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2.8 lalvainiasiu waglsaRamils epidermolysis bullosa simplex 59
3 \Woruiwaduaznsuudesns 69
3.1 1A59a574 fluid mosaic model phospholipid bilayer, 20
cholesterol e membrane proteins
3.2 M3vuduUNlgnd s 75
3.3 n1svuduUlInanuy 83
3.4 nsvudslaanalve) 94
3.5 FouTousENINNTad 104
4 nsuUaaduainInsivas 124
4.1 3)Inswad Gy, S, Gp waz M phase 125
4.2 NM3PIVALIINTEaE cyclin, CDK, p53 wag Rb 131
4.3 lalnda (Mitosis) prophase, metaphase, anaphase Way 137
telophase
4.4 lalada (Meiosis) 144
5 aidaitugnu (Feulssgnieinie) 173
5.1 LﬁaL?jaqﬁa (Epithelium) simple AU stratified, 173
squamous/cuboidal/columnar
52 LﬁaL?j@Lﬁlmﬁu (Connective tissue) loose, dense, cartilage, 180
bone ez blood
5.3 LﬁaL?jaﬂéﬁmﬁa (Muscle tissue) skeletal, cardiac wag 189
smooth
5.4 \fodeusyam (Nervous tissue) neuron Wag glia 195
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#daga8 (Subtopics) i
E-i'm‘ﬁ 2 aaﬁﬁwmuazﬁuqmaﬂ% (Molecular Biology and Genetics)
TA398519 DNA uag RNA

1%

6.1 psAUsTNaUvBsiImalelng Wina (deoxyribose/ribose),
eans ay Lwa

6.2 DNA double helix M33uUf A-T (2 H-bond), G-C (3 H-bond),

antiparallel 5—>3" lLlag major/minor groove
6.3 Usekanuad RNA mRNA, tRNA, rRNA, microRNA wag IncRNA

6.4 n159AL589 DNA Tulasluleu (eukaryote) histone (H1, H2A,
H2B, H3, H4) nucleosome wag heterochromatin fiu

euchromatin
o a <
N1591809ALOULD
7.1 nalnuazioulasidfry
7.2 MsveNLTLALEUL (DNA repair)

MInensREkasnIsuUIIUNSIBWe

8.1 msmamﬁﬂugmﬁam RNA polymerase Il, promoter (TATA
box) Wag transcription factors (TFIID)

8.2 1A59a5198U intron Wag exon
8.3 miLL‘Uigﬂm%LSuLa (RNA processing)

8.4 15lulwl (Ribozyme) wag RNA world hypothesis

n1suUasiid (Translation) wassianugnssy
9.1 1398519 tRNA uag aminoacyl-tRNA synthetase
9.2 Islulan (305+50S Tu prokaryote; 405+60S Tu eukaryote)
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9.5 y1UfFusNdudinsulasia

10 N13AUANNITUENIDBNUDIEY (Gene Regulation)

10.1 Tu prokaryote lac operon, trp operon (negative Ha

positive control)

10.2 Tu eukaryote

10.3 Non-coding RNA microRNA iag siRNA
11 WugAansAaadnuazgULuuNIsanenen

11.1 NUaLLUAG NYNTUEN, NYNITIATEDATE — NTNARDS
i

11.2 sUiuunsanenentulyyd

11.3 Wugemansalsidulunuumnina

11.4 MTUATINAWUNARTENA (Pedigree analysis)

12 swugamansuszvnsuazladenisiugnssy

12.1 Hardy-Weinberg equilibrium p? + 2pg + o? = 1 (ﬁ'auh
by msv-ﬁ’wmmmmﬁlwmz)

12.2 ademasuudasanuddada n1snaneiug n1sAnideniag
53TUVIA N5NEN (gene flow) NSiRBUABENINTUTNITY

(genetic drift) wag N5 kildunaniug
12.3 nMsmuuaudgdulsamaiugnysy
13 nalulagWugaansuaznisussgndnianisunng
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13.2 Gel electrophoresis &g restriction enzyme
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#1508y (si@)
#dagae (Subtopics)
133715180 UALOULe (DNA sequencing)

13.4 CRISPR-Cas9

13.5 n15UUnAnIBU (Gene therapy)

2yl Inevauise (Molecular Oncology)

14.1 Proto-oncogene Lag oncogene (Ras, Myc, Her2/neu)
14.2 Tumor suppressor gene (p53, Rb, APC, BRCA1/BRCA2)
14.3 Ypdnsiwadiinund

14.4 Telomere Wag telomerase

14.5 nannsnsiaiaduszauluanaluuzi3s (liquid biopsy waz
CtDNA)
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finlusdedaarinanudnlaunii?

Tugrughiummeviedidnuiineimaninsunmd msdlafieud "deo" voduana
dulsiifisane uinudeadila "amw1vesdin’ (Language of Life) fisiuaglunnonaes
$umsuyed undl 1 dWisuiaiounnyuanenusniilalugarudilainiunesnuanga
(Homeostasis) LilsognslssimufizomanifiBoudgusmsmas

AMUEIAYRaNsInsEURTULWNG

'
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1) neifedeiiutiugr anudilaluanauifveniuagdidninsladfefugiuddyiian
YBINIIINNITAITAUAAVBLUaIbUI19N1e (Fluid & Electrolyte Balance) Fadu
vinwziumddedldnfulunsguagtaeing (Critical Care)

2) msdilawersiudia (Pathogenesis) Tsadulnafiiuyudinde lidiasduuimiu
@nenuRaunAvesasiulawnse), vasmdonrita (@1nbusiv), MSeAuRaUnRNIg
#ugnssn (1nlUsAuuaznsaianadn) dudeaiEuduanauRaundluszduluiena
finnutdagldidousi

3) nsdndulantendiin (Clinical Reasoning) Wieaaitilanalnidsdnvesluiana A
agliiifiosun viead1” Yeya usgaazamnse sz I8y luerviandsded
natnafes vserhlunsdsuwlaadisndntosvess pH ludondsdmaiiowsse
Fineaele

g a2 ' & ! b a ' & A ny " ' & Y
nsyiugunudansdbuuni asdglinanudsuniuainnsiuies disew" ldnsdu 'y
fAnudedngy” Nanunsaelemguiluiesssuindumsinwidiieludinaselaegied
Usgdndnm

1.1 W1 dvihazaeanakazsunumluufizenduadl (dehydration synthesis
hydrolysis)

ad

11 (H20) \Julaanafifitn (polar molecule) iaanneandiauiidianinsiunifings
n118lasiau danaliiinuselalasiau (hydrogen bond) seninsluanauisieiuiasiu
Lanaguniivvseusey
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AENURNFIAYNIINITUNNE

& ANYANTBUTUMIEES (4.184 J/g°C) — Snwgaumaiisramelviaai
Anufouwivainisnateulegs (2260 J/g) — semewRetisangumgll

L

(%
[

e Juivhazanefifdmsuansidn ( hydrophilic) wazlessu waldazasanslulidn
(hydrophobic)
& 1 pKa 2031 ~ 14.0 (7 25°C) 15F HT way OH™ TuuSwasdesuan (1077 M)

U

2D
)]
an)

81 dehydration synthesis (condensation)

Juufseniiieniusslariaudszninduluwes 2 1 lnevasein 1 luana
& intulunszuiunsadmedwesnedinin weduwinanlsed (annglea) Wi (31n

&

al a aa a = 2
nsnezily) warnsntinddn (Andedlalng)
& Apdlinaseu (endergonic) wagonfaioula

U

fam))
)]
an)

81 hydrolysis

Juufisernsedn 14 1 lwanadaiuszlaaudlunediues

L

& AnTulunszuiunsgorems (digestion) lnatoulwsiunazaiin (amylase, protease,
nuclease)

< aaa [y . <@ 1
& UUUHNNILINYNENU (exergonic) LaNUDE

NANNITHILNG

(1) Fannn15sUa suudasngeeny 1w dehydration synthesis §aslindae1u (ATP)
Tuwa? hydrolysis Tindanudaszidnides Alusrsmefieduindouujizendusiiu
coupling)

(2) Kunafiamsvastih tgnUdeseenuifioasrsiuse grlfidoaaeiuse

(3) dunanisiUdsundasan pH U381 hydrolysis ¥@4 ester #58 amide bond 813
Ugos H* wie OH™ Tuiulassadsansody

Anuiaad1eautnlaLdean

(1) wnlaUre9ia1nia (dehydration) sdAua1u15alunIsAIVANEUNYHNT19NY

A

anas? MaU W1zl heat capacity g9 Wauilusanigan ANUENTalUNSAATU

Y

mm%@u@hmﬁuamaa)
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2 wineulsTumaduemnshauluanefdunsaniesauwansiaiy vilunisges
&7 hydrolysis Sadfaiintuld? mou teulvslusazaiing optimum pH Aikansadiy
U pepsin 7 pH 2.0, trypsin # pH 8.0)

(3) mslkasimmasadens (V fluid) iy hypotonic, isotonic %38 hypertonic
éf’uﬂ’uﬁ‘ﬁ’u@mamf@ﬂ’riaaaim%asuamfwaa'wli? nou tiedoufii semipermeable
membrane 31NU3Ia7A solute concentration G?’]lﬂ@ﬂ 21l hypotonic 13?%?51@
wad ¥ilsfuau &1 hypertonic thazesnanwad vileadiiier)

AW#1.1 nmUFATeEN Dehydration Synthesis wag Hydrolysis waslaudnanlsd

nsuaadunnsau (Big Picture)

ndufnansves §izenaunuedduisnunlusianie

nsdaAsIzilusiu lnalalau DNA/RNA @edly dehydration synthesis
nsgaroIMITLarNITaauasluLaa (catabolism) @asld hydrolysis
AuANRaYEITuT1Ne (fluid balance) muANlABSEUY renin-angiotensin-
aldosterone, ADH iag thirst center

m’mﬁﬂﬂﬂﬁmaqauqaﬂéwﬁﬂﬂquw hyponatremia hypernatremia edema,
0Nz 49N91N hypovolemia
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MNN 1.2 Msndeuivesirudeinwadlun1g isotonic hypotonic Wag hypertonic
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1.2 anslulawnsn luluugnanlsa (nalaa waz Winlag) laudinanlse (glase uwazuanlng)

a s 1 = 4
wadugnalsa (uds lnalalay uasiwaglas) n1sdesuazn1sgadulunanisunng

Taluugnalss (Monosaccharides) qmﬁ"q‘lﬂﬁa (CH20)p, n=3-7

ngiﬂa (Glucose; CgH1206)

« Salaenlua (aldose) Ivyjdadlend C1

V-1 1umiazawa§1ugﬂ cyclic pyranose (60% alpha-anomer ag 40% beta-
anomer ﬁauaa)

& P specific rotation [o]D2° = +52.7° (mutarotation)

ANUNTUUNRLULGDA fasting 70-100 me/dL (3.9-5.6 mmol/L)

& QnuudNdIgwads1u GLUT (facilitated diffusion, GLUT1-14) #3e SGLT
(secondary active transport Tulnuazanld)

&

W3nlad (Fructose; CgH1206)

& Alawnlua (ketose) TuyAlauil C2

- mm‘ﬁqm (sweetness index 1.7 \iguriu glucose 0.7)

& Qmmmmiyﬁ' fuldundn (fructokinase — fructose-1-phosphate —>
DHAP + glyceraldehyde)

laugnalsa (Disaccharides) - Tulundnalsd 2 Aaduiudae glycosidic bond

o . o ‘. A
U 29AUs¥Nau NWUSS Laulle?jﬂﬂaﬂ
AU
VIGEG! nglag + 13N a-1,B- sucrase 0
(sucrose) g 2 (isomaltase) '
wanlna nuantva + 514 lactase (B- 0
(lactose) nglaa ’ galactosidase) '
Lealna maltase (a-
nglad + nglad o-1,4 , 0.3
(maltose) glucosidase)
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waauwdnAlsa (Polysaccharides)

N1580Y
P2 ¢ o N9 v A
¥d 29AUsznaU WUSS " HKUN Tne
WANNY .
UYw
a-1,4
(amylose) + A PRI v
wilq Y X gould (a-
D-nalad a-1,6 25-30 avally
(starch) v , , - amylase)
(amylopectin, %1128 NY
5% branch)
PRI
~ avauly
AN . .
Lnalaau a-1,4 + a-1,6 X am7 (fy v
D-nalea 8-12 goele
(slycogen) v (10% branch) , 100g,
WU v
AL
400g)
1A598519 Uywitay
waalad et o o " o
v D-nalad B-1,4 1aifiAa NY (W13 Taila (e
(cellulose) v P
ag) cellulase)

N138ELaTN1IAATY (Digestion & Absorption)

(1) Tuunn salivary a-amylase (ptyalin, optimum pH 6.7-7.0) g8 starch Wy maltose
+ maltotriose + limit dextrin (gagldaumnils ~5-10% feudnszing)

(2) Tunszwng pH 1.5-35 Fus amylase (degradation)

(3) Tuanldidndaudu (duodenum) pancreatic O-amylase (pH 7.1) €88 starch sie

Ju oligosaccharide
(@) 9 brush border (enterocyte)

> a-glucosidase (maltase) maltose — 2 glucose
> oa-dextrinase limit dextrin — ¢lucose
» Sucrase sucrose — glucose + fructose

> Lactase lactose — glucose + galactose
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(5) MsaATuLng enterocyte

> Glucose wag galactose WU SGLT1 (Na*- glucose cotransporter) i
apical membrane

> Fructose WU GLUTS (facilitated diffusion)

> 98NN enterocyte L‘fﬁgj bloodstream 11U GLUT2 (basolateral

membrane)
Uszumensunndfnandgy

& Lactose intolerance 919 lactase WU 65% V03Usz¥INTLaN 91N15V1D99A TOdY
W& (osmotic diarrhea)

& Diabetes mellitus hyperglycemia — glucose Tuilaanig (glucosuria) e blood
glucose >180 mg/dL (renal threshold for glucose)

& Glycogen storage diseases (GSD) Iiﬂmﬂﬁuqﬂismﬁm@Lauienﬂul,mLL%U@%%ulﬂa
1AL (11U von Gierke disease type | 91 glucose-6-phosphatase)

& Starch N15MA@aU iodine test (BUTu-Aa1nsy amylose, Y1n1aun @y

amylopectin)

NANNIFAILNG

(1) §enanisideudassansazateiu iodine wilslwdunisu-s (complex iodine -
amylose helices) lnalaauliaimauns cellulose luifind

(2) dunanisuyuszunrunadlnanlsd Glucose mutarotation (alpha form [alD +112°
— equilibrium +52.7°, beta form +18.7°)

(3) dunaufi3e1 Benedict's %38 Fehling's (MAEBULIANA3A%) Monosaccharide
Lay disaccharide Vldlﬁ hemiacetal 8a5¢ (lactose, maltose) T3 positive; sucrose
(laifl hemiacetal dasy) 191 negative L’QJJULLm'Qﬂ hydrolysis nau

(@) Funnen1snendin vossn wasinuy — dnde lactose intolerance; polyuria,

polydipsia — #nfls diabetes mellitus
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° - Y % a =
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vlsthmanignlpadadian glycemic index sntnglea eiidiarummiugsnin? oy
wgnlnagnaadunu GLUTS wazgninisangyisuidundn linszdu insulin Tnense
laiti1u phosphofructokinase regulatory step)

mnUIevInteulaesl sucrase-isomaltase sziAnerlstuiofuusemu sucrose? uay
n35nwinegels? meu sucrose lignees — osmotic diarrhea 19480 gas (31N
fermentation lng gut bacteria) Snwnlaeen sucrose i enzyme replacement 7390
14 dietary restriction)

winlowwaglaadefiusslovilugiue dietary fiver usfinuyudazgoslili? nou 1w
bulk IUQ%H% ﬂiwg]:u peristalsis aﬂmi@ﬁ%u cholesterol U3l constipation
wag diverticulosis; gut bacteria &' 88 U19@ 1uLU W SCFA (acetate propionate
butyrate))

Tunsshwnnzimaludonsi (hyposlycemia) msﬂm?ﬁLLuzﬁ%fwaiﬁm%ﬂqiﬂa
dnunnininianae (sucrose)? nou nalaagadldlaglifesdes 151 sucrose
oY sucrase fiow)

AULANANTENINNIATIASNS glycogen wag starch dANdIAtsoN1TAYAUNG 19U
9814157 MU glycogen @l branching 11nn31 (NN 8-12 nuae LUy 10 25-30
#u18) vilid terminal glucose molecule 11T — @13158 mobilize glucose
181501 wanziumsmevaussessiuimaiasuulandy)

il 1.4 Tassaframandvedulundnalsd 3 vdin nalaa nuaniva wagvsnlng
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dl 1 = a
a1wn 1.5 mﬁaaaLLazms@mumﬂﬂamsm’lumqmum‘mi

A 1.6 Tassasalnalaauuazisinu (glycogen branching)

<, & v v
N15UBIUUNINIINVIUUDNINIVB 1.2

ASTUlaLn s UL NaINS 1 UNSNYDI519NE

nalaadu fuel fiawes (4 ~120 ¢/3u) waz RBC (14 ~30 /)
|
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mimuamzﬁ’uﬁmmimﬁamim insulin (] glucose), glucagon (T glucose),
epinephrine (T glucose), cortisol (T glucose)

m%‘@m%uﬁﬂ‘dﬂa (malabsorption) — osmotic diarrhea, malnutrition

15A metabolic syndrome, type 2 diabetes LﬁIEJ’J‘ngJENﬂUUﬂﬂiﬁy@ insulin e
carbohydrate metabolism

Glycosylated hemoglobin (HbA1c) 1%’§mmfmmsmuquﬁéwmaLaé'?'a 3 LA0U
(Un# < 5.7%, prediabetes 5.7-6.4%, diabetes > 6.5%)

1.3 ann lnsnawelsn WaalWane afiesesn (ADLAHLADIDA AT J051UU) AUTUNUS

LY = < .
ﬂ‘UI’iﬂ‘WaaﬂLaaﬂ HYLLasn statin

Ada (Lipids) Aeanstiluianadililavaiein (hydrophobic) wiazangludiinazaie
dun38 (WY ether chloroform wag benzene)

1) lmsndwelsa (Triglyceride 3@ triacylglycerol)

1A9a519 glycerol (C3H803) + nsalusiu 3 @3 (ester bond)
nsalusiu (fatty acid)

& Saturated (lu'sT C=C) palmitic acid (C160) Lag stearic acid
(C180)
& Monounsaturated (1 C=C) oleic acid (C181 A®)
& Polyunsaturated (=2 C=C) linoleic acid (C182 A°12) uay a-
linolenic acid (C183 A®,12,15)
& Essential fatty acid linoleic acid (omega-6) hag Ol-linolenic
acid (omega-3) — s19Measlala
windl nEsuazaNnan (9 keal/g) auruanudeu Jeafuusinszunn
nsvudqluldon a&ﬂu lipoprotein particles (chylomicron VLDL IDL
LDL wag HDL)
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2) woadlWadfin (Phospholipid)

Tnsaa$1a slycerol + nsalusiu 2 § (C1, C2) + phosphate group 7 C3
+ head group (choline, serine, ethanolamine, inositol)
YUANAN
& Phosphatidylcholine (lecithin) - & 2ulng/ Tuld e v uivad
surfactant Tuten
& Phosphatidylserine — ﬁﬂizﬁ;a‘u i1 role Tu apoptosis signaling
& Phosphatidylethanolamine
& Sphingomyelin (i1 sphingosine uynu glycerol) - Tu myelin
sheath
i Ju structural component suaal,?jaﬁ:m%a‘ (lipid bilayer) ansde
3]

[

dnynynad (second messenger LU IP3 ay DAG)

o

3) @fgsasn (Steroids)

flassaieiiugucyclopentanoperhydrophenanthrene (4 23 A,B,C,D)
AoLaEWaIea (Cholesterol, Co7H460)

& Ju steroid alcohol (@ OH 71 C3)

e FuATIEAlUAU (~1 ¢/ uazlasuanne s (~0.3 g¢/3u)

& yifl drmvsznevveaderiuwad (munn fluidity) precursor 484 bile
acid vitamin D W@y steroid hormones

& N15YUd 9 LDL (deliver cholesterol to tissue) wag HDL (reverse
cholesterol transport ndusiuLiiaran)

gosluuaLfasasn (Steroid hormones)

Glucocorticoid (cortisol) @%14i adrenal cortex (zona fasciculata) AUAY
metabolism Wag immune response

Mineralocorticoid (aldosterone) @514l adrenal cortex (zona glomerulosa)
AIUA Na* /K" balance

Sex hormone estrogen, progesterone, testosterone — a%’wﬁ gonad Lay

adrenal cortex (zona reticularis)
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AMuFUNUSAUlsAaanLaanLde (Atherosclerosis)

naln LDL oxidation Tu intima waswasndon — nszsu macrophage linateilu
foam cell (Au oxidized LDL w1 scavenger receptor) — avaudy fatty streak
—> smooth muscle cell proliferation — fibrous cap — plaque rupture —
thrombosis (MI 1ag stroke)

Yadades hish LDL (>130 me/dL) low HDL (<40 me/dL Tuwe <50 me/dL Tu
74) hypertension smoking diabetes wag family history

n157m lipid profile Total cholesterol (<200 me/dL desirable) LDL (<100
optimal <70 high risk) HDL (>60 protective) Wag triglyceride (<150 normal)

81 Statin (HMG-CoA reductase inhibitors)

naln guﬁgﬁ HMG-CoA reductase a8 rate-limiting enzyme Tu cholesterol
synthesis (mevalonate pathway)

$181 atorvastatin simvastatin rosuvastatin Wag pravastatin

Ma | LDL 20-55% | TG 10-20% Waz T HDL 5-10%

NaT19LABY myalgia elevated liver enzyme (ALT/AST) uag rhabdomyolysis (rare)

N5l primary prevention (risk factors), secondary prevention (existing CVD)

NANNITHILNG

(1) dunanisazane Lipids Tilazanenh (Fonauinzuendundodia emulsion)

(2) danm Sudan stain Sudan Il Sudan IV Oil Red O agdiou lipid 1Uuddu/wnslu
dlede

(3) d9nANISLAA soap triglyceride + strong base (NaOH) — glycerol + fatty acid
salt (soap) - saponification reaction

(4) Funnaulaidud (unsaturation) nsnlusiulsiduiaziiganasumaiiinit (Ju
youvarfigumniivies) LaziUfAzeniu iodine (iodine number)

(5) danm lipid profile Tutdan A1 LDL HDL wag TG 91 serum chemistry
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° - Y % a =
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(1)

2) Tunsiim atherosclerosis ¥l LDL oxidation 3dudusnaugifigy?

(3)

(4)

(5)

Lwﬂfﬂ phospholipid Fsaunsaasng lipid bilayer 167?

nau w312y amphipathic molecule - wa7iliUszq (hydrophilic) wauu #1sil
Wunsaludu (hydrophobic) lugeuwr — daseedidu bilayer Tu aqueous
environment lngysgousginuly wiusenauuen)

[

o

Mau native LDL laign macrophage Su3k U LDL receptor (G?'ﬂg]ﬂ downregulate
{iefl cholesterol GR)) we oxidized LDL 7N phagocytose WU scavenger receptor
(CD36, SR-A) 41y T feedback control w19 macrophage @zau cholesterol
naneldu foam cell)

81 statin WonanNan cholesterol a3 838 pleiotropic effects axlstng?

MBU LI U nitric oxide (NO) am inflammation (lCRP) am thrombus formation,
w@fes plaque - nalneun1duLs isoprenylation U84 protein @sdeygad 11 Rho
ey Rac)

winla HDL 33gnisendn "good cholesterol"?

»aU HDL $U cholesterol 91 peripheral tissue (32384 foam cell Tu plaque) W1
ABCA1 transporter Wa 214108 ulUA A UL A9 AN19U1A %3 0as191ud (reverse

cholesterol transport) kazdall antioxidant anti-inflammatory properties)
mngUen pancreatic lipase (1INNsHdAnTelsA) Axilennisedils?

BV steatorrhea - 89915¥a08 11u217 fnd wnifu 1 osanluduligny ee
(triglyceride — monoglyceride + fatty acid 1iAn@iu) stool fat >7 ¢/1u uag 913
3 fat-soluble vitamin deficiency (A, D, E, K))
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Al 1.7 lassasnslasndwelsauaznsaluduriinnig 9

AN 1.8 1aseasamaailvesnaaniffaleau
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AN 1.9 nalnnsiAnraonldeaudsdd LasunuImved LDL HDL wag statin

AN 1.10 1933N1TFUATILNABLAANDITDALALNALNNITDONO VB VBIALARY
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I U
nsuaalunnsanveiatel.3
Lipids fiunumndAgnslulassadnsiaz nsasdoyeyio

L?J'aﬁjumaﬁnﬂsnﬁmé’aqﬁ phospholipid tkag cholesterol
wasud1seslu adipose tissue (triglyceride)

aaﬁmumaﬂia&lﬁﬂ’mﬂu metabolism reproduction inflammation
ANURAUNAYeY lipid metabolism 11lug dyslipidemia atherosclerosis

K & & &

metabolic syndrome lsadu (fatty liver)
n135nw lipid disorders men13UsU lifestyle (diet exercise) wag statin 478

&

am cardiovascular events

1.4 WsAu nsaazily 20 v¥in sTAUlASIAS19 denaturation A2881915ARINNITWURAUNR

(Alzheimer wag cystic fibrosis)

nInazdilu (Amino acid) - 20 ¥UANINTFIY

Tasaad199aly a-carbon (chiral, aniiuy glycine) + amino group (-NHz ") +
carboxyl group (-COO ") + side chain (R-group) W pH 7.4 amino group 10 U —NH3+
way carboxyl 1 -COO™ (zwitterion Wag isoelectric point WANFAATL) A15TILUNA
R-group e

& Nonpolar (hydrophobic) slycine (Gly, G), alanine (Ala, A), valine
(Val, V), leucine (Leu, L), isoleucine (Ile, 1), methionine (Met, M),
proline (Pro, P — cyclic, rigid), phenylalanine (Phe, F), tryptophan (Trp,
W)

& Polar uncharged serine (Ser, S), threonine (Thr, T), cysteine (Cys, C
— 4 -SH \Aim disulfide bond), asparagine (Asn, N), glutamine (Gln, Q),
tyrosine (Tyr, Y)

& Polar positively charged (basic) lysine (Lys, K), arginine (Arg, R),
histidine (His, H — pKa ~6.0 & role Tu enzyme active site)

& Polar negatively charged (acidic) aspartate (Asp, D), glutamate
(Glu, E)

Essential amino acids (9 ¥ia) s1en1edaasizililea deslasuainenis 1)
histidine 2) isoleucine 3) leucine 4) lysine 5) methionine 6) phenylalanine 7) threonine
8) tryptophan tag 9) valine (31478 HILL MPTV)
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wuszwulng (Peptide bond)

& \inaNUfA%81 condensation 51319 Ol-carboxyl ¥eansneziiludaniiy o-
amino Yaadndmils

& ddnway partial double bond (A8 1.33 A) — Liaunsanyula — vinli
backbone W

& v C=0 uag N-H i polarity — @1u13auiin hydrogen bond 581314 backbone

seaulAs9a319909lUsAU (Protein structure levels)

o . - WUsZ/us9%) ,
WAU A1 UNY 4 v NIBYIY
LNYIVBDN
arfunsnezily 4
. ) Normal HbA B-chain &
Primary (31N N- Peptide bond o . )
o o . Glu 1 position 6; Sickle
(a1nv) terminus W C- (covalent)
cell HbS Val wnu Glu
terminus)
N1 a-helix (3.6
Secondary o Hydrogen bond _
o LRNENVDY , . residues/turn), B-sheet
(mseasng entid (5¥1319 C=0 U (antinaralieVparallel), B
o A olypeptide antiparallel/parallel), B-
NAYNI) PEYPER N-H) P P
ol backbone turn
Hydrophobic
1Asa@519 3 16 interaction,
Tertiary VNUAVDY hydrogen bond, _ _
- - . T Myosglobin (globin fold)
(M) polypeptide ionic bond,
chain Lfgn disulfide bridge
(S-S)
NTIIUAIVD
Quaternary polypeptide WSLABINY tertiary Hemoglobin (4 subunits
(R]G;iqﬁ) subunits #ang + non-covalent 2a, 2B), antibodies
#

a a a a

Denaturation (Msidgan1w) Aensgaidelasiasnmienil el uazansil (us

Y Y
=

primary §9A4LA %) #1L1A heat (>60°C) pH extremes (<4 ¥5® >10) organic solvent

(ethanol, acetone) detergent (SDS) chaotropic agent (urea W@ guanidine HCl) wa g
-
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+ -+ a o = 1 I o
heavy metal (Hg? "wag Pb?2") W@ @gldsnisviuniNwInIn 1y enzyme laivianu wagy

antibody 49U antigen lail#) unensalaunsa refold 19 (W ribonuclease) alaisl chemical

crosslink RAUNR

Tsavnniswulinunfvaelusiiu (Protein misfolding diseases)

lsa TsfudiRaund naln 2113
AB azautdu amyloid
, Amyloid-B (AB) - plaque UBNWAR; tau dementia
Alzheimer
gi 371 APP, tau hyperphosphorylation — memory loss hay
isease
protein neurofibrillary tangles Tu cognitive decline
wadUszam
MsnanestuginuUosdian
CFTR (cystic Aa AF508 (deletion of
S thick mucus Tu
Cystic fibrosis Phe508) — TuUsfiuu o
_ - o Uan fiugeuligas
fibrosis transmembrane NAUNA —> gn ubiquitin- _ .
v , ey infertility Tu
(CF) conductance proteasome ¢ag#AUNDY e
regulator) fadorumad — U
channel 910
bradykinesia
Parkinson ) avadu Lewy body Tu Y
. a-synuclein tremor Way
disease cytoplasm U84 neuron L
rigidity
Prion spongiform
disease PrP¢ — prpSC PrPSC induce n1sWu encephalopathy
(CJD, mad | (scrapie) AaUnFAves PrPC wuugnls dementia tag
cow) ataxia
1aild misfolding uadu .
- sickle RBC
. ) aggregation tNAINNIT . .
Sickle cell Hemosglobin B- o anemia pain
. . Waguklas surface o
anemia chain (GluéVval) 4 crisis e organ
hydrophobicity t1®
damage
deoxygenated
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NANNIFAILNG

(1) ﬁ'ﬂmﬂms@,ﬂﬂﬁuum UV Aromatic amino acids (Trp Tyr kag Phe) @Jmﬂﬁuﬁi 280
nm — TgUsunadusiu

(2) daAm Biuret test Peptide bond ¥UATenAy Cuz™ Tuansavaiuans 1dsae
(positive @115 peptide 2 Faly)

(3) danm Ninhydrin test nsnegiiludasylvdiag (proline TWdindos)

(@) §anansidsunuas solubility o denature Tsfiusinee precipitate (19w Tdth
NzuMluuL — casein ANAZNOU)

(5) dunansgeyde enzyme activity Snsns1nsiiananfueiilelsl substrate oy

LAZYAY heat treatment
o P2 ¥ ¥ a =
f’ﬂﬂ']llLwaﬁiq\iﬂqqﬂw'ﬂﬁlmﬁaﬂ

1. il proline Juinwulu B-turn 3o coil lanulu a-helix £129?

Aau Proline i side chain cyclized nauuibond AU nitrogen atom ¥84 backbone
vl backbone mguhﬂéf (lsifl amide hydrogen) waga314 steric hindrance 4Av314
N154AA a-helix)

2. wniUaedl cystic fibrosis mutation AF508 g1 modulators avlsfivheldne

mau 81 CFTR modulators elexacaftor/tezacaftor/ivacaftor (Triple combo) — %418
uAlun1sWuRAUARA (corrector) wagtiun151Ua channel (potentiator) i1l CFTR
vdlududeruadiuazyinnule)

3. lulsm Alzheimer vinlu AR Jeadvau?

AU APP (amyloid precursor protein) g ne Alae B-secretase (BACEL) oy y-
secretase Lo AB40 %38 ABA2 R AB42 41 hydrophobicity Ejjﬂm"l saud L du
oligomer wa fibril lad1e; N1snatewuglu APP, PSENT, PSEN2 lifusnsdau
AB42)
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4. e lan13v1 denaturation TUsAudeausoudsinluaiuisandvaule

(irreversible)?

MU NS aggregation Yniindiu LilalUsAuAa1ef3 hydrophobic core AggniUn
pon i lilUsAUNa18AI9UAULUU non-specific Iag hydrophobic interaction —
anazneu tlamnse refold lamuaauii)

5. N1591A essential amino acid ¥Ralavdanilsazdinasnasnanieagnals?

MU $NNYILNYANTHUATIILUTAWIUN (§9AT12) INT1¥ABINTT amino acid N9
20 BUANTONA; WINUIALTTI 92LAA protein malnutrition muscle wasting edema

LAY immune suppression (kwashiorkor))

msuaaduninwsiuvasilleniiate 1.4 1UsAudu molecular machine U@9319078

Enzyme (139Uf)1381) structural protein (collagen wagkeratin) transport
(hemoglobin tazalbumin) immune (antibody) signaling (hormone Lag
receptor) ke motor (myosin Lag kinesin)

NSELATIZALUTAY (translation) 81#8 DNA — RNA — protein
AuRnUnAveaINsiuRtiluglsaaneviin (conformational diseases)
N33 enzyme replacement small molecule chaperones proteasome

inhibitors WLay gene therapy

Ad 1.11 Tassasreoiluvesnsnegiilulag 20 sliandon R-group
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2N 1.12 szaulaseadnelusiuain primary 89 quaternary W3ausiee19 hemoglobin

A 1.13 nalnmswununives CFTR Tulsadain Tnlusda (AF508 Mutation)
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AMdl 1.14 mswuRnunfves CFTR waglsa@ain tnlusda (CFTR Misfolding and Cystic

Fibrosis)

watian15as19n NI NanIalidnsuunAnywneg

1. Memory Palace (Method of Loci) &1%5u pathways My.
a%fwamumu%ummmi 1 wieme 1 szwmmuaaﬁm

(% 1 ] o/ a ¥, a AT
fragnedmsuund 1 1% NMUPUBDTITUY WY Wu palace

U1n — salivary amylase goaud (nw dansd@inulanountds)
v ¢ 2 o
N3ENNE — pH 1.5 U89 amylase (0w nsasinuueulsdaududin)

'
a a

anldidn — brush border fitoulwsiuaz transporters (AN WsNVUYNAT
SGLT1, GLUT5 #inag)

fu — W3nlaaunuaddy wag glycogen storage (AW AUALALIULR
Aulnalaaugu)

waaaian — lipoprotein uds lipid (1w LDL \Jugnueadindesdius)

WANgIU N13ANWINUI1 method of loci inUsednSamn1sdnla 2-3 1 (Maguire et al,

2003)
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2. Dual Coding 210 + WY + WA Wiy
MUEUeE ALY AasnnInlsenausieile Tuayaaufgdfunan

wala

(1) 20 1 (H20) wuu bent shape W3axau 104.5° VJﬂﬁ%ﬂﬁL%E]L%;aﬂﬁﬂ

(2) 1@ glucose 10U hexagon lagLTeu OH groups AWNLY 1,2,3,4,6 A28
S39N

(3) 711m phospholipid bilayer 1Ju "fafipeianes" lnatanau (hydrophilic)
W& (hydrophobic)

Mluldna n1531mase visual wag motor memory @aauan1adiy redundancy Tu
@4 (Paivio's dual coding theory, 1971)

& & a . . v Y e . . .
NUWINADANIUNNL 899910 triglyceride AILNEINU palmitic (1159) oleic (¥9) linolenic
(19 3 90) Sy 937 difference w89 unsaturated laviud

3. Active Recall #28 "¥89719 3 seau" laevin flashcards (Anki #38%ii0)

wUady 3 AnueIn

. v . AUA
TAU NIDE19ANN
NUNIY
i 113 heat capacity 1i1ls? (4.184 J/g-°C) N 3 Ju
U 95U dehydration synthesis vs hydrolysis w5a o e
v nnadam
Nang gNFIDEY
winla AF508 Tu CFTR vilrlusAunuRnUnf? dunusiu v .
¥n : , nn 2 dan
ER quality control ag4ls?
wAdALNY

1 "interleaved practice” @dU3UN 1w 013L399UT A1NA1E Llipid AIUAE DNA WA
NAULN protein
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NaNg1U Roediger & Butler (2011) Wu31 active recall il effect size g4n31 passive review
90.7-0.9

4. 519 Analogies 1 "RALNeY" WHT191Y anasdrRefiutlan man wsa

shocking laRni1iasassum

& ¢
LUBN Analogy UVIDI3Y ANa

g I~ M Y} ] "
Y "nsslnsdnniusey

Hydrolysis vs dehydration , “ o
(hydrolysis) wagtdu "n13" NINAR-7D

synthesis o . .
WeagnUane (dehydration)
LDL widlou "vuntena" e
LDL oxidation Tu 9N oxidize (U49) uuAlasg
. - v - ANHAN
atherosclerosis 2% "NUIUDIU" NaeLUU

foam cell

WILOU "NUNITUEIUDY

(chaperone) ATIANUAUAT

Delta F508 CFTR AN process

AA3UI — depulsaanuy
(proteasome) yaneyiy"

DNA W "WnTnwfauing”
(Ll OH 2' = Hegnin) du
DNA vs RNA stability RNA 1w "dnlnwilewan” @ | nw contrast
OH = nanug hydrolysis b
418)

‘Viﬁ’ﬂg’]‘u n151% emotional or bizarre imagery L 4 retention 20-50% (Hamann,

2001)

5. Chunking + Storytelling #1%3U 20 amino acids ag1977iazea 1 dungu

NOUNSDY 15849517
ad ¢ o [ . . [ 1 .:’.’
1598991313883V 20 amino acids (Aun13Iangalutilonvesan)

"{ingid Nonpolar hydrophobic 9 #3 F971 GAVLIMP (81131 nwidws) uan FW

(phenylalanine, tryptophan)
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GAV = Gly Ala tag Val (18n 9 158u 6])
LIM = Leu lle waz Met @ifevliveuti)
P + FW = Pro (¥9usiu) Phe (o) waz Trp (1ow)

n&ul Polar uncharged 6 63 ST CNQY (8711471 1% FUA78)
Ser Thr (8 OH 1A1g) Cys (3 SH) Asn Gln (& amide) wag Tyr (phenol)
nau Charged 5 67 KRHDE (81131 UAs-L8-f)

K+ R+ H+ (basic) wag D- way E- (acidic)"

ntuursuseleadoules
"o GAVLIMP FW (ladwauin) 198 ST CNQY (wautnurunas) Tuin aswendumiiou
ﬁwﬁuﬂum 213 KRHDE (:u‘dﬁua]) avazaelen”
Wé’ﬂg’]u Chunking Wi capacity 989 working memory 310 7+2 vJu 15-20 items

(Miller, 1956); story telling ﬂizéju hippocampus Waz prefrontal cortex WiauAu

6. Spaced Repetition A Algorithm waiug

281 "NUNMIULLDIN9" WAbTSEUU

ASLSN 138U + 911 flashcards iU
NUNIUASIN 1 1189 1 T4
ASIN 2 a9 24 99

¥
(%4

ASIN 3 nia9 3 U

Qe

ASIN 4 nd 1 dUandi

ee

A9 5 a9 2 dUanni

¥

ASIN 6 189 1 Loy

vV V VY VY V¥V V V

14 Anki (free) ¥3@ RemNote - goAwISULT algorithm SM-2 (SuperMemo 2) &
UsganBnnigatiuen

A9819N15A9A U Anki @1USULLEVNVBIUNL

(1) New cards/day 20

(2) Graduating interval 3 Ju
(3) Easy interval 7 Ju

(4) Lapses 20% (re-learn)
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wé’ngﬂu A13ANYI meta-analysis WU spaced repetition Lﬁu retention 1@ 50-80% Lil®
Wigufu cramming (Cepeda et al., 2006)

7. N158519 "Mental Model" wuuduldl (Hierarchical Concept Map)

dmsuindelug wu Lipid wag atherosclerosis liasnsnmlulailussuuidonlss

AMNN1.15 LaunmEmsuasenuneg1aduszuy veailoviunil
NUUYaNles statin WW1kU

"Statin Sfudls HMG-CoA reductase (agjmﬂﬁ'a cholesterol synthesis) — l
cholesterol — | LDL — | plaque — | MI"

WATA A9IMAUAILAY AU usUlITluIUAUINIG dUanvia 3 AT

‘viﬁ'ﬂg'lu Concept mapping ﬁaagamms knowledge waglfiy transfer learning (Novak &
Cafas, 2008)
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8. wAlA "Teach to a 5-Year-Old" (Feynman Technique)

NN UHRMLEaYIITe (WU dehydration synthesis) Tesugpanuinee) lagldandne
ign milougawan 5 13U

f19819989919159NL NI VBIUNT

*14iy Jumilousiviuandedng

1. waasluanalvgainidn daggn ‘aeeenun’ witeunewsiilufuihiuassdou
dhéeiu ihiiveninfevesds

2. nanagdaluanaluglvidnas thazgn 141U mflouneuldnsslnsdnnszany dide
nsglnsiu

fesulelild wladngeldtnlaase Tvnduldeulug

NaNgIU N5 UIERleA1d189 UeAulanedsi elaboration wag simplification @ gLy

neural connectivity (Feynman, 1963; Mazur's peer instruction)

9. Mmslauazdyanualuszanda (Personal Symbolism)

AMUUAALAAU topics 619 9 wadnlunaanLaw

Topic onansdle Heyanwal
ih ik neatn 3 ven
aslulansn Jen sUnnmAB (glucose)
A NGRN 29nau (oil droplet)
TUshu 14 zigzag
nsAiAGan GHY \nNGeae

[P o v = & Y ¢ & =
V(!ﬂﬂi\‘]ﬂl’dﬂu note “ia')']ﬂzﬂ Isﬁﬂqﬂﬂflamqﬂu LASITMAYANWEULAN © V]lqlllﬂﬁ%ﬂ'ﬁﬂ'
|
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iluldna szduazdydnvaiviminiidu "retrieval cue” iWedndadondiden
aupsazAInsiulawnsnuansnluti@ (dual coding + context-dependent memory)

10. Sleep-dependent consolidation ABUUBUNUNIU 5 U

wellafienanusinuasiaeUeeiign

ABUUBU 5 W 81U flashcards 10 Tu (awgAnauiaTull) warrduan aun1n” Tu

97

naUYIui egnaulnsdnwi (blue light sunIu deep sleep)

AU MU flashcards YaLALEN 2 W19

nangau nsueunau (Inelanie slow-wave wag REM) %18 consolidate declarative
memory KU hippocampal replay (Rasch & Born, 2013) N13NUNMUNBUUBULAL retention
30-40% asUiduunuuiRnisuszaniu dwsulleniund 1 vesn

08.00

1 dg{l LY 1 %’
2IULDM 1 W9 (WU 1)

113U H20, hydrogen bond, heat]
capacity graph

10.00

11 flashcards 10 Tu (Anki)

Active recall

12.00

85u1® "dehydration vs
hydrolysis" TAiieuils (38
feslunszan)

Feynman

14.00

21umdagald (Aslulawnsn)
+ 1317 glucose, lactose,

glycogen branching

Dual coding + Chunking

16.00

1 mind map Woules U7 +
A1stulatase (W ae
hydrolysis Tun1sgee)

Concept map
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nunau flashcards Vavan N
20.00 Spaced repetition

997Ul

g1u flashcards 10 Tufineu o
23.30 Pre-sleep consolidation
gnn

a o w A " g V=1 = LIR% o , Y
wazidnAign og1eul e lunidsdaiuuuiies uald anudqieamnganindn
"vialu?" wu "virluunfadl heat capacity g97" — w31 hydrogen bond Aadldndsau
ang — gtesiunismivangumgiisanmegtheviain — wewlesiu clinical

TR M lAdaTlildud "Foedn" wiidu "Foadla" wazaunaeuldazuuugeiign

9
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WNULYENTEIAIMUS (Concept Mapping) TALATNNINTUNNE

9191593¥08nIkUU Concept Mapping WuU Visual Mnemonic 7113 aulg9¥9 5
Wte (W1 mslulawnse diia WUsAu nsatiapdsn) wWisedu lngld wan "Ujfseedl + 1sa
Aa9g19" LuLnuman

TAseas19vanvaIkui (Mental Model)

ANT1.16 LHUNINUEAY Concept Mapping LU Visual Mnemonic Mfaulesiis 5 #ide
(W aslulawase dite WUsiu nsaflanddn) wWhdedu lagly wdn "Ugasenead + lsa

3592831 (Mnemonics) NElSIuLauT

(1) "dduunetre” - duduiauai (dehydration) LAZALEE (hydrolysis)

(2) "GLASS" d@usunediues 4 #1 Glycogen, Lipid, Amino acid (protein), Starch
/ Steroid? usld Carb fina1 — Usulu C-LAP Carb, Lipid, Amino acid
(protein), Phosphate (nucleic)

(3) "PAM" dnIunuse

Peptide (1Ushw)

Aster (#im — ester bond)

Maltose/glycosidic (A5lulainsn)

d1u nucleic acid ¥y phosphodiester — §191 "P" ffiaes

v ¢

(4) TsAduwus "CAT FLAP"
]

€'Y Vv V V

73, TanINIIad WY



unfl 1 89AUTENAUNILALIVDIRITYIN

Cystic fibrosis (1UsAw)

Alzheimer (1UsAw)

T2 DM / lactose intolerance (A151u)
Fatty liver / Lipid (atherosclerosis)
Autoimmune SLE (DNA Ab)

Prion (1Usfw)

vV V VYV VY VYV V

AMNA1.17 LHUTLIAILUU Mind Map (ungdmsuluamesuisunasnisn)

A 1.18 A msaneuyedduunui (Anatomy-based Mnemonic)
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ANN1.19 Unuinenau (Radial Map) d1msudnningu

asuwmaliafinfidouagly mapping

Chunking wonilu 5 ngulng) W A3ty dfie 1SR waznsailaeddn)
Hierarchy wnUNaABEY — Uisen — wedwes — s
Dual coding AN + FoAU + @ + loAou

"idurneadianazy1ese adranedues 4 f1 usazinaselsanu

Storytelling \
avluy
Retrieval - y | 5
. Unnmualanaainnudenles
practice

A28 mapping # Avziuawsmvesund 1 lusila wazaiusaadenlesiusdnuauUd
wnldaudalsa Alzheimer loniglu 2 uii
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Unn 2

9SHNLUARKAZNISNINGY

o =S v o v g
Mlusnedesrinanutrlaunii?

wadlulgluiisagaussyansall widu "umuasid@ie" Alinsdnszidaulaseasng

(3

a8 Ut a LAzl UE1EY MNUTBUT1INEARDIMITNT WwadAenuiudaflaniiani
FJuAdouNNIzuIUNS NMsARuilaeesunuadusasyiinvinusiuiuegils Ty
issusazdgbinausaiunalnn1sinnuresdadidin uidwinligadilata "aaudumad

Y9952 UU" Mintuionalnwaniunnsasld

[ 1

AMUFIAUADNITLASHUAITULNNE

v

1. 91ng1uvaswen3inen (Molecular Pathology) lsadaldidudiuauuin Tnganiy
Tsamaiusnssunazlsnaudenvessenie dduduidaainanuindniluses
wniuadseRuwad 1wy Jeywdl Nuclear Pore lulsawsinaute w3 en1svinatud
HaAnaInves Lysosome Tulsmagauniaiugnssy (Storage Diseases) mmi‘tuwﬁw
vlsinnusondiu 'Sy vedlsaldRudseiulaseadng

2. nd¥ineuazmsine suazanseangrsmsdinimsiuiusnnyieulasnsdily
Uduasunsyhauvesessiniuad (Wu erdugadniivhanelslulsiveauuaiie)
37t gandlalaseadieneseesduniuadazdrslinaidlanalnnisoangus
(Mechanism of Action) wesenldagnsdnts lulduasriendlmildsnuesls

3. At laluseAussuy ANuwugweIn TENIUlUSAY MITAAUNEIIY waznIs
¥aneansiivneslumad Aedeiivsueninwadiu o ma "AUAING" 9130 "TAIHTY
Inge" wwndfidlaszuudanisnieluwad azanunsaddedonazUszifiuaniinzves
fueldaziBenninauiily

medouiluunilildnaesirdodudsenovresad usmdunisdne 'nisudusdans
ninensszdugana’ vesuneaywe dudenandleusgrmequilusads msdesen
ludnsseudvmensinen (Pathology) wazengsmians (Intemal Medicine) sznaneduides
fieuazaundstu
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2.1 fpdwa (Nucleus) @aiuilaiafed nuclear pore complex dadlads lasunAu -

Tsafifietios (Hutchinson-Gilford progeria)

Tupdvadusesunuadiinauaunsinmuimuaveseas (control center) YU70s
pgfIFuaNINaNvMIBveUYRIas Juiuvliagad

wavuilamaes (Nuclear envelope)

Usznaun2e lipid bilayer aaw‘jju (inner nuclear membrane outer nuclear
membrane) A u# 8 perinuclear space (0313 20-40 nm) Outer membrane foLil o9y
rough endoplasmic reticulum (RER) @il ribosome tN1g Inner membrane 3 161
lamina (protein meshwork @519910 lamin A, lamin B kaz lamin C) %éalﬂu intermediate
filament type V w17 484 lamina 589303V ed0Adoa §annz chromatin (W1u LBR
emerin wazlUsiudw) wasflunumlunisutawad (disassembly waz reassembly)

Nuclear pore complex (NPC)

> lassas1svunalug ~120 MDa Uszneaua18lUsiu nucleoporin (Nup)
11NA31 30 YU
° I a a s ¢ & 1 ¢ ala

> Fuusedafea 3,000 - 4,000 luiwaddniidesqnateul (wadninig
noATWagailuInNndT)

> 15989719 8-fold symmetry (A&1805EN51) 8 UIT9A1U cytoplasmic wag
nuclear

> W9 selective transport sywinsihpdvauaylglnnaiada

- Passive diffusion luanaidn < 40 kDa %eLdUNILAENATN < 5 nm
el

= Active transport latanavuialvg) (u 1AW wag RNA) Aol
nuclear localization signal (NLS) 138 nuclear export signal (NES)
JUAU transport receptor (importin/exportin) T4w&a391u GTP (Ran
GTPase cycle)

famalaaa (Nucleolus)

> Lifiesiu 1ina1nNn13591v83 NORs (nucleolar organizer regions) #48¢ Ul short
arm Yaslasluley acrocentric A7 13, 14, 15, 21 uay 22 (luuywd)
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> wthivan grldifuutuuulunisadna iRNA (185, 5.85, 285 Tng RNA polymerase )
Usneu ribosome subunits (53ufuTUsAuAidunsziain cytoplasm wag 55 rRNA
i transcription 1ng RNA polymerase IlI)

> 98¥Y visible Iuﬂﬁ/aﬂﬁ;amiﬂﬁum wuatdu 3 zone (electron microscopy) fibrillar
center (rDNA) dense fibrillar component (rRNA M@ 4a9aLkuy) hay granular
component (pre-ribosome f&sUsznav)

TAsu1AY (Chromatin)

> 99AUTENOU DNA (2 lwnssalgas fedussylulluafsauuin 5-10 m) + histone
proteins (H1, H2A, H2B, H3 uag H4) + non-histone proteins

> Hierarchical packing DNA (2 nm) — nucleosome (11 nm DNA #us8U histone
octamer 1.65 58U) — 30 nm fiber — loop domain — chromosome

> Euchromatin condensed o8 01313 (eosinophilic tun) i active gene
transcription Wag rich in G+C

> Heterochromatin condensed wiu daudidu (basophilic) lifinstaduusinuulu
n3a519 (M3eteeunn) wiadu constitutive heterochromatin (centromere wag

telomere) LLay facultative heterochromatin (X chromosome inactivation)

Tsafivizadas (Hutchinson-Gilford progeria syndrome)

> 1An31n mutation WUU de novo ( heterozygous wag autosomal dominant) Tu
81 LMNA (chromosome 1¢22)

> LMNA 11994 prelamin A — @8361U post-translational processing
(farnesylation + cleavage lng ZMPSTE24) 16 lamin A

> miﬂmsﬁuiﬁwuﬂaaﬁqm fio p.G608G (c.1824C>T) 7 exon 11 — 1fin cryptic
splice site — @nlUsAY 50 amino acids ®8na1n C-terminus — 16 progerin R
Taianunsadin famesyl group 1§ — famesylated progerin #14fi nuclear
envelope — nuclear blebbing ('gﬂ'ﬁﬁdﬁﬂﬂﬂa) heterochromatin loss DNA repair
defect

> 81715 aging 157 (aSauiulatn w329 skin atrophy atherosclerosis way
osteoporosis) agdElade ~13-14 T (FeTInan heart attack we stroke)

MANN1TEUNA (AI8NHDI9ANTIAL)

> H&E stain HAagagaudnku-114 (basophilic) W1z DNA/RNA 9U hematoxylin
heterochromatin 101 dot 1y euchromatin 914 fandleaadsu eosinophilic
(¥1y)
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» Electron microscopy Lﬁul,?iaﬁjm 2 %u NPC g‘d octagonal (¥8931n face-on)
heterochromatin JuULuulA inner membrane wag nucleolus fAIa
electron-dense g

> Immunofluorescence (antibody to lamin A/C) lu progeria Qi nuclear

envelope irregular blebbing iLag nuclear fragmentation

° o o % a =
ﬂ’]iﬂ&lLwaﬁiq\iﬂ'ﬂﬁ%‘lﬂi"\]wﬁﬂﬂ

1. lilanavunelvigivu mRNA fiaidluiandsaisanansasn nuclear pore
penuld sWafl pore Svundrin?
fau mRNA gn coated A28 export proteins (1414 TAP/NXF1) 7T NES wazy
active transport #11 NPC Tngla energy Tailaruuuy passive diffusion

2. mnwaavia lamin A/C asiinnasg1als?
maU nuclear envelope 980ULD lwaalare mechanical stress N1SIALTEN
heterochromatin AAUNG gene expression \Wasy wagluglsa muscular
dystrophy (Emery-Dreifuss) %39 lipodystrophy

3. yilu progeria 39d atherosclerosis naude?
Ao progerin avaulu vascular smooth muscle cell ¥l nuclear envelope
\devne —> N1 repair DNA Unses — waawnneude (senescence) — geyide
smooth muscle cells Tuntlinasnion — @3y plaque formation

4. edledassusngudnluwasviinlange
AU Wwadimasaielusfudiuiunn (Wu neuron Wwaddu Wwaduwise) sedos
a® ribosome 1 — nucleolus Hvunlug) way L%aa‘LﬁﬂLﬁamLmﬁgmLﬁa
Hmdealad nucleolus

v

nsuadunInsIuvaintaiine

daadeaiduunundn 1A usWanugnssy (DNA) ATUANNITHEAIDDN VDI
(transcription) wazdardseanly cytoplasm W1y RNA waglusiuvuds audaunfives
lAssas1staded (lamina NPC) #39n193AL389 chromatin duWusnulsa aging muscular
dystrophy kaguwiss Wy lamin A/C mutation wulu liposarcoma)
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ad 2.1 lassasneiiamdeaiay nuclear pore complex

Al 2.1.2 Progeria (Hutchinson-Gilford) — nuclear abnormality

3. TN InTIad Wiy



UNY 2 23ILLNLUAALATNITNINIY

2.2 1slulaw (Ribosome) 1asea$19 80S (ga13len) fu 70S (Iwsan3lan) s1ujduy

v
[

tetracycline chloramphenicol aangnsdugs

Istulasidu ribonucleoprotein complex Famthiiduaseflsiu (translation) 970
MRNA template

TA598319 (M1u sedimentation coefficient S)

1) Prokaryotic (70S) Usznaunay large subunit (50S) + small subunit (30S)

> 50S subunit rRNA 23S (~2,900 nt) + 55 (~120 nt) + 1UsAU ~34 %1
> 30S subunit rRNA 16S (~1,500 nt) + TUsAu ~21 wila
> 13833 ~2.5 MDa

2) Eukaryotic (80S) Usznausie large subunit (60S) + small subunit (40S)

> 60S subunit rRNA 28S (~5,000 nt) + 5.85 (~160 nt) + 55 (~120 nt) + LUsAU
~49 ¥

> 40S subunit rRNA 18S (~1,900 nt) + TUsAu ~33 i

> 13833 ~4.2 MDa

AMULANAIRTIATNLAZN LN EVING

« lsTuloures prokaryote uag eukaryote flassafisinaduiisanefiofrugug
Sinaunsadus s prokaryotic ribosome lalaglisunau eukaryotic ribosome vo4
WY

& Mitochondrial ribosome (555) dimumany prokaryotic (31AIUIN1511970 alpha-
proteobacteria) — 81U ¥1uzu19%in (WU tetracycline wag chloramphenicol)
9198NaT19ABIRD mitochondria 161

dunisluadennilen

& Free ribosome u cytoplasm d9ias1e9ilUsdud vre1uly cytoplasm nucleus
mitochondria peroxisome (L3l signal peptide)

& Bound ribosome Ul RER (rough ER) §4tAs18%#lUSAU destined 115U secretion
L?jaﬁjwzjaé lysosome #38 Golgi (UsAuid signal peptide)
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= a o & . . n‘ . . : H
81UfVIULNBUBS prokaryotic ribosome (89NN bacteriostatic u‘flumu‘lmy)

ileld . v  aa
) nalnszauluana nsldnendiin
wWanane
nSAAWe atypicals
208 JUTN 165 rRNA Josniu (Mycoplasma
Tetracycline . aminoacy!-tRNA 111 A Chlamydia) acne
subunit .
site cholera wag Lyme
disease
Horfuanesdniay
S0 JUN 23S rRNA §u (meningitis) Wag
Chloramphenicol bunit peptidyl transferase typhoid (l4317a
subuni = -
(lsilAin peptide bond) WSIED16AA aplastic
anemia)
Juit 235 RNA taafiu
Macrolides 50S translocation (§Ugan13 Mapumelafne
(erythromycin) subunit \ndeude peptide ay STDs
chain 9101 A—P site)
Juil 165 rRNA vilv o 4
N1IFALTD
Aminoglycosides 30S misreading mMRNA _
o ) o - - Gram-negative JULIY
(gentamicin) subunit (FupszAlushuin Y .
o o (1% bactericidal)
a19u)
. . 50S Suiilau center of
Linezolid . _ MRSA wag VRE
subunit peptidyl transferase
RANNITHWNA

& Electron microscopy bsluleuidutdnian electron-dense (~20-30 nm) LA1¥UY

RER (H7 cytoplasmic) w3enszanglu cytoplasm
& Polysome (polyribosome) s mRNA filslulgunanesiaalasianiouiu in

\Uu rosette #30 beaded string dnwauslaNE
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« Differential centrifugation lulnasuasennaznoud 10000¢ Islulaunnnzneui
100000¢g (microsome fraction)

° - o % a
ﬂ’TE]']&ILwaﬁiq\iﬂ'ﬂumfﬂf\]t‘uqaﬂ

1. ¥l tetracycline Fald5nuanldl uidessyislufnengiini 8 12
ABU tetracycline Juunszgauaziiuiiidaaiey (chelates Ca2*) inlwiluiAsud
(yellow-brown) wag enamel hypoplasia walluidn < 8 ﬂLLaw@ﬂéﬁjﬂﬂiiﬁ

2. Chloramphenicol fiadhafssguussosls uazshluSaintu?
fau Aplastic anemia (813 irreversible) AN nitrobenzene moiety ¥ina1e
stem cell Tu bone marrow 833 gray baby syndrome lu neonates (fulsianunsa
conjugate chloramphenicol 19)

3. ynwadlesuend inhibit prokaryotic ribosome W& mitochondrial function 2
HaUn@ L
AaU 1§ LWs1E mitochondrial ribosome dAuAd1e prokaryotic tetracycline wag
chloramphenicol Iusummqamaé’uéga mitochondrial protein synthesis — Lfin
lactic acidosis fatigue Wag reversible bone marrow suppression

4. Eukaryotic ribosome #1991n prokaryotic ribosome agdlsfiviilsiisnanunse
PanLUULILA?
ADU ANULANAISVDY rRNA sequence Way conformation Tu peptidyl transferase
center uag decoding center vilwgNIUNIZAD prokaryote AI9Y19LTU
cycloheximide guégﬂ eukaryotic 805 (llu research) LLﬁlﬁi%’LﬁuSWUﬁ%Duﬂuﬂu

AN 2.3 TAseadns ribosome 70S U 80S
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AN 2.4 Polysome wazn15iAn adverse effect U89 chloramphenicol

nsuadunInsIuvaBiitaline

Ribosome tJuia3 oadnslutanaf daaszilusfuniusia mRNA ALLANGI9
513 prokaryote Wag eukaryote gn exploit lunisimunggdiug nswilanisesngms
vosgatilviunmdidonldliagagnisuazaianisainadiafies

2.3 pulawanadinisAnay (ER) RER - N13894A512W IUSAUE195U secretion uaz

membrane 15a protein folding defect (cystic fibrosis) SER n15819W% (AU) N5

.

o aa < = v &
faaszvane nrsinuuaa@eulundiuile

< Ao £ U =Y [ ! a
ER tUu organelle Nty o uMDLUBIAY nuclear envelope wuatdu 2 uSamy
W9

Rough ER (RER) - & ribosome neiifn cytoplasmic

%17 co-translational translocation vaslUsfuf destined @ w3y secretion Lie
N1 lysosome wag Golgi nalkn TUsAUA T signal peptide (@1sunsaazdlu 16-30 f7
N-terminus) 3ggniulag SRP (signal recognition particle) vouzdilslulaus uudasia —
SRP §UrfU SRP receptor U RER —> 114 ribosome U7 translocon (Sec61 complex)
— WsAugnuanidn lumen vaugAdaulasia (co-translational) Protein folding Tu ER

lumen 817 & chaperone (BiP calnexin calreticulin) enzyme (PDI - protein disulfide
.|
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isomerase @514 S-S bond) wag glycosylation (N-linked oligosaccharide) Quality control
ERAD (ER-associated degradation) Iﬂiauﬁﬁuﬂmﬂﬂawgﬂ retrotranslocate U cytoplasm

LLag ubiquitinate eI proteasome

Smooth ER (SER) - laifl ribosome

"

%

M

Lipid synthesis Wodaln@diin Aoiadmosoa way steroid hormone (lutwad

&

adrenal cortex wag gonad)

& Detoxification (liver) cytochrome P450 enzyme system (phase |
reactions oxidation reduction hydrolysis) k&g conjugation enzymes
(phase Il) vhlsien/toxin avaneniuazdusen

& Calcium storage IUﬂéjﬁuLﬁla skeletal waz cardiac 1380 sarcoplasmic
reticulum (SR) - 1fiu Ca2™ T Ca2*-ATPase (SERCA) uazUaaeniu
ryanodine receptor (RyR) 730 IP3 receptor Lﬁ'agﬂﬂizéju

& Carbohydrate metabolism glucose-6-phosphatase (lu hepatocyte)
#3579 glucose 970 glucose-6-phosphate ('cjm?hasuaa gluconeogenesis ey
glycogenolysis)

1sa protein folding defect - Cystic fibrosis (CF)

1An31n mutation Tuliu CFTR (chromosome 7g31.2) Fadsa chloride
channel 7 apical membrane 89 epithelial cell

MsnaneugTinuUeedign (> 70% vosrthe CF luauinwn)

fio AF508 (deletion vas phenylalanine fisumis 508)

W& CFTR protein WuRaUnd (lianunsasiu ER quality control) — gniulag
calnexin Way ubiquitination — @l proteasome naud Golgi LLazLﬁaﬁm
waa — Cl~ channel 179

Nafinnuun epithelium veeUan dusew 8114 uway souie Qmﬁamwéﬁ .
— thanuanlsigndy — wileamda thick mucus — gadu ainvay
(colonization Tae) Pseudomonas S. aureus) fiugauliigos (malabsorption
diabetes) wag ﬂaﬁﬂaqaqmﬁu (male infertility)

n1ssnwlvd CFTR modulators 191 elexacaftor/tezacaftor/ivacaftor —
corrector Vil AF508-CFTR stufituidnifosuarlusimadlauisdon
potentiator fislen1ada channel
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& Electron microscopy RER flanuauzidugauuu (cisterna) § ribosome dua1uuen
SER flanweug tubular wag 14idl ribosome

&5 Histochemistry glucose-6-phosphatase activity 16?1}3814 SER Tusiv

& Immunofluorescence antibody ¢19 calnexin %50 BiP uans distribution w83 ER

° - Y % a =
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Wlu hepatocyte 398 SER annidudivey?

nau aullueTuizguaniunis detox wag metabolism ¥®9e1 alcohol hagasiiy
wag SER & cytochrome P450 (CYP) enzymes Adinguileldsuen phenobarbital
(enzyme induction)

2. ame alcohol drinking 13031 vliAn fatty liver agnals (Aeadosiu SER)?
nau Alcohol gn metabolize 1ny SER enzymes (CYP2E1uag alcohol
dehydrogenase — acetaldehyde) — Liin oxidative stress LLazéj‘Uéﬁﬂ fatty acid
oxidation — triglyceride @zl Lay uaﬂf\]’mﬁéﬁﬂizﬁu SER proliferation (1iulé
Tundesganssel)

3. Ty cystic fibrosis N1snaneug AF508 vl misfolding ol wazerdnw
adelmioangsoeisls?
fnau F508 agﬂu NBD1 (nucleotide-binding domain) %111% NBD1 unstable uag
Hana1nlunig interact U ICL4 (intracellular loop 4) — core glycosylation 1
Lﬁm‘ﬁuuazg_]ﬂ ERAD giasiaany elexacaftor (corrector) %3¢ stabilize NBD1 tay
ivacaftor (potentiator) ¥281Un channel Lﬁaagjﬁﬁamaﬁ

4. lundanidernlaazndunileans3d SR (specialized SER) Tivmuug?

AaU Aean1smIun Ca?2* ae1959A1578 M3V excitation-contraction coupling SR
Ay Caz* Tag SERCA uaytUdoer1u RyR Lile action potential nswdu (CICR -

calcium-induced calcium release)

nsuaalunnsiuvesindeiife

RER Wuanenundnlusiudioanuiasidonu wiauszuunsiaaaunmnIn (ER quality
control) n1sWudaUn@ N lwLAnlsA conformational diseases (CF alpha-1 antitrypsin
deficiency wag familial hyperchotesterolema U19a) SER YINnRUN L|p|d metabolism
detox ag calcium homeostasis “ZNLUHWU%’]UIUMWIN’]USUQWULLa ynauLile
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A9 2.5 RER kagn15adAs1zmilusAuNIUY translocon

il 2.6 Pathophysiology of cystic fibrosis (AF508)
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