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The specific iriteraction of inorganic polyphosphates with myosin B has been investigated 
by several different methods. The protein extracted from myofibrils is  found to be almost 
identical to myosin B by means of diethylaminoethylcellulose column chromatography 
and ultracentirifugal analysis. Viscosity measurements and the determination of ortho- 
phosphate liberation indicate that, among the polyphosphates examined, only pyro- 
phosphate can cause changes in the size and shape of myosin B and that tripolyphosphate 
is  effective only after it is  first hydrolyzed by myosin B-tripolyphosphatase. Hexameta- 
phosphate has almost no effect on the viscosity of myosin B solutions. The tripolyphos- 
phatase activity of myosin B i s  recognizable only in the presence of divalent cation and 
at a high ionik strength. The inorganic tripolyphosphatase activity, unlike the myosin B 
adenosine triphosphatase activity, i s  favored in an acid medium. The appearance of a 
fraction more soluble than the original myosin B is  found upon the addition of pyrophos- 
phate to a myosin B solution containing 0.6M potassium chloride and 0 S m M  mag- 
nesium chloride, thus suggesting the dissociation of actomyosin into myosin A and actin. 
The possible role of a specific interaction of inorganic polyphosphate with myosin B in 
improving the binding properties and water-holding capacity of meat i s  discussed. 

ASU et (t i .  (2'7) studied the effects of Y three inorganic polyphosphates on 
the solubility of myosin B (natural 
actomyosin) and on the extractability of 
structural protein from myofibrils in 
various conditions, and have classified 
the effect of inorganic polvphosphates 
into nvo typcc. The first is poly- 
phosphates of comparatively low mo- 
lecular weight. such as pyrophosphate 
(PP) or tripolyphosphatr (TP): which 
react with salt-Cree myosin B as a salt. 
Their affinity to myosin B is greatly 
improved in the presencc of high salt 
concentrations and divadent cations. 
'l'he other type is high]>- polymerized 
lolyphosphates such as hexameta- 
5osphate (HP). in which the ratio of 

1 2 0  to PQ; is very close to 1:l. 
lese bind directly Tvith salt-free myosin 

but their binding is !somewhat in- 
ted by the presence of high salt con- 
ration and divalent cations. 

Muscle is knoivn to contain sufficient 
salt and divalent cations for the muscle 
structural protein to react with organic 
polyphosphates ( 7 ,  .5). Moreover. the 
sausage manufacturing process is al\va);s 
undertaken in the presence of at least 
2yc NaCI. Therefore. polyphosphates 
which belong to the former group may 
play a substantial role in meat processing. 

Helendoorn ( 7  7) investigated the 
Tvater-holding capacity of meat in the 
presence of various polyphosphates and 
SaC1, and found that only PP and T P  in 
combination with SaCl  show an im- 
provement over KaC1 alone. Sherman 
(20) emphasized the positive correlation 
between ion absorption and the water- 
holding capacity of lean pork. He also 
found that commercial polyphosphates 
containing PP had such a strong effect 
that it seemed likely a mechanism dif- 
ferent from that in effect with a common 
neutral salt must be operative. As early 

as 1954. Bendall (3) investigated the 
effect of polyphosphates on the swelling 
of comminuted whale meat, and pre- 
dicted Khat the effective polyphosphates 
should have chcmical structures similar 
to that of ATP-that is, PP and TP. 

Bendall's prediction \vas confirmed by 
the studies of FukazaLva et ai .  (7. 8) on 
experimental sausage made from myo- 
fibrils and on the effects of PP, TP: and 
HP on the phyosicchemical properties 
of structural proteins extracted from 
myofibrils. Kotter (73) stressed in- 
dependently the importance of low 
molecular weight polyphosphates which 
interact specifically with muscle structural 
protrins. The work by Yasui et al .  
(27) on the solubility of muscle structural 
proteins appears to be useful in providing 
for a comprehensive interpretation of the 
effect of inorganic polyphosphates on 
the properties of meat. 

However. since solubility studies tell 
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Figure 1 .  Chromatographic profiles of myosin 6 and the 
protein extracted from myofibrils on diethylaminoethyl- 
cellulose 

(0) myosin B (3.0 mg. per ml.); (b )  0.6M KCI-extracted protein (1 .46  
mg. per ml.); (E) 0.1 M PP-extracted protein (2.44 mg. per ml.); ( d )  0.1 M 
TP-extracted protein (1.04 mg. per ml.); (e) 6% HP-extracted protein 
(2 .83  mg. per ml.). Protein solution, 10 ml., in 0.3M KCI and 2 0 m M  
Tris-HCI (pH 7.4) was applied to a column 2 .2  X 1 8  cm. Elution steps to 
0.6M KCI, 20mM Tris-HCI (pH 7.41 ( A )  and 1.5M KCI, 20mM Tris- 
HCI (pH 8.2) ( B )  were applied a t  the arrows. Flow rate was 100 mi. per 
hr. Five-milliliter fractions were collected. The experiment was carried out 
below 3 '  C. 
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only a little about what is actually oc- 
curing at  the molecular level: more de- 
tailed studies are needed to provide 
further evidence of the specific inter- 
actions between inorganic polyphos- 
phates \ihich belong to group I and 
myosin B. In this report, therefore. thr 
physicochemical changes of myosin B in 
a solution 0 . 6 M  in KCl in the presence 
of inorganic polyphosphates and divalent 
cations are investigated further b!- 
measuring the viscosity and enzymic 
activity of myosin B. The rewlrs 
indicate that the basic function of the 
inorganic polyphosphates affecting- the 
binding properties of meat is to cause' a 
shift to the right of the folloiving equi- 
librium: actomyosineactin + myosin. 

The polyphosphate which plays a 
direct role in this is PP. and '1-P becomes 
effective only after its terminal phosphate 
is split by myosin B-tripolyphosphatase 
(TPase). O n  the other hand, H P  may 
nor be effective unless it is degraded to 
PP through spontaneous reversion in 

solution or by decomposition by some 
mechanism such as enzymatic reaction in 
meat. 

Materials and Methods 

XIyosin B and myofibrils \\;ere pre- 
pared by the methods reported previously 
(27) .  Extractions of proteins from 
myofibrils by various solvents (0.6M 
KC1. 0.1.V PP. 0 . l M  TP.  and 6.353 
HP) \rere performed at  pH 6.4 (50 
m.ZI phosphate buffer) and 3' C . :  
vi th  gentle stirring-. 'l'he myofibrillar 
proteins extracted \vere precipitated a t  
ionic strength 0.1 and redissolved in 
0 . 6 M  KCI. For HP-extracted myo- 
fibrillar proteins, dilution was made 
until precipitation took place, since an 
exact molecular Lveight and valency for 
this salt has not yet been ascertained. 
The protein solutions \rere then dialyzed 
exhaustively against 0 .3M KC1 solution 
(for chromatographic analysis) or O.6M 
KC1 solution(for ultracentrifugal anal- 

Volume of Eluate (ml.) 

)-<is) a t  io C. and pH -.1 (20mM tris- 
HCI buffer). 

Partially purified pyrophosphatase 
(PPase) \vas obtained from rabbit 
skeletal muscle by the method developed 
in the authors' laboratory. A Ivater 
extract of rabbit muscle \\'as dialyzed for 
24 hours a t  3' C. against neutralized 
\vater in Lvhich 5m.W hfgC12 \vas 
present. and the insoluble precipitates 
were removed by centrifugation for 20 
minutes a t  9000 r.p.in. From the 
supernatant fluid. the fraction which 
precipitated over the range of 43 - 657, 
saturation of ammonium sulfate was 
collected. The PPa3e thus prepared 
\vas activated only by magnesium 
and was quite heat stable; its optimun 
pH value \vas 7.3. 

."io Kielly-Meyerhof adenosinetriphr 
phatase (ATPase) (72) \vas present in tl 
fraction and stability of this enzyme 
pended on the presence of magnesil 
PP and 'TP were hydrolyzed by 
e n z p e .  but HP \vas lirtle affected. 
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Column Chromatography. Diethyl- 
aminoethylcellulose(DEAE-cellulose) 
was prepared by the method of Peterson 
and Sober (79). The ch.romatography 
of myofibrillar proteins on DEAE- 
cellulose was carried out: in general, as 
reported by Takahashi et al. (22). 
A myofibrillar protein solution was 
equilibrated by dialysis against 0 .3M 
KCI and 20mM Trilj-HCI buffer 
(pH 7.4). and then run into a column 
(2.3 X 18 cm.) of IIEAE-cellulose 
equilibrated against the same buffer. 
After the unabsorbed fraction had 
passed through the column, a stepwise 
ascending gradient from O.6M KC1 and 
20milf Tris-HC1 (pH 7.4) to 1.5M 
KC1 and 20mM Tris-HC1 (pH 8.2) 
\vas applicd. The ultraviolet absorption 
at  280 mk and the ATPase activity of the 
effluents were measured. 

Ultracentrifugal Analysis. The ultra- 
centrifugal sedimentation pattern was 
determined with a Spinco Model E 
ultracentrifuge at 16.5' ( 2 .  and 56.100 
r.p.m. 

Viscosity Change. After removal of 
gross aggregates by centrifugation for 20 
minutes a t  13>000 r.p.m. and 0' C., the 
viscosity of a O . 6 M  KC1 inyosin B solu- 
tion (protein concentration. - 5.0 mg. 
per ml.) was estimated by a viscometer of 
the Ostwald type at  21' C. and pH 7.0 
(20mM Tris-maleate buffer) in the 
presence of I m M  MgC1,. From the 
measured values, the reduced viscosity 
could be obtained by .the following 
formula : 

\There C = protein concentration. 
Enzymatic Activity. Hydrolysis of 

various polyphosphates by myosin B 
was measured in a reaction mixture 
where 0.6 or O.06.W :KCI, 20mM 
buffer (Tris-maleate-NaOH was used as 
a buffer in the pH ranges of 5.5 to 7.5) 
and modifiers (1 or 2mil4 MgC1,. or 
2m.V CaCI2) were present. Final con- 
centrations of polyphosphates in the 
mixture were 1 or 2miM for ATP, 
1 or 2mM for PP and l P ,  and 0.065 
or 0.137, for HP. Protein concentrations 
in the reaction mixturc were ap- 
proximately 0.5 mg. per ml. The 
temperature of incubation was 21' C. 
;2t measured intervals of time, 2-ml. 
samples were withdrawn and pipetted 
into 2 ml. of 16y0 trichloroacetic acid. 
'The polyphosphatase activity in the 
reaction mixture was determined by 
measuring the liberated orthophosphate 
iccording to the method of Martin and 
)oty (74). Since the polyphosphate 
,questering agents tend to hydrolyze to 
thosphosphate in aqueous solution 
eversion), data of polyphosphatase 

stivity shown in this paper were cor- 
x t e d  by subtracting vahes of spon- 
aneous orthophosphate liberation in the 

:eaction mixture without myosin B. 

Protein concentration was determined 
by the same method as described 
previously (27). The reagents were also 
the same (27). Adenosine triphosphate 
(ATP) was purchased from Sigma 
Chemical Co. 

Results and Discussion 

Fukazawa et a l .  (8) reported that the 
main protein component extracted from 
myofibrils by XaCl-\.Veber-Edsall solu- 
tion is myosin B. In this work, chro- 
matographic profiles as well as ultra- 
centrifugal patterns of proteins extracted 
from myofibrils by solutions of KCl! 
PP. TP. and H P  \vere compared with 
those of myosin B. Figure 1 illustrates 
the elution pattern from a column of 
myosin B and various extracts from myo- 
fibrils (0 .6M KC1 extract, 0.1M PP- 
extract, 0 . l M  TP-extract, and 6.370 
HP-extract) . Under these experimental 
conditions, all the chromatographic 
profiles are nearly identical, thus indicat- 
ing that the proteins are qualitatively the 

I- * 5.0g - 

same. The enzymatic characteristics of 
all but the last peak in each chromato- 
graphic pattern were examined by 
determining the rate of inactivation of 
ATPase activity in the presence of 
CaC12. ATPase activity in all peaks 
examined belonged more or less to a 
myosin B, but not to a myosin A (25, 26). 

In the ultracentrifugal patterns of the 
same protein preparations, a peak of 
myosin -4 and a preceding heavy com- 
ponent were clearly observed. The re- 
sults agreed well with those of Fukazawa 
ef al .  ( 8 )  and of the DEAE-column chro- 
matography described above. 

Viscosity. Figure 2 illustrates the 
time course of viscosity change which 
occurs when I m M  P P  or TP.  or 
0.06370 H P  were present in a 0.6M 
KCl solution of myosin B containing 
1mM MgCll a t  p H  7.0 (Figure 2a) .  
as well as that of orthosphosphate 
liberation accompanying the above 
change (Figure 26) .  As controls, dis- 
tilled water and ATP ( ImM).  whose 
interaction mechanism has been estab- 
lished (5, 76: 77. 27, 24), Jvere used in 
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Figure 2. Time course of changes in viscosity (a) of myosin 
B, and in orthophosphate accumulation in the medium (b)  

Myosin B, 5 mg. per  ml., was incubated in 0.6M KCI, 1mM MgCI?' 
and 2OmM buffer a t  21'  C. [total volume, 4 ml.). At the first arrow ( A )  
from the left, 0 .4  ml. of distilled water [dotted line in (a)] ,  l O m M  ATP 
(01, l O m M  PP (X ) ,  l O m M  TP (A), and 0.6% HP (0) were added to the 
reaction mixture. At the second arrow ( E ) ,  1.2 ml. of  PPase (10 mg. per 
ml.) in 0.6M KCI-1 2mM MgCI? solution were added to the PP-myosin 
B system 
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place of the various phosphates. As is 
generally known (76, 27), the addition 
of ATP to a O.6M KC1 solution of 
myosin B remarkably decreased the 
viscosity of the solution due to ATP- 
induced conformational changes of myo- 
sin B. However, a t  the same time, the 
added ATP is hydrolyzed to ADP by the 
myosin B-ATPase. Since the resulting 
product, ADP, does not exhibit the 
specific functions of .4TP (77), the 
viscosity of the myosin B will revert to a 
level close to the original after a certain 
period of reaction time (Figure 2). 

PP causes (9, 75) a conformational 
change of myosin B in 0.6M KC1 
solution without being hydrolyzed by 
myosin B. Therefore, a reversal of the 
viscosity change of myosin B once 
lowered by PP cannot be observed unless 
the PP is hydrolyzed by the addition of 
PPase (Figure 2) .  Fukazawa et  01. 
(8) reported that myosin B extracted 
from myofibrils showed a response to 
PP, but not to T P  or HP. 

In this report, as shown in Figure 2a. 
the viscosity of myosin B is decreased 
slightly by both TP and H P  in the 
presence of a sufficient concentration of 
myosin B ( -  5 mg. per ml.);  the de- 
crease in viscosity is greater in the case of 
the TP .  These results, however, may be 
due to contamination of the T P  or H P  
with PP rather than from a direct inter- 
action between myosin B and these 
polyphosphates, for the amounts of 
orthophosphate in these polyphosphates 
are in the order of T P  > HP > PP. 

As has been already reported (2. F ) ?  
myosin -4 in 0.5 or O . 6 M  KC1 is an 
inorganic tripolyphosphatase(TPase) in 
the presence of CaCls as well as an 
ATPase, though the TPase activity is far 
weaker than the -4TPase activity. and 
the pH dependence of the TPase activity 
is entirely different from that of the 
ATPase activity. In Figures 3 and 4. 
TPase activity of myosin B is compared 
with its  -4TPase activity of myosin B. 
The TPase activity of myosin B occurs 
only in O.6M KCl solution \vith MgClr 
and CaC12, but not in the absence of 
divalent metal and at  l o ~ v  salt concentra- 
tion (O.06M KC1). Moreover. the pH- 
dependence curve of TPase activity 
differs completely from that of ATPase 
activity, showing activation on the acid 
side. [For details, see Azuma et  al .  
(2) and Friess and Morales ( 6 ) . ]  The 
results are in good agreement with those 
on the TPase activity of myosin .A. and 
particularly the latter part is of 
importance when the actual pH value 
in meat is considered. The fact that 
myosin B-'TPase is revealed only in 
O.6M KC1 solution with divalent cations 
appears to be related to the fact reported 
by Yasui et d. (27) that the affinity of 
PP or T P  for myosin B is increased 
drastically in the presence of a sufficient 
amount of univalent and divalent cations. 
I t  suggests that the increase in the 
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ATPase and TPase activity of myosin B Figure 3. 

0, ATPase activity, 0.6M KCI, 20mM Tris-maleate buffer (pH 7.0), 
1 mM ATP. 2mM CaClz, and a t  21 'C. 
A, TPase activity, conditions were the same as ATPase activity except 1mM 
TP and 2 m M  MgCIz were used in place o f  ATP and CaCh 

X, TPase activity, conditions were the same as ATPase activity except 
1 mM TP was used in place o f  ATP 

0, TPase activity o f  myosin B in 0.6M KCI without divalent metal ions and 
of myosin B in 0.06M KCI either with or without 2 m M  MgCk or CaC12 

The Concentration of myosin B was 0.7 mg. per ml. 
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binding ability of inorganic polyphos- 
phates of low molecular weight for 
myosin B observed in solubility studies 
may involve the specific binding of those 
compounds which trigger the biological 
functions of the protein. 

The viscosity of myosin B. which de- 
creased slightly on addition of TP: de- 
creases further until it finally reaches the 
level induced by PP (Figure 20). 

Besides this viscosity change. the 
amount of orthophosphate liberated in 
the systc-m increases to 25 ug .  per ml. 
when the loivest viscosity of myosin B is 
obtained (Figure 26). The effect of T P  
on the physicochemical properties of 
myosin B shorvn in Figure 2 may be 
explained frnm the fact that T P  is 
converted to PP through hydrolysis of 
its  terminal phosphate bond by myosin 

E-TPase. HP is also slightly hydrolyzed 
(Figure 26) .  l h i s  may be due to the 
decomposition by myosin ETPase  of T P  
contaminating the HP, because the 
decrease in viscosity of the myosin B is 
accompanied by an increase in ac- 
cumulated orthophosphate. .A slight 
increase in the amount of orthophosphate 
in the system containing PP has alrcady 
been shown to be caused by the presence 
of contaminating PPase in the myosin,B 
preparation (23, 26). 

Solubility. Physical changes, such as 
changes in viscosity or light-scattering, 
caused by the interaction between myo- 
sin B in a solution of 0.6.2.1 KC1 (or re- 
constituted actomyosin) and PP or 
ATP in the presence of divalent cation, 
have been attributed to the fact that 
these polyphosphates weaken the binding 

Table 1. The Effect of Various Phosphate-Na Salts on the Protein Content of 
the Upper Clear layer  after Centrifugation at 13,000 R.P.M. and 0" C. 

- 70 of  Protein Concn. o f  Upper Clear layer o f  Myosin 8' 
Experiment 111 - Experiment I Experiment I\ 

With Without With Without With Without 
Saltsb 

PP 
TP 
HP 

, . .... . , . . . . . . . 
MgClr' MgCIz MgCIz MgCIz MgCh MgCh 

1 0 . 0 1  2 . 6 8  2 0 , 4 6  6 . 3 8  1 3 . 2 2  8 . 7 5  
6 . 7 2  l L 2 0  4 . 8 4  1 0 . 8 1  9 . 8 7  12 .37  
4 . 0 3  4 . 7 0  7 . 3 9  6 . 2 7  6 . 8 5  - . 4 2  

Control 
(KC1) 2 68 1 34 6 '1 14 43 6 . 9 4  

a Myosin B in 0.2,C.I KCl and 50m.W Tris-maleate buffer (pH 6.8). 
1m.W PP, TP, KCl. and 0.06'; HP. 

0 Final concentration: 0.5mM MgC12. 
Final concentrations: 
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Figure 4. Effect of pH on TPase activity of myosin B 
1 mg. per  ml. of myosin B was incubated in 0.6M KCI, 20mM Tris- 

0, ATPase activity 1 mM ATP, 2mM CoClz 
A, TPase activity, 2mM TP, 2mM CaCI, 
X, TPase activity, 2 m M  TP, 2mM MgCI:! 

maleate buffer (at various p H  values), and a t  21 '  C. 

of myosin .A with F-actin in actomyosin, 
and result in the formation of free F- 
actin and myosin A (9, 78, 27). Fuka- 
zawa rt ai. (8 )  studied the changes in 
nitrogen distribution of NaC1-Weber- 
Edsall solution extracts from myofibrils 
after ultracentrifugation in 0 .6M KC1 
solution containing 1m.U of various 
polyphosphates and l~n.44 MgC12; 
the increase in nitrogen content in the 
upper clear layer occurred only when PP 
was used. Since myosin A is soluble a t  a 
lowrer ionic strength than myosin B 
(-1. 76.  2 / ) :  the solubility of the protein 
should be changed if the dissociation of 
myosin B into myosin A and actin takes 
place upon addition of polyphosphates to 
the systcm. 

'To a myosin B suspension, dialyzed 
against 0.2M KCI and 20mM Tris- 
maleate buffer a t  p H  7.0, were added 
amounts of PP, TP,  and PdgClz, so that 
the final concentration of the phosphate 
mixtures would be lmhf  for PP and 
TP. 0.065y0 for HP,  and 0.5mM for 
MgCl,. The suspensions were then 
centrifuged at 13,000 r.p.m. for 2 hours 
a t  0' C. In Table I, the protein content 
in the supernatant fracti'ons after cen- 
trifugation is shown. The results 
demonstrate clearly that the protein con- 
tent increases only when MgClz and PP 
are present. If ordinary solubility 
curves of myosin B under various con- 
ditions are converted to salting-in dia- 
gram in which the increase of solubility 
(AS') per unit concentralion of NaCl 
(X) is plotted as a function of NaCl 
concentration, differences in the effects 
of the various inorganic polyphosphates 
on the solubility of myosin B become 
more obvious as shown in Figure 5 .  
0111)- slight effects on ithe solubility 
of the protein are observed in the 
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Figure 5. Differential salting-in diagrams of myosin B in 
the absence (a) and the presence of 0.5mM CaCI, (b)  
and MgCI, (c) 

0, no phosphate; X, 1mM PP; A, I m M  TP; 0, 0.06% HP; pro- 
lOmM phosphate buffer (pH 7.0); tein concentration, 0.2 mg. per ml.; 

S, extinction at  750 mp; C, molarity of NaCl  solution 

presence of polyphosphates or divalent 
cations alone, while a more soluble 
fraction than the control appears in the 
presence of polyphosphate together with 
divalent cations. This effect of poly- 
phosphates becomes stronger in the 
order of PP > T P  > H P ;  H P  shows 
almost no effect. .4s pointed out earlier, 
if the PP contamination of T P  is taken 
into consideration, the net difference of 
effectiveness on solubility between PP 
and T P  is presumably greater than the 
apparent one. The facts found in this 
experiment have added further support 
to the report on the mechanism of the 
effect of inorganic polyphosphate on the 
solubility of myosin B by Yasui et  al.  

Inorganic polyphosphates of low mo- 
lecular weight. such as PP and TP ,  not 
only increase their affinity for myosin B 
in the presence of sufficient amounts of 
univalent and divalent cations, but also 
show the specific reaction with myosin B 
similar to that of ATP. Tonomura and 
Morita (23) expressed the reaction 
schematically in the actomyosin-ATP 
system as: 

(27). 

ki k3 

k-1 k3Jrk-i 
E + S e (ES), E + P ( 2 )  

(ES)Z 
where E is actomyosin: (ES)l is an 
actomyosin-substrate complex, (ES) 2 is a 
stable actomyosin-substrate complex 
[actomyosin is deformed by the formation 
of (ES)?]. P is the product of the 
enzymatic activity. and k 's  are velocity 
constants of each stage. The inorganic 
polyphosphates. PP and TP, possess only 
one of the two functions--i.e., the con- 
figurational changes of the myosin 
molecule and the hydrolysis of the 
terminal P-0---P linkage by myosin 
B of ATP. PP has only the former, and 
T P  only the latter. Then, a question 
arises from a practical viewpoint: that is. 
which function is necessary for the 
effect on the binding properties of salted 
comminuted meat? 

Fukazawa et  al. (7) have indicated 
that myofibrils deficient in myosin 
A appreciably decieased the binding 
properties initially present in the control. 
Therefore, the factor which influences 
most directly the improvement of the 
binding properties of meat in sausage 
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manufacturing may be dissociation of 
actomyosin to myosin A and actin by PP 
together with Mg+*. On  the other hand, 
T P  becomes effective after its decomposi- 
tion to PP by the TPase in meat. 
Actually, however, T P  could be of use 
when a long curing period is used, for, 
unlike PP which becomes ineffective 
through its hydrolysis by PPase in meat, 
T P  exhibits its influence for longer time 
period through its hydrolysis by the 
TPase in meat. The effect of poly- 
phosphates such as H P  may be con- 
fined to an enhancement of solubility 
and extractability of myosin B by in- 
creasing the ionic strength under the 
conditions of sausage manufacture, un- 
less T P  or PP are produced from H P  
spontaneous reversion or other type of 
decomposition. As pointed out by 
Hashimoto at al. (70), the important 
factor for the binding properties of 
sausage is the quality of the extracted 
proteins, and not the amount of protein 
extracted from meat. 

‘These experimental results show that 
the effects of various inorganic poly- 
phosphates on the physicochemical 
properties of myosin B will reflect the 
behavior of the muscle structural protein 
in meat in the presence of these phos- 
phates. 
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FOOD FLAVORS AND ODORS 

Volatile Sulfur Compounds in Potatoes 

LARGE VARIETY of simple sulfur com- A pounds have been isolated from 
higher plants (36), and many such com- 
pounds have been found in vegetables 
(7, 72, 74, 77, Zd), fruit juices (22, 30), 
meat extract (4): beer (7-9), wine (38), 
tea (23), and coffee (27, 28). The im- 
portance of sulfur-containing compounds 
to flavor lies in their extremely low odor 
thresholds, ranging in the order of 5 
to 20 p.p.b. in water solution for com- 
pounds such as hydrogen sulfide, methyl 
mercaptan, and dimethyl mono- and 
disulfides (7-9: 29, 34). 

Although gas chromatography has 
long since proved itself to be indispen- 
sable in flavor research, it has had limited 
application in the analysis of volatile 
sulfur compounds. The chroma- 
tographic behavior of a number of mer- 
captans and sulfides, including their 
response using a thermistor detector, 
has been studied by Baumann and Olund 

The first part of the work presented 
here is concerned with gas chroma- 

( 3 ) .  

tography of a series of simple organic 
sulfur compounds, and preliminary 
studies of the response of the hydrogen 
flame ionization detector to these com- 
pounds. Reports on the behavior of the 
highly sensitive hydrogen flame ioniza- 
tion detector toward classes of com- 
pounds other than hydrocarbons are rela- 
tively few and have been reviewed by 
Ettre (79) .  In the second part, the 
volatile sulfur compounds from cooking 
potatoes were investigated by these gas 
chromatographic techniques. With the 
exception of hydrogen sulfide. which was 
identified chemically, identification of 
potato volatiles is based on two criteria: 
functional reaction-i.e., precipitation of 
mercaptans, sulfides, and disulfides with 
mercuric chloride-and retention time. 

Part I. Gas Chromatography of 
Sulfur Compounds 

Experimental Procedure. GAS 
CHROMATOGRAPHY APPARATUS. The  
dual-column gas chromatography appa- 

cular Contraction,” Interscience, Sew 
York, 1950. 

(17) Morales, M. F.? “Enzymes: Units 
of Biological Structure and Function,” 
p. 325, Academic Press, N. Y., 1956. 

(18) Nihei, T., Tonomura, Y., J .  Bio- 
chem. Tokyo 46, 305 (1959). 

(19) Peterson, E. A,? Sober, H. ‘4.. 
J .  Am. Chem. Sac. 78, 751 (1956). 

(20) Sherman, P., Food Technol. 16, 
No. 4, 91 (1962). 

(21) Szent-Gyorgyi, A.? “Chemistry of 
Muscular Contraction,’‘ 2nd ed., .4ca- 
demic Press, N. Y., 1951. 

(22) Takahashi, K.,  Yasui, T., Hashi- 
moto, Y., Tonomura, Y., Arch. Bio- 
chem. Biophjs. 99, 45 (1962). 

(23) Tonomura, Y., Morita, F., J .  Res. 
Inst. Cataljsis Hokkaido Univ. 7, 126 
(1 959). 

(24) Weber, H. H., “The Motility of 
Muscle and Cells,” Harvard Uni- 
versity Press, Cambridge, Mass., 1958. 

(25) Yasui, T., Fukazawa, Y., Hashi- 
moto, Y., Kitagawa, S., Sasaki, A. T.: 
J .  Biochem. Tokyo 45, 717 (1958). 

(26) Yasui, T., Hashimoto, Y., Tono- 
mura. Y.. drch. Biochem. Biophys. 87, _ _  
55 (1960): 

(27) Yasui, T., Sakanishi, M., Hashi- 
moto. Y., J. AGR. FOOD CHEM., 12, 
392 (1964). 

Received f o r  review February 7, 7964. 
.March 70, 1964. 

.-fccepte 

M. R. GUMBMANN and H. K. BURR 
Western Regional Research Labora- 
tory, Albany, Calif. 

ratus, including the detectors, was 
constructed in the laboratory ( 7  7 ) .  
Three different columns were used. 
Two were of 5-foot X 0.21-inch i.d. 
stainless steel-one packed with 80 to 100- 
mesh firebrick coated with 20yo diethyl- 
ene glycol succinate polyester (DEGS) 
and the other packed with 60 to 80-mesh 
firebrick coated with 30% Apiezon M. 
The third column was a 1000-foot X 
0,034-inch i.d. nylon capillary coated 
with silicone SF 96(100). The DEGS 
column was operated at  38” C. and 28 
ml. per minute nitrogen flow; the 
Apiezon column was operated at  115’ C. 
and 30 ml. per minute nitrogen flow; 
and the capillary column was operated 
at  40’ C. a t  10 and 20 pounds per sq. 
inch nitrogen pressure. The nitrogen 
carrier gas was moistened by passing it 
through a glass-fiber wick which dipped 
into distilled water. Temperature fluc- 
tuations were minimized with “Thermis- 
temp” temperature controllers utilizing 
thermistor probes. The columns were 
operated with hydrogen flame ionization 
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