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*he r_
n>°(j 1 ea°ti°n of sodium nitrite with sulfhydryl groups in meat proteins was studied, using a 
at M  sVstem. Isolated rabbit myosin was incubated with sodium nitrite in buffered solutions 
tha^ 3*0 and 5.0. The temperature was 25°C and 100°C. Nitrite concentration was 10 times 

°f sulfhydryls from myosin.
y.

9r0lJ esults clearly demonstrated the formation of nitrosothiol groups from the sulfhydryl 
The increase in nitrosothiols was accompanied by a simultaneous decrease in sulf- 

At pu1 groups. The highest nitrosothiol content was reached within 10 minutes of reaction. 
ti0tl 3*0 and 100°C the nitrosothiols detected corresponded to a nearly quantitative reac- 

of the sulfhydryl groups.

at 250^ed incubation reduced the amount of nitrosothiols. At pH 3.0 the stability was higher 
PH c than at 100°C. The breakdown of nitrosothiols at 100°C was approximately the same at 

and 5.0.
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Se f.?act
5?ctb,«t,

j10? entre le nitrite de sodium et les groupements sulphydriques dans les proteines 
:übsnde ®tait étudiée en utilisant un système de modèle. Le myosin isolé de lapin a été

U

a^ec du nitrite sodium dans les solutions dampon de pH 3.0 et 5.0. La temperature 
^ c et 100°C. La concentration de nitrite était 10 fois celle de sulphydrique de myosin.

es
, lph y ^ ltats ont nettement montré la formation des groupes de nitrosothiole par les groupes 
? Spy ^■'■gues. l'augmentation de nitrosothiole a été suivi par une réduction dans les groupes 
®acty'“é t i q u e . Le contenu le plus haut de nitrosothiole était obtenu avant 10 minutes de

• A pH 3.0 et a 100°C le nitrosothiole découvert correspond à une réaction à peu près 
"tive des groupes de sulphydrique.

N ‘c;*ation Drolongée a diminué la quantité de nitrosothiole. A pH 3.0 la stabilité était 
PH -3aute a 25°C q u ’à 100°C. La démolition de nitrosothiole 100 C était à Deu près la même 

•° et à 5.0.
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Die Reaktion des Natriumnitrits mit Sulfhydrylgruppen in den Fleischproteinen ist, -- 
Modelsystems, studiert worden. Isoliertes Kaninchenmyosin wurde m:LtWendung eines ______________ , ___________________  _________________________ ______  _____

nitrit in Pufferlösungen mit pH 3.0 und 5.0 inkubiert. Die Temperatur war 25°C und 
Nitritkonzentration war die Zehnfache des Sulfhydryls vom Myosin.

pen 4e'
Die Ergebnisse haben deutlich die Bildung der Nitrosothiolgruppen von Sulfhydrylgt^P^^yl 
zeigt. Die Zunahme der Nitrosothiole war mit einer gleichzeitigen Abnahme der s u . i ¿fj 
gruppen geknüpft. Der höchste Gehalt an Nitrosothiole wurde in den ersten zehn Min^ *
Reaktion erreicht. Bei pH 3.0 und 100°C entsprach die erhaltene Menge der N i t r o s o t h  

den quantitativen Reaktion der Sulhydrylgruppen.

Verlängerte Inkubation reduzierte die Menge der Nitrosothiole. mi. yn j.u « d  --- , r 
besser bei 25°C als bei 100°C. Der Abbau der Nitrosothiole bei 100°C war u n g e fä h r

Mit pH 3.0 war die

bei pH 3.0 und 5.0.

Q E P A 30bA iülE  HHTP030TH0JI£HhLX. r p y il l l  B MM03HHE 
rPE T E  CKPEÄE h JIEHE K0EEP BPEHÄCKAF
HopBeaiCKHH HaynHO—HCCJiefloBaTcjibckhm  MHCTHTyT nposyKTOB imTaHHH, 0c, HopBeruH

MccjiesoBaHO,npn ynoTpeÖJieHHM MOAejiBHoä cucTeMN, peaKpra) h h t p h t a HaTpwH 
c cyjiBijbrjiÄpHjiBrpynnaMH b m h c h h x  npoTenHax. M30jinpoBaHHuii Kpojumiui m h o 3h h  HHKyöH- 
poßaH c HMTpMTOM HaTpHR b öyqfiepHNX pacTBopax ripn pH 3 , 0  h 5 , 0 ,  iipn TeMnepaType 
250C H 1 0 0 ° C .  KOHpeHTpaT HHTpHTa ÖNJI fleCHTHKpaTHNM no CpaBHeHHH C CyjIBCfirHSpHJIO« 

MH03HTa.

PeayjiBTaTH s b h o  noKa3ann oöpa30BaHne h h t p o 30Tk o j i b h n x rpynn H3 cyjiBtjrnflpmiBHNx 
rpynn._ Pocu. HHTp030TH0Ji0B önji CBH3aH c OflHOBpeMeHHNM yMCHBineHKeM cyjiBrnflpmiBHNX 
rpynn. Han6ojiBniee coflepaaH-ne h m t p o 30tho jiob önjio nojiyneHO b TeneHMH nepBNx flecHTK 
MHHyT peaKHHH. IlojiyHeHHaH A°3a h h t p o 30thc jiob npH pH 3 , 0  h 1 0 0 ° C  iiotoi cooTBeT- 
CTBOBajia KOJiHHecTBeHHoii peaKpHM cym><i>nispiiJiBHNX rpynn.

ripoAJieHHaH HHKyßaaHfl yMeHBmmia KOjinnecTBo h m t p o 30t m o j i o b. CTaÖmiBHOCTB npn pH 3,0 
ÖHJia Bhime npH 2 5 ° C  neu ripn 1 0 0 ° C .  Pa3BomeHHe hii tpo30tho jiob npH 1 0 0 ° C  önjio 
npn6jiH3MTejiBHo TaKMM me npH pH 3 , 0  u 5 , 0 .
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°ls eaction between nitrite and sulfhydryl groups, resulting in the formation of nitrosothi- 
•*-37q .'Ls tegarded as being responsible'for some nitrite loss in cured meat products (Mirna, 
tetn' .°lsman, 1973). The formation of S-nitrosocystein is known to be quantitative when cys- 
PH / incubated with nitrite under strong acidic conditions (Saville, 1958). With increasing 
91üÈatv,^‘3 to 5 -5> Mirna and Hofmann (1969) obtained decreasing formation of nitrosothiol from 

^bione• The nitrosothiols from cysteine and glutathione were unstable compounds, having 
ives of 2 and 3 hours, respectively, at pH 5.5.

S"bfhva —  — • <1974) demonstrated a similar pH dependence when nitrite was reacted with
bhey groups of isolated myosin. Using myosin and nitrite in an anaerobic model system,
ihg °tnd a nearly equimolar decrease in sulfhydryl groups and nitrite at pH 5.0. Only 20% of 

°tal nitrite loss was detectable as nitrosothiols, however.
I'he
b®twe rk Presented here was undertaken to investigate further the products from the reaction 

sulfhydryl groups of myosin and nitrite (Kubber0d et a_l., 1974). The formation and
^  r ? T    . . . »  -mm »  »  . « .  "I I          —  —  —    i .  U  »  w. A M  m 4 K  1 A  »-TV\ "1 4 y~% •Çûil
Sülfrty of nitrosothiols at different pH and temperatures, and the possible formation of 

rdes from the breakdown of nitrosothiols were investigated.

,uo muscle myosin was isolated according to Nauss et a_l. (1969) as described elsewhere 
hteate-r®d et a l . , 1974). All solutions used, were made with double-destilled water and were 

With chelating resin, Chelex-100 (Bio-Rad Laboratories) to remove traces of heavy 
‘'atm B̂uttkus, 1971). The myosin was stored as ammonium sulfate precipitates at -80°C under 
itis(h°Sphere- Before use, aliquots were dialyzed three times versus 0.5 M KC1, 5 mM TES (N-
l00-00ndrOxymethY1)methy1_2_aminoethane)' 6mM EDTA at pH 7-0 and Wer® then centrifu9ed atIeSselo x 9 for 60 minutes. In all analyses, protein solutions were weighed into reaction

' SamPles prepared this way contained 15 - 20 mg protein/g solution, determined by the 
method (AOAC, 1970) and the conversion factor 6.25. For routine work, protein was 

Staru3™bhed by the biuret method (Colowick and Kaplan, 1957), using bovine serum albumin as

the

td
In
bpffg exPeriments, aliquots of 0.15 - 0.20 g of myosin solution were treated with 1.0 ml 
ft °n w NaNO -solution at different conditions. In all experiments the nitrite concentra- 
,uffJ:as bO times the initial sulfhydryl group concentration of the myosin in solution.
C°bow^ Used for incubation were mixtures of 0.1 M citric acid and 0.2 M dipotassium phosphate
N.

AOv,lck
ftrn

and Kaplan, 1955).

t h ^ o t h i o i  groups of myosin were determined using the method given by Saville (1958) except 
guanidine-hydrochloride was used to make up the volum of the sample after incubation.

v
it

Was used as standard.

iv
• Oi

fhydryi group determination, a modification of the Ellman (1959) procedure (Butterworth 
1967) was used. After incubation, the sample was mixed with 5.0 ml 6 M  guanidine- 
°ride (pH 7.5) and stirred with a glass rod until the solution was homogeneous. 2.0 ml°chlto -̂-‘-j.ue tpH /.s) ana stirrea wirn a glass l o u  u n u n  l u c ---- •

t>l ?TNB (5.5'-dithiobis(2-nitrobenzoic acid)) were added. After 2 minutes of reaction, 
ft "»In,1i°% saturated ammonium sulfate were added. The sample was centrifuged (30.000 x g) for 
thIutioneS and the precipitate washed 4 times using 20 ml 50% saturated ammonium sulfate

PH
on ®ach time. The precipitate was dissolved in 3.0 ml 6 M guanidine-hydrochloride and

adju s te d  to  7 0. After addition of 0.06 ml 0.4 M DTE (1 ,4-dithioerythritol), the volume
up^to 20 ml with a 0.1 M potassium-phosphate buffer containing 0.5 M KC1 and 6 mM

k,S ta^., _  - - - -  ............................... ..................................................

tftrite incubation.

v  st a ^ PH 7.5. The optical density was read at 412 nm against a blank. Glutathione was used 
lthou^clard . The same procedure was used when determining the sulfhydryl groups in myosin

5 of formation of nitrosothiols was high when myosin was incubated with nitrite at 25 C 
hoü3 ‘0 (Figure 1). After 10 minutes of reaction, 24.7 moles/5-105 g protein were detected. 

s °f incubation reduced the amount of nitrosothiols by approximately one third.

7?les/5S?t|ble amount of sulfhydryl groups was reduced from 26.7 moles/5-105 g protein to 12.3

“it g protein in 5 minutes of incubation. No reduction in the amount of sulfhydryl
titeWas obtained beyond these first minutes. Sulfhydryls were stable when incubated without 

at 25°C and pH 3.0 for 2 hours.
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At 100°C and pH 3.0, nitrosothiols were formed at a high initial rate. After 5 minutes, ‘ 
moles/5-10^ g protein was detected (Figure 2). On prolonged incubation there was a rapid ^
crease in the amount of nitrosothiols. After 2 hours, 3.8 moles/5‘10^ g protein remained, 
was nearly equal to 15% of the maximum amount detected.

The ccfntent of sulfhydryl groups was reduced from 26.7 moles/5-10'’ g protein to 3.8 moleS// 
5*10^ g protein in 5 minutes. Myosin heated without nitrite at 100°C and pH 3.0 showed a 
sulfhydryl loss of about 10% in 30 minutes.

- ,. Ttii-5
After 2 hours of incubation 3.7 moles nitrosothiols/5•105 g protein remained (Figure it • 
corresponded to 23% of the amount detected after 10 minutes of reaction.

The content of sulfhydryl groups was reduced from 25.5 moles/5-10^ g protein to 22.0 
5-10^ g protein in two hours when myosin was incubated without nitrite and to 3.7 moles/ 
g protein on incubation with nitrite. Close to 90% of this reduction occurred within the 

.10 minutes of reaction.

Discussion

The reduction in detectable sulfhydryl groups when myosin was incubated with nitrite und®1̂ 
acidic conditons, is in agreement with results obtained in previous experiments (Rubber? • 
a l . , 1974). After the initial rapid fall, the amount remained nearly constant on prolong 
incubation.

The results clearly demonstrated a rapid formation of nitrosothiols. When incubation was 
continued, the amount of nitrosothiols decreased, indicating that nitrosothiols formed 
myosin are unstable. Whether the stability of these high molecular nitrosothiols was be ^ g( 
than reported for low molecular nitrosothiols (Mirna and Hofmann, 1969) is difficult to 
from the data presented, since experimental conditions were different.

As would be expected, the stability of nitrosothiols was better at a lower temperature e<} i 
a higher. On the other hand, no effect of pH on the breakdown of nitrosothiols was obse 
these experiments.

cf
The amounts of nitrosothiols found at short time incubation might have been slightly aior0ce' 
by a possible additional formation of nitrosothiols due to low pH during a step in the P 
dure. All samples were treated identical however, so that comparisons could be made.

Nitrosothiols are split by mercuric ions, causing a reformation of nitrite, a fact ot'
utilized in the Saville (1958) procedure for determining nitrosothiols. However, this t 
mation of nitrite is not spesific for nitrosothiols, as Mirna and Coretti (1974) detec 
nitrite from N-nitrosamines treated with mercuric chloride. Under identical conditions, -¿o' 
amount of nitrite arising from nitrosamines corresponded to only 1 - 2% of that from ni ^ej.n4 
thiols. This indicates that nitrosothiols can be analyzed by the Saville method withou 
considerably influenced by nitrosoamines that might be present.

the
Fox and Nicholas (1974) reported that among several amines and amino acids, cystein 9a .^  t^e 
greatest contribution to the nitrite loss in buffered systems. This finding together w ^ n 
results presented herein, would indicate that the predominant loss of nitrite when wy° 
incubated with sodium nitrite is due to nitrosothiols. The nearly equimolar losses oirrried
hydryls and nitrite found by Kubber0d et al. (1974), indicated that no nitrite was 

trosothiols were destroyed by heat. This shoul 
dual nitrite in meat products according to the AOAC (1970

r e  s1
when n i t r o s o t h i o l s  were de s t ro y ed  by h e a t .  Th is  should  be borne in  mind when an a ly z in g

p roced u re .  The method in v o l^
heating of the samples for 2 hours before mercuric chloride is added for protein preciP^g ,,35 
Nicholas and Fox (1973) did not find any change in nitrite content when mercuric chl°r 
omitted from the analysis. The reason for this might have been that any nitrosothiols 
ally present, were destroyed during heat treatment. Thus, the nitrite from these nitr° pr0^
would not be included in the amount of residual nitrite determined. A way 
might be to split the nitrosothiols before heating the samples.

to  s o lv e  the

ati° n°J
In  the p re se n t  in v e s t i g a t i o n ,  s u l fh y d r y l  groups were determ ined acc o rd in g  to  a m o d i f i^ aappli 
the Ellman p roced u re .  By in c lu d in g  a re d u c t io n  in  t h i s  p roced u re ,  the method should  D ^ i t h , 
c a b le  f o r  d i s u l f i d e  a n a ly s i s .  However, d i f f i c u l t i e s  were met when redu c in g  the sample 
1 , 4 - d i t h i o e r y t r i t h o l  in  the p resence  o f  n i t r i t e ,  and n i t r i t e  would p o s s i b l y  have to  '® rat0“  
b e fo r e  re d u c t io n .  Th is  a n a l y t i c a l  problem  i s  p r e s e n t ly  under in v e s t i g a t i o n  in  our l a »
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Figure 1. Nitrosothiol ($) and sulfhydryl groups ( ▼ )  of myosin
treated with sodium nitrite at 25°C, pH 3.0. Sodium 
nitrite concentrations were 10 times sulfhydryl group 
concentrations in solution.
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Figure 2. Nitrosothiol (£) and sulfhydryl groups ( y )  of myosin
treated with (--- ) and without (--- ) sodium nitrite at
100°C, pH 3.0. Sodium nitrite concentrations were 10 
times sulfhydryl group concentrations in solution.

Figure 3. Nitrosothiol ( f )  and sulfhydryl groups ( 4  ) of myosin
treated with (--- ) and without (--- ) sodium nitrite in
buffered solutions at 100°C, pH 5.0. Sodium nitrite 
concentrations were 10 times sulfhydryl group concen
trations in solution.




