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1. Introduction

Speciral and magnetic effects produced by the in-
teraction of horse farnm yoglobin with cationic deter-
‘gents such as 12C” have been described [1,2]. The
type of light-absorpiion spectrum obtained in the visi-
ble region is similar to that observed in the aqueous
systems protonated polybase-FP, alkaline pyridine-FP,
or electrolytes-FP, and has been termed *green com-
plex’ [3,4] . In all these systems, low pmamagnetac
susceptibility vatues have been obtained™ [5,6,2].
Some new spectrophotometric and chromatographic
experimeuts involving the ferrimyoglobin—detergent
system are described below. It appears that the pros-
thetic group separates from ferrimyoglobin under cer-
tain conditions.

2. Materials and methods

. Materizls were obtained from the following sources:
Myoglobin {ferri), from sperm whale, crystallized, salt-
free, lyophilized, from Koch-Light (Colnbrook);
hemin, bovine, twice recirystallized, from Sigma
(St. Louis, Mo.); it was further recrystallized twice;
cytochrome ¢, from Nutritional Biochemicals
{Cleveland, Ohio); laurylpyridininm chloride.
{Dehyquart C), crystallized (94% pure + 6% water),
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from Henkel {Dusseldorf); cetylirimethylammonium
bromide, {21.2% Br), from B.D.H; Sephadex {G-200),
from Pharmacia {(Uppsala); Biogel (P-30), from Bio-
Rad (Richmond, California); glass wool, from Merck
{Darmstadt).

All other chemicals were reagent grade.

Stock solutions of ferrimyoglobin in water angd of
hemin in 0.01 M INaOH were stored in the dark at O—
5°C. Solutions containing myoglobin or hemin and
detergent were prepared with continuous stirring, add-
ing the detergent last. Absorption spectra were mea-
sured at 25 +1°C on a Cary Model 14 recording spec-
trophotometer.

3. Reg ults and discussion

Fig. 1 shows the Soret and other visible-range
bands of sperm whale ferrimyoglobin, both in the ab-
sence and presence of LPC. A similar spectrum is ob-
tained for the system FP—LPC at pH 7.1 (see also ref,
[1] for results at pH 10). The aliphaﬁc detergent
CTAB also produces a ‘green-type’ spectrum at pH ®
with ’fermnywo‘globm (conditions as given for fig. 1)

- except for the appearance of a peak instead of a

shonlder of the band nesr 600 nm. Essentially the
same spectrum is obtained with FP (6.7 X 105 M)
in the presence of CTAB (1.2 X 10-2 M) at pH 10

“{see also ref. [7]). -

~Am | mvestlgahon of the pH dependence of the sys—

tem sperm whale ferrimyoglobin (~ 1 X 1074 M)-

LPC at 25°C showed that at an excess of LPC (mo]m :
ratio of over 200) the “green’ spectrum is produced -

. above pH 5 up: to at least pH 10.5 (Gersonde et al.-

Gersonde et abi 2] explamed the spectral. changes .

ke '.;. whlch oceur in fhe myogloblm—LPC system by polzm

North Holland Publ:s?ztrg Campam Amsz‘erdam



Yolume 34, number 2 FEBS LETTERS ° . Augnrt 1973

,T‘BOF' . - 3

120
s : )
5 £
K = ',E
E 8o E
LN )

40 e

L i
380 400

) z 1. Y D
/450 500 550 80D 850
A{nmd

Fig. 1. Light—absorption specira of ferriprotoporphyrin IX in varions systems {including mymmmm Prosthetic group, 1.0X 10
M 0.02 Masoz:hum phosphate buffer, pH 7.15; temp., 25° fC Curve (D, ferrimyoglobin. Cuve @, F

e1rimy ogiobin in the pressnce
of 7% 107" M LPC. Carve @, FP in the presence of 1% 107 3 M LPC. Water was used as reference solvent.
{2} investigated horse ferrimyoglobin at pH 8.35

clusion of 0.5 M NaCl, the *green complex”’ is already
only, and Niedick [1] at pH 8.2). At a2 molar ratio of produced at pH 7.4 under these conditions (sze also
LPC to ferrinsyogiobin of 50, the *green complex” is

mplex” i -xef. [8]).
compleiely formed above pH ©.5. However, upon in-
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Fig. 2. Ehmon pattern of sperm whale ferrimyoglobin and of the system ielnmyoglabm—LPC on a eolsmn pmksd wwm glass
wool {1.1X 45 cm): ©.0Z M sodinm phosphate buffer, pH 7.16; room temp.; LPC, 7 X 1077 M; myogiobin, 5 X 10~ 5.M; Ay =ab-

sorbance per cm at wavelength A in nm; Agp,.q Tefers to the: respective maxima ai 410 nm for myoglobin and ai 395 nm for the
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fraction eluied with acid. Reference solvents were either Water o1 agueous LPC solutions; o, myog!obm-—m 4 mf, eluted with

buffer—-LPC; », sbove system; elution continued with acelic acid—agnsons BT {50 vol. jpemen‘i D.02 M BCD; 24, my og‘lcbm Wﬁhé
: 0111 LPC 4 ml; welmed with buffer. The ab»oxbanr,e Iatzo Ag: ongge is pmdamlly ihe same @ in the Dngm'a} i'en‘lmy@g.o’bm.
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izaiion effects of the guaternary pyridiniom fons on
the heme nm—electron syster within the detergent mi-
celle. Also, these authors comsidered the accompany-
_ing magnetic effects to result from direct coerdina-
tion of protein ligands 1o the heme ion. These inter-
pretations did not seem very likely to us in view of -
pievious results obtained for the “green complex’, in
which direct interactions between aggregated FP mole-
cules were considered to be the cause for both spec-

-tral and magnetic changes [4—6, 8, 9]. Pirect evidence -

was, therefore, soughi for a possible removal of the
FP from the protein through the action of the deter-
gent, which may lead to interactions beiween FP mol-
ecules in the presence of detergent.

The system myoglobin—LPC at pH 7.1—7.2 was.
passed through a column packed with glass wool. The
optical densities of the eluted fractions were mea-

sured at both 280 nm {protein peak) and in the Sozet

region. The resunits, Hlustrated in fig, 2, indicate that
in the presence of LPC, the first elution band is color-
less and contains only the apomyoglobin. After ex-
haupstive dialysis of this fraction against distilled wa-
ter, the composition of this hydrolyzed fraction was
determined on an amino acid analyzer {Beckman 120-
C) and found to correspond to apomyoglobin. The’
FP is strongly adsorbed on the glass wool, as-can also
be observed visnally. 1t can be elnted by a mixture of
acetic acid—agueous HC {50 vol percent; 0.02 M HCl;
see [10]). FP in 0.02 M sodivm phosphate buffer
{pH 7.2}, in the absence of LPC, is also strongly ad-
sorbed and can be eluted by the same acidic solvent.
cytochrome c—LPC, passed through the column under
the same conditions as the complex myoglobin—1LPC,
retains its original absorption spectrmm upon elution.
This would be expected since the heme is covalenily
bound to the protein in thix case [11}. But even ferr-
‘myoglobin, in the absence of LPC, appears to leave
the column unchanged {fig. 2). It should be noted
that the ehution paitern on the column used depends
on the mode of packing of the glass wool. In separa-
tion experiments on Biogel or Sephadex G-200, the -
main fraction collected showed a considerably larger
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' @bsorbance ratio of proiein to Soret-band maxima’ :

than the original myoglobin—LPC system. It could not
be ascertained in this fraction if the Soret absorption -
was due to unbound {aggregates) or bound FP. How-
ever, the data obtained are in qualitative agreement
with separation of the FP from the pmtem in ﬂne
presence of the detergent. .
It may be concluded that the LPC causes at least -
partial separation of the FP from the apoproiein. In
analogy with spsctrally similar systems described
above, the *green complex” observed may be consti-
tuted of specifically arrayed FP aggregates or FP—
LPC interaction products. A more detailed analysis

of this system at varions concentrations of the inter-

at;tmg species will be pubhshed elsswhere.
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