC II) were studied
by chromatography of radioactive cyanocobalamin (CN[*’Co]Cbl)-labeled serum on phenyl-
Sepharose CL-4B. Mammalian holo TC IIs (CN[*’Co)Cbl-TC II) exhibited species variability
in their affinity for the hydrophobic matrix in the order: dog > mouse > human > rat > rabbit.
Phenyl-Sepharose chromatography of the isolated CN[*?Co]Cbl-TC II peaks from gel filtration
of dog and rat serum showed no hydrophobic change in dog TC II, but an increase in hydro-
phobicity of rat TC II. Phenyl-Sepharose chromatography of CN[*’Co]Cbl-labeled rabbit serum
(holo TC II) and the unlabeled serum (apo TC II) showed apo TC II to be more hydrophobic
than holo TC II as has been shown for human TC II (Begley et al., Biochem Biophys Res
Commun 103:434-441, 1981). Thus mammalian holo TC IIs differ in their hydrophobic prop-
erties and apo TC II, in man and rabbit, is more hydrophobic than holo TC Il. In addition,
isolation of the TC II in some animal sera by gel filtration may result in a TC II that is more

hydrophobic than the native molecule.

Human and other mammalian sera con-
tain vitamin B, (cobalamin, Cbl) binding
proteins which circulate bound to endoge-
nous Cbl (holo binder) and can be detected
by assay of that bound Cbl (1). These binders
also circulate free of Cbl (apo binder) and can
be detected by their ability to bind Cbl in vitro
(2, 3). Human serum contains three Cbl bind-
ing proteins as detected by gel filtration: trans-
cobalamin O (TC O), R-type binder, and
transcobalamin II (TC II). Their function and
physiochemical properties have been thor-
oughly reviewed (4). In most mammals, TC
I1, that is, a Cbl binding protein with a mo-
lecular radius similar to human TC I, is the
major Cbl binder (2). Unlike human serum,
in which only approximately 30% of the en-
dogenous Cbl is bound to TC II, other mam-
mals have the majority of their endogenous
Cbl bound to TC II (1).

We have shown previously that human TC
II is more hydrophobic than the other Cbl
binders (5). In addition, human apo TC II
shows greater hydrophobic properties than
holo TC II. In the present study we report
that other mammalian TC IIs exhibit a spe-
cies difference in their TC II hydrophobicities
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and that the apo and holo form of TC II within
a species are hydrophobically distinct.
Materials and Methods. Phenyl-Sepharose
CL-4B was purchased from Sigma Chemical
Company and stored at 4°C. Radioactive cy-
anocobalamin (CN[*’Co]Cbl) was obtained
from the Radiochemical Center, Amersham,
England and diluted with nonradioactive CN-
Cbl (Sigma Chemical Company) and stored
at 4°C. All CN[*’Co]Cbl solutions were as-
sayed for content and purity by bioassay (6)
and column chromatography (7). Animal sera
were obtained from healthy laboratory ani-
mals housed at this facility. Gel filtration on
Sephadex G-200 (Pharmacia Fine Chemicals)
was performed as described (8). In vitro
CN[*’Co]Cbl binding ability was determined
by the albumin-coated charcoal method (9).
Phenyl-Sepharose CL-4B was packed by
gravity at 4°C to a height of 12 cm in 0.9
X 16.7-cm glass columns and equilibrated
with 10 column volumes of 50 mM sodium
phosphate buffer (NaPO,), pH 7.4, containing
150 mM sodium chloride (NaCl). Serum (0.5
ml) was mixed with an amount of
CN[*’Co]Cbl sufficient to saturate Cbl bind-
ers. An equal vol of 100 mAM NaPQ, buffer,
pH 7.4, containing 300 mA/ NaCl was added
and the samples incubated for 30 min at 37°C
followed by an additional 30 min at 4°C. The
sample was then applied to the phenyl-Se-
pharose column and washed with the follow-
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FIG. 1. Phenyl-Sepharose hydrophobic chromatogra-
phy of rat (A), rabbit (B), mouse (C), dog (D), and human
(E) serum labeled with CN[*’Co]Cbl. Columns where in-
dicated were eluted with: I. 50 mM sodium phosphate,
pH 7.4, containing 150 mM sodium chloride, II. 50%
glycerol in buffer I, I1I. Glass distilled water, IV. 50% v/
v absolute ethanol and water. Each fraction was assayed
for ’Co (—) and protein (- - -). Vertical arrows in-
dicate change of buffer.

ing sequence: (a) 50 mM NaPO,, pH 7.4, con-
taining 150 mM NaCl, (b) 50% glycerol in 50
mM NaPO,, pH 7.4, 150 mM NaCl, (c) glass
distilled water, and (d) 50% (v/v) absolute
ethanol in glass distilled water (ETOH/H,0).
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Two milliliter fractions were collected and as-
sayed for ’Co and protein (absorbance at 280
nm). Where indicated, individual or pools of
fractions were assayed for CN[*’Co]Cbl bind-
ing ability (9) and endogenous Cbl (6).
Results. Figure 1 and Table I show the frac-
tionation of CN[*’Co]Cbl-labeled rat, rabbit,
mouse, dog, and human serum by phenyl-
Sepharose columns. With rat, rabbit, and hu-
man serum (Fig. 1A, B, and E) the majority
of ¥’Co eluted with 50 mM NaPO, buffer, pH
7.4, containing 150 mM NaCl. With rat and
rabbit serum, neither of the major
CN[*’Co]Cbl peaks (fractions 17 and 10, re-
spectively) coeluted with the major protein
(fraction 6). For human serum, 31% of the
radioactivity eluted with the main protein
peak. Analysis of this peak by gel filtration on
Sephadex G-200 showed it to consist of R-
binder (80%), TC II (13%), and TC O binder
(7%). The remainder of the radioactivity from
the phenyl-Sepharose column eluted with the
NaPO, buffer in a broad area (fractions 9-
40), the tailing area being rapidly eluted by
50% glycerol in NaPQ, buffer (fractions 45-
60). On smaller columns of phenyl-Sepharose
(5) human holo TC II eluted with 50% glyc-
erol as a sharp peak. This was due to the high
affinity human TC II has for the matrix in
the phosphate buffer with subsequent facili-
tation of elution by the glycerol buffer. The
ratio of buffer to bed volume of phenyl-Se-
pharose in the present study was increased
twofold in order to completely elute the rat
TC II-B,,. Six percent of the radioactive
CN[*’Co]Cbl-labeled mouse serum (Fig. 1C)
eluted with NaPQO, buffer, half of which
formed a peak of radioactivity coinciding with
the main protein peak. Sixty-two percent and
32% eluted with 50% glycerol and H,O, re-
spectively. The latter peak may represent fa-
cilitated elution of the tailing edge of the glyc-
erol area. Dog serum (Fig. 1D) showed a
binder of Cbl with the greatest hydrophobic-
ity, 73% of the radioactivity eluting with
ETOH/H,0. The total protein in this area
was not analyzed. Gel filtration of the radio-
activity in the ETOH/H,O eluate resulted in
a single peak in the general vicinity of R-type
binder (data not shown). Analysis of dog
serum by gel filtration showed only minor ra-
dioactivity in this area (4%). The ETOH/H,O-
eluted >’"Co may represent aggregates of dog
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TABLE 1. PERCENTAGE DISTRIBUTION OF CN[*’Co]Cbl IN ELUATES FROM
PHENYL-SEPHAROSE HYDROPHOBIC CHROMATOGRAPHY

Species PBS (I)¢ Glycerol (11)? H,0 (IlI)° ETOH/H,0 (IV)¢ % Recovery
Rat* 93 7 —_ — 98
Rabbit® 95 5 — —_ 100
Mouse* 6 62 32 — 82
Dog* 13 7 7 73 91
Human® 74 26 —_ — 98
Dog TC IIY 3 2 2 93 75
Rat TC IIY 33 66 1 0 92

250 mM NaPQ,, pH 7.4, containing 150 mA NaCl.

5 50% glycerol (by volume, final concentration) in NaPO, buffer (50 mA), pH 7.4, containing 150 mM NaCl

¢ Glass distilled water.
450% (v/v) absolute ethanol in glass distilled water.

¢ CN[*’Co]Cbl-labeled serum. Data obtained from one serum sample from each species.
{ CN[*"Co]Cbl-TC II from gel filtration of the above respective serum.

TC II. Analysis of the G-200 isolated dog
CN[*’Co]Cbl-TC II peak by phenyl-Sephar-
ose chromatography again showed binding
and elution with ETOH/H,0 (Table I).

Figure 2 is a composite plot of 0.5 ml rabbit
serum (10.5 ng Cbl binding ability) labeled
with CN[>’Co]Cbl and the same serum with-
out a label. Fractions (0.5 ml) of the latter
were analyzed for CN[*’Co]Cbl binding abil-
ity to detect apo TC II. Ninety-eight percent
of the applied holo TC II (CN[*’"Co]Cbl-TC
II) eluted with NaPOQ, buffer, only 9% of the
CN[*’Co]Cbl binding ability (apo TC II) was
detected in these fractions. Analysis of the
pooled and concentrated fractions from the
apo TC II column showed a CN[*’Co]Cbl
binding ability of 0.4 ng with a total Cbl by
bioassay of 15.6 ng (endogenous holo TC II).
This data indicates that like human TC II (5),
rabbit apo TC II is more hydrophobic than
the holo form of the protein.

Figure 3 and Table I show the hydrophobic
interaction of dog and rat CN[>’Co]Cbl-TC
II that had been isolated by gel filtration.
Ninety-three percent of the dog TC II radio-
activity eluted with the ETOH/H,O (Fig. 3A),
similar to the pattern obtained with whole dog
serum (Fig. 1D). The gel-filtration isolated rat
CN[*’Co]Cbl-TC II (Fig 3B) did not interact
as it did in whole serum (Fig. 1A). No radio-
active peak was detected at fraction 17 and
only 33% was eluted with the phosphate buffer.
Glycerol eluted 66% of the radioactivity which
appeared to represent facilitated elution of the
potentially broad buffer peak if the buffer had
been continued. It appears that the isolated

rat CN[>’Co]Cbl-TC II from gel filtration ex-
hibited a greater interaction with the hydro-
phobic matrix than the same TC II in whole
serum.

Discussion. The major Cbl binders in the
sera of the present study have a mol wt of
between 37,000 and 42,000 (2) and all are

Apo TCI (ng CN| *'Co] Cbi binding abilty /fraction - -- - -

Holo TCTI( ng CN[ *'Co] Cbl / fraction) —

HA
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FIG. 2. Hydrophobic chromatography of rabbit holo
and apo TC II. Aliquots (0.5 ml) of serum with (—)
and without (- — -) the addition of CN[*’Co]Cbl were
chromatographed separately using 50 mM sodium phos-
phate buffer, pH 7.4, containing 150 mM sodium chlo-
ride. Fractions from the CN[*’Co]Cbl-labeled sample were
assayed for radioactivity (holo TC II). Aliquots (0.5 ml)
of the fractions from the unlabeled sample were assayed
for CN[*’Co]Cbl binding ability (apo TC II) using albu-
min-coated charcoal (9).
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FiG. 3. Phenyl-Sepharose chromatography of the
CN[*’Co]Cbl-TC II peak from gel filtration of dog (A)
and rat (B) serum. Gel-filtration peaks were concentrated
to 6 ml and dialyzed overnight against 50 mM sodium
phosphate buffer, pH 7.4, containing 150 mA/ sodium
chloride. Aliquots (3 ml) of each was applied to the col-
umns and eluted as in Fig. 1.

presumably functionally related to human TC
II since they all facilitate the uptake of Cbl in
cell culture in a species-specific manner (10).
In addition, antibody to human TC II will
cross react either completely or partially with
these animal TC IIs (10). The present studies
show that mammalian TC IIs exhibit marked
species variability in their affinity for a hy-
drophobic matrix in the order: dog > mouse
> human > rat > rabbit. Most proteins con-
tain hydrophobic areas composed of regions
of nonpolar amino acids in both the interior
and exterior parts of the molecule (11). These
hydrophobic regions are thought to be a con-
tributing factor in the formation and stabili-
zation of a protein’s secondary structure (12).
The difference in affinity of mammalian holo
TC IIs is most likely an expression of species
variability in the number and size of these
hydrophobic regions as well as their accessi-
bility to the particular solvent.

On binding Cbl, human TC II exhibits a
decreased interaction with phenyl-Sepharose
(5). The present study shows that this phe-
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nomenon is not only a characteristic of hu-
man TC II. Rabbit holo and apo TC II also
interact differently toward the hydrophobic
matrix (Fig. 2), apo TC II being more hydro-
phobic than holo TC 1I. Hippe has shown that
human TC II, on binding Cbl, exhibits a de-
crease in the Stokes radius which they attrib-
uted to a conformational change resulting in
a more compact structure (13). Our results
with human (5) and rabbit (Fig. 2) TC II in-
dicate that on binding Cbl, TC II changes in
conformation such that less surface area, in-
cluding hydrophobic regions, are accessible to
solvent. As a result, holo TC II is less hydro-
phobic than apo TC II.

The hydrophobic interactions which a par-
ticular species’ TC II exhibits may be influ-
enced by its immediate environment. Dog
holo TC II showed no detectable difference
in hydrophobicity whether it was from the
unfractionated serum or post gel filtration. Rat
holo TC II isolated by gel filtration, however,
showed a marked increase in affinity for the
hydrophobic matrix (Fig. 3B) as opposed to
TC II in serum. The significance of this ob-
servation needs to be explored further.

Preliminary studies reported by Kapadia et
al. (14) may have some bearing on the present
observations. They show that Quso, a micro-
fine silica powder, did not adsorb the TC I
from rabbit, rat, guinea pig, and monkey
serum, but did from dog and human serum.
When their isolated TC II fractions from gel
filtration were exposed to Quso, all of the spe-
cies’ TC II adsorbed. The authors hypothe-
sized the presence of a plasma factor(s) which
prevented the TC II in plasma from adsorbing
to Quso, but which was removed by gel fil-
tration. Quso was originally used to adsorb
out the TC II from human serum (15), al-
though the mechanism was not known. In
unpublished studies we have shown that hu-
man holo TC II adsorbed by Quso is more
easily eluted with substances that disrupt hy-
drophobic bonds: Triton X-100 > glycerol
> 1 M NaCl > buffered saline. We therefore
concluded that at least part of the mechanism
of TC II adsorbtion to Quso is by hydrophobic
interaction. Human and dog TC II were the
most hydrophobic mammalian TC IIs of the
present study, and Kapadia et al. (14) ob-
served that these did adsorb to Quso from
plasma. However, rabbit and rat TC II, which
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are less hydrophobic by the present study, did
not. Isolated rat TC II obtained by gel filtra-
tion was more hydrophobic than when in
serum, and it did bind to Quso (11). More
detailed studies are needed to clarify this re-
lationship.

Further studies are necessary in order to
ascertain the role hydrophobicity plays in the
binding, uptake, and intracellular catabolism
of TC II, as well as on the fate of newly syn-
thesized TC II in animal species. In addition,
the use of silica (15) and nitrocellulose (16)
in the isolation and identification of nonhu-
man TC II should be carefully evaluated.
These substances can bind proteins via hy-
drophobic interactions (17) and may not react
with the less hydrophobic forms of TC II.
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