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Partition chromatography of glucagon and secretin on Sephadex

Of the methods emploved for the purification of polyvpeptides, partition
chromatography on Sephadex or other supports has the potential to be among the
most convenient, rapid, and efficient. The method was introduced for use with poly-
peptides by Yamassro! and by ScuMmipT-KASTNER2, YAMASHIRO ¢f al.3, provided
an excellent example of the power of the technique by showing that it could be applied
to the separation of the diastereomers oxytocin and [1-hemi-D-cystine]-oxytocin.
For this separation, the method was shown to be as effective as counter-current
distributiomn..

We have adapted Yamasmiro's procedures to routine application in the separa-
tiom and purification of a number of matural and synthetic polypeptides, and we
wish to report here the development of solvent systems suitable for the partition
chromatography of glucagon and secretin, two moderate-sized polypeptide hormones?.
A brief discussion of the factors that afttect the Rp values of these polypeptides is also
presemted.

Excpewdmembanl

Solvents. n-Butanol was distilled through a 30-cm Vigreux column over 2-amino-
z-methyl-1,3-propanediol (3—~6 g per 5.2 I of A.R. n-butanol). From 5.2 1, a forerun
of 500 ml was discarded and the next 4 I were collected for use. A.R. acetic acid and
A.R. benzeme were purified by distillation through a 30-cm Vigreux column. A.R.
absolute ethamol was wsed without further purification. Deionized water was em-
ploved throuwgloumt.

Preparation of solvemt swstems. The appropriate amount of each component
solvent was deaerated at the water aspirator for 10~15 min. The solvents were then
combimed im a separatory funnel and thoroughly shaken. A pH meter was used and
the pH of the lower phase was adjusted to the desired level by the addition of small
amounts of acetic acid or ammoniuwm hydroxide to the combined system. After
equilibratimg for several hours, the wpper and lower phases were ready for use.

Sephadex. Sephadex G-z5 (Pharmacia, Piscataway, N.J.) was sieved and the
100~200-mesh fraction was prepared as described by YAMASHIRO ¢f al.?.

Hormomes. Crystalline glucagon was obtained from Schwarz-Mann (Van Nuys,
Calif.). The secretin was a gemerous gift from Professor Viktor MuTtT, Karolinska
Institutet, Stockholm, Swedemn.

Columms. For the anmalytical runs, a T X 49 cm glass column (column I), with
a teflon meedle valve at the column exit for flow-rate control, was used. This column
was filled with Sephadex to a height of approximately 37 cm. For larger scale work,
a 2.2 3 70 cm colummn (colwmmn I1) filled with Sephadex to a height of approximately
63 cm was used. The columns were packed and prepared for use as described by
Y AMASHIRO ¢t al..

Chromatographic method. Each chromatographic run was carried out in a cycle
of five stages at a temperature of 22—-24°. These consisted of stage A, equilibration
of the colummn to the lower (statiomary) phase by passage of about 1.5 bed volumes
through the colummn; stage B, equilibration to the upper (mobile) phase and measure-
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ment -of the hold-up volume, V g (wide imfira) by passage of alouwt ©.235 bed volume of the:
upper phase through the column; stage C, chromatography of the sample by elutiom
with 2 to 3 bed wvolumes of the upper phase; stage 1D, dischange of the two-phase:
system and material mot eluted im stage C by passage of two bed wolumes of tlhe:
appropriate solvent system (vide imfira); stage IE, negemeration of the colummn for re-use
by equilibration with 1.5 bed wolumes of ©.2 N acetic acid. Stage E is wsuwally not
essential if the columm is to e re-used for partitiom chromatograpiy, but is mecessary
if the column is to be used fior gel filtration.

The general solvent used for stage D is a pyridine-o.z N acetic acid (NX:Y)
mixture, where the ratio X:Y (determined by the matume of the solvemt system wsed
in stages A, B, and C) should mot be greater tham 4: 1. The empirical ruole to establish
the ratio X:Y is that no more than four wolumes of tie washing solvemt slhould be:
required to obtain miscibility with ome wolmme of the upper phase of the solvemt
system to be discharged. The less expensive washimg solvemt acetic acid-water (X :Y)
can be employed when the solvent system contaims litthe or mo pyridine (a pyridine
to water ratio of less than 1 to 50 in the solwvent system)®.

The hold-up volume, Iz, for each solvent system durimg $t:mgte]B? was callculated
by subtracting the volume of bed shrimkage during equilibration to the wpper phase
plus the dead volume at the column exit from the measmred wolume of displaced
lower phase (eqn. r). This is the volume of tlhe mobilke phase im the colwmm, amnd its
value was usually about one-fourth of the bed volume.

Vy = volume of displaced lower phase — (volume off bed shrinkage + dead
volume) (1)

For example, the Vg for column I (ce. 26-ml ed volume) was approximately 6.3 mi;
for column II (ca. 240-ml bed volume) the V' z was approximately 6o mil. These values
varied slightly with solvent composition.

‘Glucagon or secretin (1—3 mg for columm I) was applied as a solution im ¢ao. T mml
of the upper phase to which three drops of r N HCI was added in order to imsure
complete solubility, and two r-ml washes werne added. Elution with the upper phase:
was continued and approximately $o ml was eluted through columm I (yoo ml for
column II) in each run. The flow rate was about 4—~7 mi/h for colummn I and abowt
25 mi/h for colummn II. Fractions of ©.435~0.835 ml weme collected firom columm I amd
3.5—~4.0 ml from column IT by use of am automated fractiom collector. The Ry valwes
were determined from eqn. 35 (see Discussiom) after measunement of the appropriate:
elution volumes. Equivalent Ry values werne obtaimned omn botl coluwmmn I and colwomm I1.

Amalysis. Upon completion of each chromatograplhic rum, Formnx-Lowry color
values* were determined on ©.70—0.20 ml fractioms from ewvery other tube. The alb-
sorbance values at 625 nm were determimed. Some tvpical plots of absorbance ws.
tube number are shown in Figs. 1 amd 2. The Ry value was determimed from 17 g,
the elution volume at the peak maximum, amnd from 174, the hold-up volume, by wse:
of eqn. 5 (see Discussion). To recover the secretim or glucygon appropriate fractions
were pooled, twice the volume of deiomized water was added, amd the mistwne was

evaporated to ro—20 ml on a rotary evaporator at 20-30" im racuo. The final solwtion
was then lyophilized.
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Fig. 1. Partition chromatography of glucagon on column I. , Solvent system 14 — —~ ~ —,
solvent system ..
Fig. 2. Partition chromatography of secretin on column I, ———, Solvent system 3d; — — - —,

solvent system 3c.

Discussion
According to DixoN’s treatment?, Rp can be defined as follows:

1
1+ (Vs/Vu) (1/K)

where Vs is the volume of the stationary phase, "y is the hold-up volume (see
Experimental), and K is the distribution coefficient. Rearrangement of eqn. 2 gives

(2)

Vs

_ Vs _Rp
Vu

I—Rp

K (3)

Experiments indicate that on Sephadex G-25 the ratio V' g/Vy is in the range
1.5—2.0 (ref. 3). For the purpose of testing suitable solvent systems in this type of
partition chromatography, K can be estimated as follows:

__concentration of solute in upper phase

~ concentration of solute in lower phase (4)
For our purposes, the Ry was calculated according to
Vu
Rp = A (5)

where Vi is the elution volume of the peak (volume of mobile phase required to move
the substance the length of the column). It has been suggested” that although the Rp
should be kept low, no great advantage is gained by further diminution below 0.3,
since beyond this value there is little improvement in the resolving power. Arbitrary
practical limits of the Rp in the range 0.6—0.13 therefore correspond to distribution
coefficients (K) of approximately 2.6~0.4.

It can be seen from the Ry values of Table I that several solvent systems
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have been developed which fit this range of suitability for both:glucagen and secretin.
Since an Ry value of about 0.3 is considered optimal, the systems @f haice would the
system 4 for glucagon and system 3d for secretin. Figs. T .and 2 show mepresernttative
plots of the chromatograms for a few of the systems examined.

Although the two hormones have remarkably similar :amine «wcid sequenaes
(about half of the amino acids occupy analogous positions.and the charge dlistriiburtion
is quite similar)*.8, they behave quite differentlyiin every solvent system. Forghcagen,
it was possible to adjust the Rp to a suitable value by .altering the polariity «of the
system (which was done by changing the proportion of benzene).. A possible qualitatiive
explanation of this effect on the partition coefficient s that the sdlubility «f glucugom
in the mobile phase relative to the stationary phase is .altered sufficiently iy s
polarity change alone, and that this effect dominates other jpossible effeats sudh ws
pH and absorption. The result is that glucagon has a different wesidence time im tihe
gel, and the changes in elution volume and therefore in Ry can Ibe predicted snmplly
by changes in polarity:.

This simple explanation, however, is not satisfactory ito «explain the behasiior
of secretin which is rapidly eluted (high Ry values) -even with :a welativdly monqpdlar
solvent system such as 3b (Table I). For secretin, it was found megessary to dlecrease
the pH of the system to a slightly acidic value iin order to obtain a reasonable Ry
As seen in Table I (systems 3a—e) secretin showed great sensitivity toward pH dhanges
in the same solvent system, and it was necessary to employ a system whose lower
phase pH was between 4.5 and 4.7 in order to obtain an Zp-value mear©.3.

Apparently there are several subtle solubility :and jpantitioning effedats wihidh
interact simultaneously to determine the elution .characteristics ffor whis pdlypeptidie.
The interdependence of the charged nature of the jpolypeptide iat warious pH wallunes’,
the adsorption properties of the polypeptide on ithe Sephadex gel, and actuall par-
titioning effects between the two phases apparently all affect the dbserved Ky walue.

From these studies it appears that partition chromatography wn Sgphadlex
offers significant promise for continued and expanded wse iin tthe separation wmnd
purification of polypeptides and other natural iproducts!-*. The method provides @
convenient, rapid and practical adjunct, and in some :cases :an :adlternative tio ther
purification procedures such as gel filtration, ion-exchange chromategraphy and
counter-current distribution.
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