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%A (68 4) :

1. The a helix and the B strand are the two major elements of protein secondary structure,
describe the structure of o helix and p strand in detail. (12 2~)

2. Describe the principle used in salting out, gel-filtration chromatography, ion-exchange
chromatography, and affinity chromatography for separation of proteins. (12 )

3. The activity of enzymes must be regulated so they function at the proper time and place.

‘ Describe any three ways to regulate the enzymatic activity. (12 %)

4. The extraction of energy from fuels can be divided into three stages as described by Hans
Krebs. Illustrate the three stages in the generation of energy from the oxidation of]
glucose. (12 %)

5. Compare the following pairs of terms: (20 %~ B E4h)

S NN A S

SR BO =

EAHE (84 BA1H)
Match each amino acid on the left with the appropriate side chain type on the right.

Ly (245 BEAR)

(1) apoenzyme and holoenzyme

(2) intron and exon :

(3) type 1 diabetes and type 2 diabetes

(4) protein kinase and protein phosphatase

(5) standard free-energy change ( A\G®) and free-energy change (AG)

leucine (A) nonpolar aliphatic
lysine (B) nonpolar aromatic
glutamate (C) hydroxyl-containing
serine (D) sulfur-containing
cysteine - (E) imidazole-containing
tryptophan (F) acidic

histidine (G) basic

glycine (H) a single hydrogen atom

ubiquitin

phenylketonuria
gluconeogenesis

The Bohr effect

Edman degradation

substrate level phosphorylation
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=~ TR AMEETMN) » #7(K)8T 7018 91 B3 % % (acetylcholine receptor) ¥
HEMETHBEREN > RELEF DL TIIRA (20 %)

1 EERBAAY B bm o b B B Sb 3R T BERE B % 3B B BLAE B o T #4162 (5 %)
2. LEBMERRIER B RAUA T A B S ey s ta R B B 1T (15 %)

Li* 0.93 <0.01 0.87
Na* . 1.00 <0.01 1.00
K* | 009 100 1.1

— BHAEFRATE Sﬁéﬁé‘mfi KX TRERET 718 Si BRNEFOSEmE

FTRRETHBATHER - @M@

I FEATCHNMALERAENC L HERCLYE REROBIER - (15%)

2. FEAS N ERYPAERGICEN YT REBGER I LG LHBERE S S
RIEB| RSB ER - (15 %)

= TEIARELAM(A # Bty e B o R BB B K AF OM&E » HREL

BA T 7 FA8 ¢ (20 %)

1. FR9FE ST b &g o EER BIR° (5 %)

2. FERBFAIFIAKFG T 8 MARE BT LB — N NERFREN EBE)F A
RWRGEHES - (15 %)

A B

O,-poor blood N O,-poor blood N

O,-rich blood O,-rich blood
A AN

i Gill lamella Gill lamella

Water flow

Water flow " Blood flow Blood flow

™~ NBA MERFRAEDHPARBSEERE S 235452 38 5 0 RIBsLIKNE EAT

7148 1 (30 %)

I RERERGEHR & %%ﬁé"ﬁ $b75 B % (hormone) € & 4 4L (35 399 3% v
RIER) o (5 %)

2. BEFARIE —PEROLEYF AL NP Lo BERBRC LT
4 - (10 %)

3. LhEBRERAARET R HHI TR A O 4 4 0 A S TR T
BNy uai%ﬁa*ﬁ,ﬁﬂkﬂbﬁ%%l (15 %)
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Explam the following terms: phalynx slits, cladistics, neotype, polygyny, h1gh—aspect
ratio wings, zygodactyl, dynamic soaring, parotid glands, kinetic skull, hemipenis, -

- hemolyt1c Venoms operculum, g111 opemngs digitgrade. (28 pts)

Compae and contrast the teeth of mammal orders Monotremata, Mar sup1a11a Pumates
Rodentla Ca1111v01a and Artlodactyla (16 pts) -

Describe the morpholo_gy and function of the following feathers: contour feathers, down
feathers, semiplumes, bristles. (16 pts) :

D1scuss how amphibians pr: act1ce defense and escape f1 om pledat01 s? (14 pts)

~ Compare and contrast the followmg families of lizards: Gekkonldae 'Lacertidae,

Agmidae, Scincidae, and give one example of each in Taiwan. (16 pts)

Compare and contrast between Myx1m and Cephalaspidomorphi. (10 pts) -
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(FEFFLEAZE) miBdREREHEEL %X% SEYME YA ERYEE
CHEEIRENAL MERESWBELA LRMN - ﬁkﬁ%%é%%éﬁk@ﬁ

157 B A M (monomorphic) &, % & i(polymomhlc)/ g1t ? 7%’H'F* ?
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Answer the following questions on the ANSWER SHEET only:

1. Describe the contributions in immunolegy by which Bruce Beutler, Jules Hoffmann
and Ralph Steinman were honored as Nobel Prize winners? (10%)

2. Superantigens have been involved in several diseases and have been useful as research
tools. :
a. What properties of superantigens distinguish them from usual antigens? (10%)
b. By what mechanism are bacterial superantigens thought to cause symptoms
associated with food poisoning and toxic shock syndrome? (5%)
c. Does the activity of superantigens exhibit MHC restriction? Explain. (5%)

3. NK cells do not express TCR molecules, yet they bind to Class I MHC molecules on
potential target cells.
a. Explain how NK cells lacking TCRs can recognize infected cells. (10%)
b. What is the mechanism used by NK cells to kill target cells? (§%)
¢. From what precursor cells do NK cells arise? (5%)

4. Despite the fact that there are no licensed vaccines for them, life-threatening fungal
infections are not a problem for the common population. Why? Who may be at risk
for them? (10%) '

5. Scientific analyses of many antibody molecules bound to their respective antigens have
revealed that the CDR3 of both the heavy and light chains make contact with the
epitope. Sequence analyses reveal that the variability of CDR3 is greater than that of
either CDR1or CDR2. What mechanisms account for the greater diversity in CDR3?

(15%)

6. Recent discoveries explored the central role of TLR in innate immunity.
a. Draw and explain the basic structure of TLR. (10%)
b. Describe a signal transduction pathway of TLR which results in the generation of

inflammatory cytokines. (15%)
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12, 15,11, 17,16, 5, 14, 18, 21
(D)RERBAFA G EE—EnERBOFLHY - BEL  $ALH > Pad - F—mi
£ (Q) » (10 £)
()R B R SRR T H 0% AER - (8 9)

(2)d 95%e 15 AE MBRBHBTHHEFH 15 - (5 5)

@Auﬁza AR BN THBR > REW > a=005
~ R BRI AEARA — $§¥ﬁ3§§3%2%1@1éﬁ§iﬂ?ﬁvﬂr
EF—J’T#- n =217 x, =844 » 5= 154
EHm: np=11> X2—84’\”§g 1 8§ = 12448
BRORFLEFATESH > BFHBEELAR AR RBRESHMATHE? (24 5)

E~—EERRERE ﬁ§¢ R BREGHREAS A28 BT UERAAGE R,
2F &

XN

CEEYA ¥4 BEE FHFsA F
R (k) 484 B DG
®E (AR) A C F
e 1034 9

(—) ZBFERAZE GHEMEEL BT (18 5)
(D) FSDABZHEIC )
()38 BREIFMENT )

W R TEREBRREENTREIINERREONLE A ThHRIFFERFHTAA
MEAgEFRA:
S BHE fFi{E BRERE
b, 1 50.51 4.10
3 a 2.02 0.37
* =0.89
(m)RMEFERR BT (62)
(DR BERARLNEL REadEa=709)
CEBmE AT EREZHSEEFHG 645)
(m)R K48 Mg r(6%)
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T table with right tail probabilities
df\p 0.4 0.25 0.1 0.05 0.025 0.01 0.005 | 0.0005
1 - 0.32 1.00 3.08 6.31 12.71|  31.82| 63.66| 636.62
0.29 0.82 1.89 2.92 4.30 6.96 9.92 31.60}
3 0.28 0.76 1.64 2.35 3.18 4.54 5.84 12.92
4 0.27 0.74 1.53 213  2.78 3.75 4.60 8.61
5 0.27 0.73 1.48 2.02 2.57 3.36 4.03 6.87
6 0.26 0.72 1.44 1.94) 245 3.14 3.71 5.96
7 0.26 0.71 1.41 1.89 2.36 3.00 3.50 5.41
8 0.26 0.71 1.40 1.86 2.31 2.90 3.36 5.04
9 0.26 0.70 1.38)  1.83 2.26 2.82 3.25 4.78
10 0.26 0.70 1.37 1.81} 2.23 2.76 3.17 4.59
11 0.26 0.70 1.36 1.80 2.20 2.72 3.11 4.44
12 0.26 0.70 1.36| 1.78 2.18 2.68 3.05 4.32
13 0.26 0.69 1.35 1.77 2.16 2.65 3.01 4.22
14 0.26 0.69 1.35 1.76 2.14 2.62 2.98 4.14
15 0.26 0.69 1.34 1.75 2.13] _ 2.60 2.95 4.07
16 0.26|  0.69 1.34 1.75 2.12 2.58 2.92 4.02
17 0.26 0.69 1.33 1.74 2.11 2.57 2.90 3.97
18 0.26 0.69 1.33| 1.73 2.10 2.55 2.88 3.92
19 0.26 0.69 1.33 1.73 2.09 2.54 2.86 3.88
20 0.26 0.69 1.33 1.72 2.09 2.53 2.85 3.85
F Table for right tailed alpha=0.05
df2/df1 1 2 3 5 6 7 8 9 10
1 161.4] 199.5| 215.7| 224.6] 230.2| 234.0/ 236.8/ 2389 240.5 241.9
2 18.5 19.00 192 19.2; 193 19.3 194 194/ 194/ 194
3 10.1 9.6 9.3 9.1 9.0 8.9 8.9 8.8 8.8 8.8
4 7.7 6.9 6.6 6.4 6.3 6.2 6.1 6.0 6.0 6.0
5 6.6 5.8 5.4 52 5.1 5.0 4.9 4.8 4.8 4.7
6 6.0 5.1 4.8 4.5 4.4 43 4.2 4.1 4.1 4.1
7 5.6 4.7 4.3 4.1 4.0 3.9 3.8 3.7 3.7 3.6
8 5.3 4.5 4.1 3.8 3.7 3.6 3.5 34 34 3.3
9 5.1 4.3 3.9 3.6 3.5 3.4 33 3.2 3.2 3.1
10 5.0 4.1 3.7 3.5 33 3.2 3.1 3.1 3.0 3.0
11 48/ 40, 36 34/ 32/ 31 30 29 29 29
12 4.7 3.9 3.5 33 3.1 3.0 29 28 2.8 2.8

e N e

e
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F Table for right tailed alpha=0.025 7‘
df2/df1 | 1 2 3 4 5 6 7 8 9 10

1 647.8| 799.5| 8642 899.6] 921.8] 937.1| 9482 956.7| 963.3] 968.6
2 38.5|  39.00 392 392/ 393 393 394 394 394 " 394
3 17.4)  16.0 154 1 .1 149/ 147 146 145 145 144
4 12.2]  10.6] 10.0 9.6 9.4 9.2 9.1 9.0 8.9 8.8
5 10.0 8.4 7.8 7.4 7.1 7.0 69 6.8 6.7 6.6
6 8.8 7.3 6.6 6.2 6.0 5.8 5.7 5.6 5.5 5.5
7 8.1 6.5 5.9 55 5.3 5.1 5.0 4.9 4.8 4.8
8 7.6 6.1 5.4 5.1 4.8 4.7 4.5 4.4 4.4 4.3
9 7.2 5.7 5.1 4.7 4.5 43 42 4.1 4.0 4.0
10 6.9 5.5 4.8 4.5 42 4.1 3.9 3.9 3.8 3.7
11 6.7 5.3 4.6 43| 4.0 3.9 3.8 3.7 3.6 3.5
12 6.6 5.1 4.5 4.1 3.9 3.7 3.6 3.5 3.4 3.4

g
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— ~ B4R ¢ 58 2 4 (10 points) :
For the following enzymes involved in DNA replication indicate which activities from the
right-hand Activities column match. Note there may be more than one activity that
matches a particular enzyme so list as many as apply, also each enzyme will have at least
one activity

9. Loss-of-function mutations are usually recessive. .

Enzymes , Activities
1. DNA polymerase 111 A. DNA template dependent
2. Ligase B. breaks hydrogen bonds between base pairs
3. Primase C. 5’ to 3 DNA polymerase
4. Helicase D. 3’ to 5° exonuclease
5. Telomerase E. 5’ to 3° RNA polymerase
F. joins two DNA fragments
H. requires an RNA primer

=~ RJEA  EBAMBEE (0) ) FRAEELEFE (X) » %4 2 4 (20 points)

1. Epigenetic inheritance is the transfer of information that is not based on DNA sequence
from parent to progeny.

2. An open-reading frame is a long stretch of nucleotide sequence that contains no chain-
terminating (stop) codons.

3. About half of the human genes identified by sequencing can be assigned a function by
homology to previously characterized genes, and the other half represent new genes of
unknown function.

4. Analysis of single nucleotide polymorphisms (SNPs) may enable physicians to tailor

treatment strategies to match the genes of individual patients.

. The consequences of errors in transcription are less than those of errors in DNA replication.

6. The differences in the patterns of proteins produced in different specialized cell types are
accurately reflected in the patterns of expressed mRNAs.

7. Many gene regulatory proteins in eucaryotes can act even when they are bound to DNA
thousands of nucleotide pairs away from the promoter that they influence.

8. By far the most important advantage of cDNA clones over genomic clones is that they can
contain the complete coding sequence of a gene.

(94

10. If two mutations have a synthetic phenotype, it usually means that the mutations are in
genes whose products operate in the same pathway.

ZREM B -EEESEER ) 582 4 (40 points)
1. A gene can be defined as a segment of DNA that codes for
(2) a protein. (b) a functional product. (c) mRNA.
(d) mRNA or rRNA. (e) mRNA, rRNA, or tRNA.
2. Introns can encode
(a) small nuclear RNAs. (b) microRNAs. (c) sequences that control RNA processing
(d) All of the above. (e) None of the above.
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. Telomeres are

. To sequence the human genome, the International Human Genome Sequencing Consortium

. The main difference between the genomes of the bacteria Haemophilus influenzae and E.

. Bioinformatics is defined as

. Polytene chromosomes

. Partial digestion of chromatin with micrococcal nuclease was found to yield DNA

: , RE3% ¢ 4033
t8 o S tRABEEIF RES - LaE
HE:HTAENE [AHABLTETEES - LaEH] 5 4F B 2;
3. Synthesis of different proteins from the same gene is due to
(a) intron shuffling.  (b) exon shuffling. (c) alternative splicing.
(d) exon splicing. (e) alternative transcription.

(a) microtubule binding sites in the center of chromosomes

(b) chromosome structures that form during telophase.

(c) sites at the ends of chromosomes where DNA replication begins.

(d) chromosome end structures required for complete replication of linear chromosomes.
(e) sites at the ends of chromosomes where microtubules bind.

(a) used the shotgun approach to sequence fragments and assemble them in order using
overlaps between the sequences.

(b) used BAC clones as substrates for sequencing.

(c) sequenced cloned DNA and then mapped it by FISH.

(d) All of the above

coli is that

(a) the genome of H. influenzae is a c1rcu1ar molecule and that of E. coli is linear.

(b) the H. influenzae genome encodes a larger number of genes.

(c) a higher percentage of the genome of H. influenzae contains genes encoding proteins.
(d) the genome of E. coli is approximately three times the size of H. influenzae.

(a) an electronic copy of genomic sequences that is exchanged between scientists across the
world.

(b) a quantitative understandmg of integrated dynamic behavior of complex biological
systems and processes.

(c) a field of biology that lies at the interface between biology and computer science, and is
focused on developing the computational methods needed to analyze and extract useful
biological information from the sequences of DNA.

(d) the systematic inactivation of each gene in the genome by homologous recombination.

(2) are Drosophila chromosomes present in hundreds of copies and aligned in parallel.
(b) are a pair of homologous Drosophila chromosomes aligned side by side.

(c) are visible by light microscopy due to their highly condensed nature.

(d) can be stained to yield bands that correspond to 200 kilobases of sequence.

fragments approximately 200 base pairs long. What accounts for this phenomenon?

(a) The low pH environment of the nucleus renders the nuclease able to cut only in 200-
base-pair increments.

(b) The nuclease cleaves at specific DNA sequences that occur every 200 base pairs in the
genome.

(c) This is a random phenomenon, and its significance is unknown.

(d) This result suggests that the binding of proteins to DNA in chromatin protects regions
of DNA from nuclease digestion.

e e
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11.

10.

12.

13.

14.

15.

16.

The wobble hypothesis predicts that codons coding for the same amino acid
(a) may differ at the first position (b) may differ at the second position
(c) may differ at the third position - (d) may differ at the first two positions
(e) may differ at all three positions :
A nonsense suppressor mutation is a mutation
a) that alters the reading frame
b) that changes the amino acid sequence of the gene product
c) that creates a termination codon
d) inatRNA gene that allows it to recognize a termination codon
e) that allows a ribosome to bypass termination codons -
Transposons, or jumping genes, are DNA elements that move within the genome. In
which organismic groups are transposons found?
a) bacteria b) eukaryotes ¢) mammals
d) ancient bacteria e) all organismic groups :
An aminoacyl tRNA synthase " *™ is mutated so that it now attaches the amino acid
glycine to the tRNA "™ instead of valine. What will happen at translation?
a) There will be glycines at all valine positions and valines at all glycine positions.
b) There will be valines at all glycine positions and glycines at all valine positions.
¢) There will be valines at all glycine positions and at all valine positions.
d) There will be glycines at all glycine positions and at all valine positions.
e) There will be no translation.
During bacterial translation initiation, the mRNA
a) binds to the large subunit
b) is oriented so that the AUG start codon is in the A site
¢) only binds f-Met tRNA after the entire ribosome has been assembled
d) is oriented by its Shine-Delgarno sequence through base-pairing with an rRNA
e) requires ATP hydrolysis for binding to the rtbosomal subunit
A major difference between the E. coli lac and ara operons is that
a) the substrate of the enzyme coded by ara is not the inducer
b) the ara regulator protein interacts with two regions of the operon
¢) ara does not have a CAP-binding site
d) ara is expressed constitutively
e) ara does not have an operator site

A protein causes the acetylation of histones. What affect do you think this will have on a

gene in that region?

a) It will cause a decrease in expression.

b) It will cause an increase in expression.

c) It will cause the methylation of that DNA.

d) It will permit DNA replication only, but will silence the gene.

e) It will only change the chromatin structure, with no effect on gene expression.
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17. The advantage of RNAI over other functional genomic techniques is that
a) RNAIi does not affect any gene but the targeted one
b) other techniques cannot target single genes
¢) other techniques cannot make specific mutagenic changes
d) RNAI introduces no mutations to the organism
e) All of the above
18. A mutation in one gene that counteracts the effects of a mutation in another gene is known

as a
a) temperature-sensitive mutation  b) recessive mutation  ¢) conditional mutation
- d) suppressor mutation e) nonsense mutation.

19. Which of the following clusters of terms applies when addressing enhancers or silencers as
elements associated with eukaryotic genetic regulation?
a) cis-acting, fixed position, fixed orientation
b) trans-acting, fixed position, fixed orientation
¢) cis-acting, variable orientation, variable position
d) cis-acting, variable position, fixed orientation
e) trans- and cis-acting, variable position
20. Under strictly controlled conditions, a probe can be used that will hybridize only with its
complementary sequence and not with other sequences that may vary by as little as one
nucleotide. What are such probes called?
a) generation-specific probes b) short, variable repeats ¢) VNTRs
d) microsatellites e) allele-specific oligonucleotides (ASOs)

™ ~ &2 (30 points)

1. What is the difference between telomerase in cancer cells and telomerase in normal somatic
cells of an adult, and what is the significance of that difference? (5 points)

2. What does the term “ replication licensing” refer to in the process of eukaryotic DNA
replication? (5 points)

3. Describe briefly the maturation of eukaryotic mRNA transcript, i.e. what is the
posttranscriptional processing of eukaryotic mRNA transcript. (5 points)

4. (a) List three major structural classifications of DNA-binding domains that are found in

eukaryotic transcription factors. (3 points)
(b) Name three consensus sequences or modular DNA sequences that exist upstream from
the coding regions of some eukaryotic genes. (3 points)

5. Assume that a plasmid (circular) is 3200 base pairs in length and has restriction sites at the
following locations: 400, 700, 1400, 2600. Give the expected sizes of the restriction
fragments following complete digestion. (4 points)

6. Nucleotide excision repair (NER) occurs through two distinct mechanisms; what are these,
and how do they differ? (5 points)
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. aggregate fruit (4 47)

. allopolyploidy (4 4°)

. cladistics (4 %)

. founder effect (4 %°)

. apomixes (4 4)

. biological species concept (4 57)
. haplotype (4 %)

. carpel (4 %)

. disjunction (4 %-)
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1. Butrophication (5 %)

2. Ecological efficiency (5 %)
3. Acid deposition (5 %)

4, Fecundity (5 %)

I P58 > 2804 (80%)

5. Discuss and explain the distinctiveness of biodiversity in Taiwan. (20 %)

6. What are the short-term and long-term effects of carbon dioxide increasing in
the atmosphere? (20 %)

7. Discuss major factors in deep that will affect interspecific competition of two
species. (20 %)

8. Discuss and explain relationships of primary producers, consumers and
decomposers related to food webs and ecosystems. (20 %)
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1.

— ~ Please answer the following questions (100 points)

Please explain the following terms: (30 points)

Abscission layer; bulk flow; casparian strip; circadian rhythm; climacteric fruit; vivipary;
cytoplasmic male sterility; microRNA; thigmotropism; arenchyma.

. Plant root gravitropism is affected by the columella cells of root cap and is associated with

auxin transport and distribution. Please explain the possible mechanism for root
gravitropism. (10 points)

. Triple response consists of inhibition and swelling of the hypocotyls, and exaggeration of]

the apical hook in Arabidopsis. Ethylene is the key regulator of triple response. Please
explain how ethylene mediates triple response in germinating seedling. (10 points)

. In deep-water rice, plant growth regulators including ethylene and GA have been implied

in association with the promotion of stem elongation during flooding. Please provide the
possible explanation for the flooding-mediated promotion of stem elongation in deep-
water rice. (10 points)

. Abscisic acid (ABA) and blue light are two key regulators associated with stomata closure

and opening, respectively. Please explain how ABA and blue light affect stomata closure
and opening. (10 points)

. Please explain (a) what is photorespiration? and (b) why Cs; plant exhibits higher

photorespiration compared to C4 and CAM plants? (10 points)

. Plant roots absorb mineral nutrients from soil. Factors including soil particle (size and|

charge), soil pH, soil mycorrhizal fungi and proton excretion from root system may affect,
soil mineral nutrient availability and absorption. Please explain how these factors affect
soil mineral nutrient availability and absorption. (10 points)

. Plants generally have to develop different defense mechanisms against biotic stress for

survival. Systemin, jasmonic acid and proteinase inhibitor have been indicated to play
important roles against herbivore damage in local and systemic leaves. Please explain how
plants defense themselves against herbivore damage. (10 points)
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1. Compare and contrast the structure of prokaryotic 70S ribosome and eukaryoti¢c 80S
ribosome. (10%)

2. What would happen if you omit the mordant step in Gram staining. Explain why. (10%)

3. (1) What is a nosocomial infection? (5%) (2) Name the top 3 most common types of
nosocomial infections. (5%)

4. 'What is wrong with this statement: “Prior to vaccination, the patient’s skin was sterilized
with 70% ethanol”? What would be more correct wording? (10%)

5. HIV attacks only specific types of human cells, such as certain white blood cells and
nerve cells. Please explain why a virus can enter some types of cells but not others?
(10%)

. |6. Compare and contrast “fermentation” and “anaerobic respiration”. (15%)

7. (1) What is an Hfr cell? (8%) (2) What would happen after an Hfr cell conjugated with an
F cell? (7%) _

8. (1) Draw a brief figure to illustrate the nitrogen cycle. (8%) (2)Briefly explain the
following terms: (a) ammonification (3%), (b) denitrification (3%), (¢) nitrification (3%),
and (d) nitrogen fixation (3%).
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