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Discussion 
Session One 

J. Price: Dr. Parrish, you said that an unknown protein 
hooks into the Z-line. Is that also susceptible to proteolytic 
degradation? 

F. Parrish: I would say it is really unknown at this time. It 
seems that we know that titin and nebulin are very suscepti- 
ble to proteolysis but we are not really sure what protein 
connects them into the Z-line. 

Price: There is another reciprocation session going on 
right now where they are talking about whether or not we 
have an emulsion or a protein gel. Since titin and nebulin are 
soluble with phosphate, is it very possible that these proteins 
could be involved in gel or structure formation in processed 
meats? 

6. Parerson: We have studied this question using beef 
tissue treated with certain quantities of salt and phosphate. 
We then examined the tissue with phase-contrast micros- 
copy and SDS-gel electrophoresis to see what myofibrillar 
proteins were affected by these treatments. Titin was defi- 
nitely extracted from the beef muscle in the presence of 
certain concentrations of salt or lower concentrations of salt 
when pyrophosphate was also present. So although we did 
not study actual emulsions, I believe it is a possibility that titin 
and nebulin play an important role in emulsion and gel 
formation and stability. 

T. Gillen: Is titin a very heat-sensitive protein? 
Parrish: We have worked with it under cooking tempera- 

tures of rare, medium and well done. We would then isolate 
myofibrils and examine them with SDS-gel electrophoresis. 
We did not find titin on the gels, but of course that .raises the 
question: is it denatured to the extent that it will not go into 
the gel or does heating actually cause it to dissolve? This is 
something that we are still evaluating. I believe that some 
Australian researchers have indicated that it is heat-sensitive 
and it will break down by heating. Also Dr. Locker reported 
some work which showed that when meat was cooked to 
80°C and examined with the microscope, no gap filaments 
were present. At what point and how heat-sensitive it is, I 
would say is still unknown. 

Gillen: But not as much as myosin? 
Parrish: No, I do not think so. There is some titin still 

present on SDS-gels from tissue that has been heated to 60" 
internal and then it starts disappearing from the gels as the 
temperature increases at 1 0-degree increments. 

B. Marsh: If titin is heat-sensitive at temperatures no 

higher than that at which meat is normally cooked, how can 
we say that it's got anything to do with tenderness? It seems 
that i f  we are going to destroy titin before we finish cooking 
the meat, I don't quite see its connection with tenderness. 

Parrish: I do not know that you have to completely destroy 
the titin to have tender meat. In studies that we have done 
with tender meat, there is still T-2 present in the SDS-gels. I 
do not believe that our knowledge is solid enough to make a 
clear-cut statement as to what is happening to titin or the gap 
filaments during cooking. We have to also realize that meat 
usually is not cooked when it is stretched 2 to 5 times over its 
normal length. We are talking about meat usually at rest 
length, and maybe in some cases shorter than rest length, 
and the question then is: What are the protective effects of 
the other proteins on titin or the protective effects of the thick 
and thin filaments on the gap filaments? These are questions 
that we still need to answer. 

T. Bidner: Fred, you gave the different titinhebulin models 
that have been proposed but you did not really comment on 
which one you thought was most accurate. Would you care to 
share your opinion on that? 

Parrish: I am a proponent of the Wang model. I believe 
that his model most represents current research evidence. 
However, I do know that he is still refining his model and the 
other researchers are also refining their models as more 
research is conducted. We are far from seeing the final 
model. 

Session Two 
C. Calkins: Dr. Parrish, you indicated that in order to 

solubilize titin, it required detergents such as SDS. Later you 
said something about salt and phosphate being involved with 
the solubilization of titin. Can you resolve that for us? 

Parrish: First of all, I think we have come a long way in 
trying to understand something about the molecule and its 
interaction with the other proteins. Very definitely when Wang 
tried to purify titin, it was insoluble at .3M NaCI. I am not quite 
sure how that differs from our research, other than the fact 
that we treated myofibrils much like processed meat would 
be. The meat was aged two days before we isolated 
myofibrils and added to them various solutions of sodium 
chloride and pyrophosphate. So perhaps within that two-day 
aging period, proteolysis occurred to allow some solubiliza- 
tion of titin and nebulin in the presence of NaCl and 
pyrophosphate. 
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Calkins: Locker's model is complex but it seems to pull 
together a lot of different bits of information. Would you 
comment on your impression of the validity of that model? 

Parfish; The first model that Dr. Locker presented was a 
very simplified model that was based on electron micro- 
graphs. In his most recent model, Locker brings together 
facts from his most recent work along with the results from 
Wang, Maruyama. and Iowa State University research to 
form a much more complex model. In doing so, he has made 
the newest model much more realistic and comprehensive 
than the previous one. In this new model, he even showed 
how C-protein interacts with both the thick filament and with 
titin. In addition, Locker reports that the protein which con- 
nects titin and nebulin to the Z-line is susceptible to 
proteolysis and may be a titin-3 protein. Locker has definitely 
proposed a more up-to-date model. 

G. Trout: Ron Locker worked for a long time on gap 
filaments and his hypothesis was that they contribute a lot to 
meat tenderness. However, Norville King came up with the 
concept that showed titin or connectin is degraded fairly 
readily during heating and that it does not play as an impor- 
tant role in tenderness. Do you have comment? 

Parrish: The question really is whether or not most of the 
titin degradation is done during post-mortem aging or is there 
also degradation due to heating. It is not completely an- 
swered. Again, I think some people feel that to have tender- 
ness improvement, perhaps you ought to have all the gap 
filaments destroyed. Now I agree with Locker, I do not think 
you have to have all those filaments completely solubilized or 
degraded or destroyed to have improved meat tenderness. 
We have done some work in heating muscle tissue at 60", 70" 
and 80°C and then looking at the patterns on SDS-gels and it 
looks like that as you heat muscle tissue there is a loss of titin 
on the gels. But is this due to it being solubilized in heating or 
does it become denatured and not enter the gel? But I think 
heating does have something to do with it. The question is: 
How is it happening and what amount takes place to be 
effective in tenderization? 

Trout: You talked about the importance of salt and phos- 
phate on the solubilization of these proteins and saying that 
they remove one of the restraints to myofibril swelling and 

therefore increase water-holding capacity. One of the things 
that really restrains the myofibril from swelling is the collagen 
network around it; and that even if you did add salt and 
phosphate to a system which still had the collagen in place, 
you would not get swelling. However, you worked on isolated 
myofibrils so that you did not really take into account the 
contribution that collagen made that surrounds the myofibril. 

Parerson: We did work with muscle tissue that was treated 
with salt and phosphate and not just isolated myofibrils. 
Using SDS gels, the muscle tissue that had the highest 
water-holding capacity had the most titin extracted. So we did 
study a system in which collagen was present. 

M. Solomon: Is there any indication whether there may be 
differences between the different types of muscle, such as 
fast twitch vs. slow twitch? 

Parrish: Yes. At Iowa State University, we looked at light 
and dark muscle of pig and chicken and observed different 
SDS-gel patterns for both titin and nebulin. 
8. Killday: It was shown that CAF degraded both titin and 

nebulin. I wonder if any work has been done with lysosomal 
proteases and whether they degrade these proteins and if 
so, which protease seems to be most effective? 

Parrish: In our work, we compared Cathepsin D and CAF 
and the calcium-activated factor was much more active in the 
proteolytic breakdown of titin and nebulin. 

Killday: Was any work done with the actual lysosomal 
enzyme fraction rather than the purified enzymes? 

Parrish: We used the purified enzyme and not a prepara- 
tion of lysosomal enzymes. I think you will run into a real 
problem in interpreting your results when you do not have a 
purified enzyme. 

T. Rourke: Does the medical field have any interest in 
these proteins concerning human muscle diseases? 

Parrish: Yes, there is very definitely some work going on in 
the medical field. There was some thought at one time that 
nebulin may be involved in some muscular dystrophy dis- 
eases, but the evidence is not as strong now as it once was 
originally. Also, titin has been found in heart muscle and 
research is continuing to see if nebulin is also present and 
what roles, if any, titin and nebulin play in the functioning of 
heart muscle. 




