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Calmodulin (CaM) is a ubiquitously expressed Ca™ binding proiein composed of an amino terminal and a carboxy
terminal lobe connected by an eight-turn a—helix. CaM binds most target proteins in a Ca®-dependent manner. “Both the N

Ca™-dependent binding of CaM to target proteins, CaM binds to some proteins in the absence of Ca™. Several types of Ca’-

independent binding sites for CaM have been reported. One type of Ca*-independent CaM binding site is an IQ motif
(OXXXRGXXXR). Some IQ motifs, however, can also bind Ca®-bound CaM (Ca*CaM). In binding to an IQ motif, Ca>-
free CaM (apoCaM) also undergoes a major conformational change. CaM is both a positive and negative regulator of the
cardiac Lrtype Ca”channel (DHPR). Elevations in intracelfular Ca* concentration produce a conformational change in CaM,
tethered to the channel, producing L type Ca™channe] inactivarion. Zuhlke et al. (1999) have shown that CaM serves as a Ca®
sensor for both positive and negative regulation of the cardiac L-type Ca®channel. A mutant CaM that cannot bind Ca* at any
of the Ca™ binding sites blocks the effects of Ca**CaM on the L-type Ca*channel, suggesting that both the Ca™-free and Ca™-
bound forms of CaM can bind to this channel. This ability of Ca>*CaM to inhibit the channel appears to be mediated via s
binding to an IQ motif in the cytoplasmic carboxy tail of the «,~subunit of DHPR. Ifthe isoleucine of this motif is mutated 1o
an alanine, the Ca*-Gependent inactivation is lost, and this unmasks a strong facilitation by CaM. If isoleucine is converted,
however, 10 a glutamate, © both of the effects of CaM are lost. These findings suggest that apoCaM and Ca*CaM are binding
in the same regjon of the DHPR or that Ca*CaM binding sites are allosterically regulated by the binding of apoCaM.

Skeletal and cardiac muscles have differeat isoforms of the ryanodine receptor (RyR1 and RyR2, respectively). ®ln
hanne), Dual regulation
by CaM is also seen with RyR1. RyR1 is the major CaM binding protein of sarcoplasmic reticutum (SR) membranes. Tripathy
et al (1995) have shown that CaM bound to SR Ca™ release channel at nanomolar Ca® concentrations activates the channel.
contrast, CaM bound to RyR1 at micromolar Ca* concentrations inhibits Ca™ release channel activity. Our studies (1999)

demonstrate the existence of a single CaM binding site per subunit of RyR1 at both high and low Ca™ concentrations. RyR1
ftsclf binds Ca™ in the absenice of CaM, creating a complicated picture of the response of this channel to Ca® in the presence of
CaM. In the absence of CaM, Ca® in the 1-300uM range activates RyR1, but at concentrations of >500uM it is inhibliory. In
the presence of CaM, a biphasic dependence of RyR1 activity on Ca™ is still seen, except both activarion and inhibition take
place at lower Ca™ concentrations. A mutant CaM that does not bind Ca® at any of the binding sites is an activator of the
channel at all Ca* concentrations. The results of Fruen et al (1998) suggest that, in contrast to s iteraction with RyR1,
apoCaM binds with much lower affinity to RyR2 than to RyR1, and i does not increase RyR2 activity.
(cited from “S.L.Hamilon et al, Calmodulin and exciation-contraction coupling, News Physiol. Sci, 15:281284, 2000”)
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The epidemioiogy and moilecular biology of colorectal cancer are reviewsd with a view to understanding their interrelationship.
Risk factors for colorectal neoplasia (a) a positive family history, meat consumption, smoking, and alcohol consumption. Important (b)
associations exist with vegetabres, nonsteroidal antiHnflammatory drugs (NSAIDs), homone replacement therapy, and physical actvity.
There are several molecular pathways to colorectal cancer, especially the APC (adenomataus polyposis coli}- S-catenin-Tef (T-cel factor;
a transcriptional activator) pathway and the pathway invohving abnormaiities of DNA mismatch repair. These are important, both in
inherited syndromes {famifal adenomatous polyposis [FAP] and hereditary nonpolyposis colorectal cancer [HNPCC], respectively) and in
(€} cancers. Other less well defined pathways exist Expression of key genes in any of these pathways may be lost by inherited or acquired
mutation or by hypermethylation. The roles of several of the environmental exposures in the molecular pathways either are established
{e.g., inhibifion of cyclooxygenase-2 by NSAIDs) (d) are suggested (e.g., meat and tobacco smoke as sources of spedific blood-bome
carcinogens; vegetabies as a source of folate, antioxidants, and inducers of detoxifying enzymes). The roles of other factors (e.g.. physical
activity) remain obscure even when the epidemioloqy is quite consistent There is also evidence that some metaboiic pathways, e.g., those
involving folate and heterocydic amines, may be modified by polymorphisms in relevant genes, e.g., MTHFR (methytenetetrahydrofoiate
reductase) and NATT (N-acetytransferase 1) and NAT2. There is atleast some evidence that the general host metabolic state can provide
a milieu that enhances or reduces the likeihood of cancer progression. Understanding the roles of emvironmental exposures and host

susceptibilities in molecular pathways has impiications for screening. treatment, surveilance. and prevention,

(Cited from Potter, J.D. Colorectal cancer: molecules and populations. J. Nat. Cancer Inst. 91: 916-932, 1999)
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Read the following sentences carefully and answer the questions ejther in Japanese or in English.

Calmodulin (CaM) is 2 ubiquitously expressed Ca™ binding protein composed of an amino terminal and a carboxy
terminal Jobe connected by an eight-turn a—helix. CaM binds most target proteins in a Ca™-dependent manner, Both the N
terminal and C lmmna] lobes have two E-F hand thar undergo Ca*-dependent conformational changes that expose
bydrophobic binding pockets, aflowing binding to amphipathic a—helical domains within the target proteins. In addition 1o the
Ca*-dependent binding of CaM to target proteins, CaM binds 1o some proteins in the absence of Ca™. Several types of Ca®-
independent binding sites for CaM have been reported One type of Ca*-independent CaM binding site is an IQ motif
AQXKKRGKANR). Some IQ motifs, bowever, can also bind Ca*-bound CaM (Ca*CaM). In binding 1o an IQ motif, Ca®
free CaM (apoCaM) also undergoes a major conformational change. CaM is both a positive and negative regulator of the
cardiac L-type Ca*channel (DHPR). Elevations in intraceTular Ca concentration produce a conformational change in CaM,
tethered to the channel, producing L~ type Ca*channe] inactivation. Zuhlke et al. (1999) have shown that CaM serves as a Ca®
sensor for both positive and negative regulation of the cardiac L-type Ca**channel. A mutant CaM that cannot bind Ca*at any
of the Ca™ binding sites blocks the effects of C2*CaM on the L-type Ca*channel, suggesting that both the Ca*-free and Ca™-
bound forms of CaM can bind to this channel. This ability of Ca*CaM to inhibit the channel appears to be mediated via its
binding to an IQ motif in the cytoplasmic carboxy tail of the a,~subunit of DHPR. If the isoleucine of this motif is mutated to
an alanine, the Ca™-dependent inactivation is lost, and this unmasks a strong facilitation by CaM. If isoleucine is converted,
bowever, to a ghtamate, % both of the effects of CaM are Jost. These findings suggest that apoCaM and Ca*CaM are binding
in the same regjon of the DHPR or that Ca*CaM binding sites are allosterically regulated by the binding of apoCaM.

Skeletal and cardiac muscles have different oforms of the ryanodine recepior (RyR1 and RyR2, respectively). In
skeletal muscle, only every other RyR1 appears to be coupled to a voltage sensor of the L- type Ca*channel, Dual regulation
by CaM is also seen with RyR1. RyR1 is the major CaM binding protein of sarcoplasmic reticuturn (SR) membranes. Tripathy
ct al (1995) have shown that CaM bound to SR Ca* release channel at nanomolar Ca® concentrations activazes the channel. In
contrast, CaM bound to RyR1 at micromolar Ca™ concentrations inhibits Ca® release channel activity. Our studies (1999)
demonstrate the cxistence of 2 single CaM binding site per subunit of RyR1 at both high and low Ca™ concentrations. RyR1
itself binds Ca* in the absence of CaM, creating a complicated picture of the response of this channel to Ca™ in the presence of
CaM. In the absence of CaM, C2™ in the 1-300uM range activates RyR1, but at concentrations of >500uM i is inhibitory. In
the presence of CaM, 2 biphasic dependence of RyR1 activity on Ca™ is still seen, except both activation and inhibition take
place at lower Ca™ concentrations. A mmtant CaM that does not bind Ca™at any of the binding sites is an activator of the
channel at all C#™ concentrations. The results of Fruen et 2l (1998) suggest that, in contrast 10 is interacion with RyR1,
2poCaM binds with much lower affinity o RyR2 than to RyR1, and it does not increase RyR2 activity.

(cited from “S.L. Hamilton et al, Calmodulin and excitation~contraction coupling, News Physiol. Sci, 15:281284, 2000™)
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Question 1. The figure shows ternary structure of CaM observed by the X-nay diffraction method Complete the figure by
depicting the three dhnensionalpmeofthismteininamaangle according to text. C and N represent an amino and a

carboxy terminals, respectively.

Question 2. How many caleium ions can a CaM molecule bind?  Note with a reason for caleulation,

Question 3. What does “® both of the effects of CaM” mean?  Answer using words mentioned in the text.

Queston 4. There are some differences between RyR isoforms on the binding of apoCaM 1o RyR and function of apoCaM.

Note the differences between RyR isoforms.

Question 5. C&*CaM-induced inhibition of L-type Ca* channel may be attributable 1o the binding of Ca*CaM 10 I} motif on

Cterminal of the channel What experiment did us lead 1o such conclusion?
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Problermn 2. Read the foliowing sentences and answer the questions either in Japanese or English.

The epidemiciogy and molecular bioiogy of colorectal cancer are reviewed with a view to understanding their interreiationship.
Risk factors for colorectal neoplasia () a positive family history, meat consumpfion, smoking, and aleohol consumption. fmportant &)
associations exist with vegetables, nonsteroidal anti-inflamatory drugs (NSAIDs), hormone replacement therapy, and physical activity.
There are several molecular pathways to colorectal cancer, especially the APC (adenomatous polyposis coli}- 5-catenin-Tcf (T-cell factor;
a franscriptional activator) pathway and the pathway involving abnomnalites of DNA mismatch repair. These are importart, both in
inherited syndromes (familial adenomatous polyposis [FAP] and hereditary nonpolyposis colorectal cancer [HNPCC), respectively) and in
{c) cancers. Other less well defined pathways exist Expression of key genes in any of these pathways may be lost by inherited or acquired
mutation or by hypermethylation. The roles of several of the environmental exposures in the molecular pathways efther are estabished
(e.g., inhibition of cyclooxygenase-2 by NSAIDs} (d) are suggested (e.g., meat and tobacco smoke as sources of spedific blood-bome
cardinogens; vegetables as a source of folate, antioxidants, and inducers of detoxifying enzymes). The roles of other factors (e.a., physical
achvity) remain obscure even when the epidemiology is quite consistent There is also evidence that some metabiolic pathways, e.g., those
invoiving folate and heterocydic amines, may be modified by polymorphisms in relevant genes, e.g., MTHFR (methylenetetrahydrofolate
reductase) and NATT (Macetyftransferase 1) and NAT2. There is at least some evidence that the general host metabolic state can provide
a mifieu that enhances or reduces the ikkefihood of cancer progression. Understanding the roles of environmental exposures and host
suscepfibiliies in molecular pathways has implications for screening, treatment, survelllance. and prevertion.

{Cited from Pofter, J.D. Colorectal cancer. molecules and poputations. J. Natl. Cancar Inst. 91: 916-832, 1999)

Quesfons

1. List up risk factors and beneficial factors of colorectal cancer.

2. What does blood-home carcinogens mean?

3. Answer appropriate words for (a), (®), (¢) and (d), respectively.

c d.

4. What does e.g. mean?

5. Clarify the meaning of the sentence underfned starting with The roles.

6. Summarize the sentences underfined starfing with There is.
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