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Bloom’s Taxonomy

Higher-Order Thinking Skills (HOTS)
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21nWavIuIdgvavlinIngImaasaaviuildsu
savdaluaavrassdngauaznisuwng ul 2023
A9 Prof. Katalin Kariko ua: Prof. Drew Weissman
tunisAuwunisusuusvwatonalolsduaviduais
lOUthU‘IIUH‘ﬂ’ISWﬂJU‘I‘.‘)ﬂUu mRNA AtgUavniu
Tsalnda-19 Idog1wiiUs=FnEn1W Bokno:nd1980
uwaawasuuavIABUuUS=INNCIVY nun1s?unuaa
?uUaauuuu mouuo'[oﬂo‘mq wu 2 Us:1an Aa
(1) Us nnuwaawoaSuLUUGVLaL (Conventlonal
platforms) Tdun SaBuus:innioars (Whole-
inactivated virus vaccine) Saguusznnisoltu
douqns (Live-attenuated virus vaccine) 3a%u
Aro1nlusduuivaruvovido (Protein subunit
vaccine) uazdnduauninlsaiaiiou (Virus-like
particle vaccine) ua: (2) Uszinnuwaawasu
gAlKU (Next-generation platforms) laun 3a3u
stals hsauwak: (Viral vector vaccine) 3a3u
sliaa1swusnssu (Genetic vaccine) AUs:naudIy
JaBuaidutd (DNA vaccine) ua:induduaisidutd
(mRNA vaccine) doldu 91nWavIUIFYUOV
L'l'ninmn"mméa'aoﬁ‘luﬁﬁ1TUé‘s105aTuluaﬁ
ls1aaomonunsu:nonvuuunmswusnsqus 1N
MRNA uu pudogvls uazo: cm:nomsuds nindu
lunistoviulsadiaokolsas:urakdoli
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sUR 1 nalnmisroius=duwsadiia-lutanavow mRNA vaccine fusUuuu mRNA-LNP
(N1 Fang et al. (2022) Signal Transduction and Targeted Therapy. 7: 94)



owsananafly mRNA vaccine 1w a0livinu
Anuiinfedndufa n1ssausniuras mRNA uay
punTA luiuul i (lipid nanoparticles - LNP) Lo
LNP 9g1i0¥s mRNA L@ﬂfaﬂﬂﬁiuauﬂﬂ@ﬂaut,aﬂej
e USENIU 50-100 U THme's Wintiy mﬁmmu
m&mU% FuRnaneUsenIs LL[WJG]@‘US F9ANEN FAD
Lwama@ MRNA Wadludoifovnesnoniesn
LAz s T EaNSL i US N MRNA foutinan
4259 deiin mRNA vaccine Fuldlgluiana mRNA
WGie99 uevIndunissangafuveg mRNA-LNP 84
MRNA Al4luntsWamundaduiainisodonsizs
Tsnufisennisnansiialuraaanean (in vitro
transcription) lasfinalnnisyinenuass mRNA
vaccine Tumsnszﬁugirﬁjmﬁuﬁu (gﬂﬁ 1 Anduy
o mRNA-LNP W luTus1enouda delasundas
Qﬂﬁﬂmuﬁﬂﬂmﬂéﬁmﬁa (intramuscular tissue)
mMRNA-LNP ez luaglugera endosome LazLil
pH a¢/Tug9ns6 MRNA 9sgnUanUansaanuI waz
LUumuLLUUTumSaommmiﬁ%mu (translation) 81N
uuaaammmsmaummu Aa wien1soln (1) Wséiu
WOUBGLOU (antigen) muwuwwgﬂa@@aﬂﬂﬂummaa
LaznseEUN1sas1suaUuiiuaa (antibody) 210
n1sns¥éu B lymphocytes 5ﬂmuﬁ/‘ifi@%gﬂﬁu
legwadLaziinnseuiunisgnunie luwadlussuy
QiAuiulee antigen-presenting cells (APCs)
WALLARNDDNULED APCS WaNseaugIANTULUY
91WNe (adaptive immune response) WU Major
Histocompatibility Complex class |l (M‘HC ”.) 6D
SD:H helper T lgmpho::gtfs Lﬁ/liﬁlﬂﬁﬁfﬁﬁ (2) F9RD
Jo6ioy mRNAvaccine AnilonINTATuLWaaWaSH
mmaw] ) msnsymu cell-mediated immune
responseimwiﬂsmuu@umL@ummamumﬂ mRNA
vaccme nneluwad mmmmaagmmwﬂmam
auﬂ] (antigen peptides) mUs NaUAIENSaDLH Y
8 fiv 11 67 uagnseaugiauiuuuudImie Wiy
MHC class | (MHC I) sia CD8+ cytotoxic T
lymphocytes 1&67e Fvidrugaslunisiinans
wadnaaTelnsa LLasﬁﬁmmmafjﬂ Wlu mRNA
vaccine S9flUseAndnmunnnInunanwWasuaue
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mRNA -

inaluladgntrilunisloviiuuassnuaisa

9nfinanundvgu IndTereanrinulgsuny
AINEINIS0UEY MRNA Tunisadvlusaufiaula
neluas msﬁiuwmuﬁdﬁﬁﬂﬁmmm AD N5
Usudgauaiandlalgauay mRNA Ao Tw MRNA
NWJ’]NL&OBSTHL%BHNWﬂ%u Aowalii mRNA uue]
AuNs0dAs1ERlUSE U g ovn1sldunniy Tae
mwmmmmmﬁ’;mﬁia%éﬁié’%mmsﬂ%ﬂgc
TUNISUAUNANNISINa18 MRNA ANNUNGERA T
s19ngLs1eiszuugiAnTulagiuiles (innate
mmuneresponse)mmmmmsmaamﬁa@mmﬂﬂ
Tuwadisntududsulanvasuniolyd vinasiany
Jududvulaniaoy azfianisnseguliianaln
nnsdnauraidadoulanuaontug v1uide
Fudidyaestinineiaiaansaasrinulasunns
wennsTud 2005 wudn nnswnuiiinaale lediud
uridine (U) malmmaiavlsmwa pseudouridine
(0) Tw mMRNA wwamumnuaaammam %e 9
mRNA Ma\nmquwmumu AMN1SOUAVNAN
numunuimﬂmtumLLaWqum'suamaan%aa
Tusauls msmuwuummummmiumsﬂs SUNE
1T uTaFudszinn mRNA telovTunisuns
S¥U1eUBIlsAlATA-19 %@Lﬁuﬂszimﬁﬁia@mu
1an N1sAUWUTaY Prof. Katalin Kariké uag Prof.
Drew Weissman nngl6iunningnaasgmudaiily
mmsmﬁﬂiﬂﬁié’r}huﬁﬁﬁmmmﬁaﬂssﬁwiﬁiéga
{19 1,000 81ua0aa135 1eaiiGen

walulag MRNA UamuilaanneIMua NS il
nnstauiiulsalaia-19 lasgreiuse@nsainwuan
Fofiuszlagdanronisunndfigovnisiaiunde
oUspanlUsiiu nanafe naulsandng Angud
fnisimalulad mRNA luussanalduds s (1)
mSUa\‘muImmmﬁﬁa (infectious diseases) 67
TATu (2) n1sSnuilsaneisesnegiduduyda
(cancer immunotherapy) Wi N1514 mRNA 7igény
TUSAULDURIUIDINLIS RIS (melanoma) lag
‘US‘LW] BioNTech ( IS@QQWNL?DNM%@@JMH‘U%BG
LuaLaamumsmmmmwmaquWamn Ao

(regenerative medicine) Wi N5 mRNA 7igdns
vascular endothelial growth factor A (VEGFA)
Tunissnunlsandnuiioladniauainniseie
Bhlg (myocardial infarction) 18 USEN Moderna

ILae AstraZeneca Lhag (A)Tsmm@ﬂuﬁqﬂssmmms
Snun88utnTe (gene therapy) i 11514 mMRNA
fas19TusBiu Cas9 Tunissnunlse amyloidosis
Mfeandundureviu Transthyretin (TTR) lag
USEM Intellia Gaiin waTulad mRNA Fedadn
Jumalulagnisieeiulsmuaznissnuiuwua ua
WUURSUIDS
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dmsulssmalneMiudszmanauasauiiy
HlsAszunaasouaie wu Tulsa [&8oa0on uas
Tsannanse sutiu Tulssmalne Seifinisodoonns
WanunTadumRNA sl oviulsagnani angnegny
W SsunafiulounelisanalnaUaoa foranse

AeTul 2030 691U ANITLVDIAULIIYATRS

WASHU NUNANgNaeNTiaa Unlee A5 LI EFNY
HEAUINT LA SA.A5.11N MERSENA 29leisgnuiu
Dr. Nobert Pardi wilolufinissan Prof. Drew
Weissman Tuni1sweaunIndu mRNA §11sunns
snwnlsAnnaniSe Setvuiunansaendulsaiiaulng
vatgAunadanlundn weluainuduaseded

ﬁ@mﬁaﬁﬂanmnﬁo 250 auAusnl Lazideinsn?
800,000 Ausind memﬂaﬂmmwﬂ 2013 2021
LLmﬂu‘UsumMmm mmmummmsﬁ@ma@a@ W6
1avany 2021 uummigwmwﬂmmmuwm@Lsﬁaaﬂ
Felspunanfondolsaldduduil Haennnisinde
Plasmodium spp. Tudedoaunas mwmmamﬂuﬁaa@
(Anopheles) TumummmuﬂamuismmmLSEJ
VlNﬂ’]S’Jﬁ]EJLLB”WG&JHWTUU@@U‘H‘H‘H A5 auUIle
Ju 3 Useian Ao (1) Anti-infection 43s Liver-stage
vaccines mmuﬂa@ﬂﬂﬂm%mmamu (2) Blood-
stage vaccines mmuﬂa\‘muiﬂmsﬁmma
LM@LSE}@LLMLLaw(3)Transmlssmn—blockmgvaccmes
Ei’m%m’jmﬁumwws'sumL%@Tugﬂﬂgmuﬁmiﬁj T
YagUuiinissusaeTadulsannanisaann World
Health Organization (WHO) U&7 51121 2 %516 39
‘1?'?0@jLﬂufﬁ%um%uwamWa%uUsmﬂm Virus-like
particles A9 RTS,S/AS01 wag R21/Matrix M
d1usuldsnwn Plasmodium falciparum Tuein way
Tunuiffinnsunsse zUNaUIUNA9519E Ty Ui
Uszinalngiswuideadladites muiwm@ viJu
P. vivax LLazwwmmugﬂmm NIINNIFYVD Y
AUEITANAASIUASOU NUNINENALNTRR LALAU
Aud TSN TRduTsAInanSefimanzany
fulsemnalng 5@34%#’]?@‘171 Transmission-blocking
vaccines bagldunannasy mRNA laslssay
vin39eu Dr. Nobert Pardi Y39 0uilo1uidefinam
NaN1snaanda1nN MRNA vaccine Useian mRNA
WUULELaSI T uRian Pvs25 %qmams%ﬁmﬁu
Fuawalann anunsansy AUQHANTUEY uay Fud
msuwsma@L%@i@maaa@"luammaa@m 7 60U
UogUu Mndde mRNA vaccine unansedyleld
wnanWasu mRNA wuude %5a circular mMRNA
oW snnasuITetange
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upnaNageiituInadeneivinnisidoie
WenuunasWosy mRNA Ussinvengeg ol
UsgAnsninnisdomsieiusiunnelusisnied
Qo%u Tua':]usuaodeuwﬁﬁﬂizaumsmimsﬁﬁﬁﬂ
NIEIUTIINEvBa1$LOUe (RNA Biology) 39la
WaumaluladiBuonddueimenisunnduuy v
Ao WBuosBueuuuaede (circular mRNA) Taed
L‘V]quIa@ﬁaﬁmsm‘iﬂﬂﬁszqﬂGﬁ%iumswﬁm
Tﬂsﬁmﬁamsi’]aaﬁuuasé’”ﬂmmeﬂus’mm&wwﬂlé’
lagssy lagnisuideaisayniatuduuily (lipid
nanoparticles) m%amuﬂﬁzmumsﬁﬂémmuﬁuﬂ
Fotoud IS unnSBwonuUEUAs9 (linear MRNA)
U A LLAENNNTINE AW UT ALY 92ANNS0
nAnTUsaufidosnislamuiu udduon By
EupssidodeSouatosnmiites wazsunulung
wAn g vinTi lswneiuusana ng anueyide3 gl
AnAuLAsRLNBL S SuaLUUTaNTovEsEnoy
YILDNBISLOUDTINNE waLtaandnsuns lIuan
Tagwmalulagidusnsiduouuuidavovauy
Qiﬁﬁﬁﬁﬂssﬁmémwﬁﬁﬂfjﬂmmiuiaﬁﬁum%@ma

wuuduasslunsnantusauiiauls uonaini dofl
UNId8uazus¥nensnunlsasieg Wy Orna wag
Laronde Wudu viMn1si9snaswenunnalulad
circular mMRNA w896 asAEn e
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ALUW.FSIAY NIADY Lag SF.WeY. 5 SRSt UUn
MNNNIINYFYNTARE I LESINTUNN UG UL
TATUFINATD DNNAINUATE TN NIAUENITE
lauaaelidiuign Mgﬁiéﬁumsi@iw%u circular
MRNA #9581 SARS-CoV-2 spike SULUY
VELIP-X ffu anunsoilosfunisiindnlnsa SARS-
CoV-2 fngmugsinge) beur awﬁuﬁﬁmﬁmw\/uham,
B117 (Alpha), B1.351 (Beta), B1.617.2 (Delta),
B (DB14G), B1.429 (Epsilon), B1.621 (Mu), C.37
(Lambda), wag B.11.529 (Omicron BA1) laagneil
UszanSnw annuseansninvaanaluladionans
Suouuuedai AUERITERI LW UIUWARWESH
ASHARS NS S UELUU Do TUNI$IN9LHY
nnsPoufunisszunaea9 Disease X 3u uazld
GUTUNISWEUIEUBUUTATULDNDSLOULD LU
N?Jmﬁm%mism&@L%a@ﬁﬁ%émaz@ﬁmmi i
15a1A36-19 lsannasy lsalindalug wazlse
ldnasann Wusiu
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TPFU MRNA 289U59"N Moderna wag BioNTech
Tl aminusuwiglunisindesamadusennle
Uszunnnile S%mmgﬁ 5eUUHIA9999 MRNA gailu
Yadsudnsianisuszand dmalulad mRNA Tu
Tsmeinge sefinanannudadnedu uazdofiinaulofe
Usemalneiinidesuruniniiaulaunisweamn
walulad MRNA uazszuvlnds mRNA el
¥leaseTunvadin Asovsogiusioluuzasu 41
Tuonnesulngil oxflunasvosy mRNA a1
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PCR (Polymerase Chain Reaction) %T%ammmumnmd 3 586U V150
38 LAMP (Loop-Mediated IsothermaLAmpUﬁcatlon %OT%E]MMMJLG]EJ”J
Tumo 60-65 pvAwadoa Faduisiiine azaqn s76157 LLa‘“vLB\IG]E]\‘]ﬂ’]S
\P3nviloniA 34mmummmmammmnms PCR uafiAnaunsenly
ﬂﬁSG]S’J’ﬂM’]L%@TuUSZH’]M‘LAE]EJQ]vL[ﬂ[é]ﬂ’J”] PCR Uszantu 100 11 38 LAMP
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qnnsnnc’il5u|auuuunué’mé‘uqaﬁwﬁn'afsn

n1sUs=gnd (8 uazn1sdogoalunisihulus:lusliizowise

Audinoalnududanividediululomuees wniinendy
ASUASUNST IS AilnUseavAnaNEIUNISITeuAEWIIUILIRNSSH “Y6
nsr93fadelsnriingqesy” Aldivninistiasosdofdsimiumy was
dunsaldlstuniaauin Tullagduausidelaidanasweaunsuwuy
"YRASIFBUDLUULOUAVSUATHNelsA” lFsunsaansideu
nsndaun19Uaan191UIU 31 WAL UATDLSENINNNSEUINNISHINSOUN
71U 14 Wavnu Iee HEuLUU (protatype) FrnunsneaounazUseiung
Tanuluiuiugoaeuasvlussduaundauntamaluladssiu 5-6
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ACROSS

3. the processes of chemical reactions that build
larger molecules out of smaller molecules

0. a complex cellular mechanism used to trans-
late genetic code into chains of amino acids

6. an ester derived from glycerol and three fatty
acids

9. a large, branched polysaccharide that is the
main storage form of glucose in animals

12. a coding region of a gene that contains the
information required to encode a protein

15. the metabolic process by which arganic mol-
ecules are converted into acids in the absence
of oxygen

16. membrane-bound extracellular vesicles that
are produced in the endosomal compartment of
most eukaryotic cells.

1/7. three common ones are sucrose, maltose,
and lactose.

18. a polymer that makes up the cell wall of most
bacteria

20. five-carbon sugar molecule that helps form
the phosphate backbone of DNA molecules

21. a type of protein molecule that has a carbo-
hydrate group attached to the aminoc acid chain
24. repel water, usually nonpolar

26. a non-protein chemical that assists with a
biological chemical reaction

27. a process that occurs in multicellular when
a cell intentionally “decides” to die

29. a cofactor, used to donate electrons and
a hydrogens to reactions catalyzed by some
enzymes

DOWN

1. a closed, spherical lipid bilayer, which forms
an internal cavity capable of carrying agueous
solutions

2. a small, circular piece of DNA that replicates
independently of chromosomal DNA

4. 3 type of replication error during DNA rep-
lication which places the wrong nucleotide or
sequence of nucleotides in the wrong

/. a small molecule that reacts with a similar
molecule to form a larger molecule

8. one of the four nitrogenous nucleobases,
which pairs with adenine

10. a technology that research scientists use to
selectively modify the DNA of living organisms
11. a laboratory technigue used to separate DNA,
RNA or protein molecules based on their size and
electrical charge

13. a unicellular fungus responsible for alcohol
production

14.the main substance in the cell walls of plants,
also used in making paper, artificial threads and
cloth, and plastics

19. sequences of nucleatides that allow the tR-
NAs to bring the correct amino acid in line with
an mMRNA

22.anenzyme that causes proteins to break into
smaller pieces

23. First name of the female X-ray crystallogra-
pher whose work was central to the understand-
ing of DNA

25. 1o break it apart with water

27. a specific variation of a gene

28.any series of genes that are controlled by the
same promater and operator sequences
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As the global leader in catalysis, BASF has unmatched expertise in
- - developing innovative, cost-effective emissions control technologies
E ml SSlonS CO ntrOI for a wide range of applications from motorcycle, car, bus, truck to
construction equipment. We are committed to enabling clean air for
CatalyStS a healthier world and sustainable future. When clean air loves

commercial vehicles, it’s because at BASF, we create chemistry.

BASF Chemcat (Thailand) Limited. To learn more, scan the QR code or visit
3001445 Moo 1, Eastern Seaboard Industrial Estate Soi 9, Tasit, Pluakdaeng, 24140 Rayong, Thailand = www.catalysts.basf.com/mobilesources
Telephone No : 033 684 888 & 3 4
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