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AT ©. ¥, AR TN

TIET IO GAE R-Y @ AE O 936 Sger@y ol =2 [ @ =i-3pife (metabolic
disorders) | @& ARPRAIT TGIR, ANWI =K@ &IT Wo,000 @HH-IFIE T 80 =S 20T [ARPT
G 3), @ENE RS W (@F MRS «Fs-fomefre (single-gene) € I2fEwa<e
(polygenic or multifactorial) -92 7o O I T ACE | 6 SN QT 70F @35 [Hme
S[CEATD FHCT |
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OGO FIFA ¢
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* TeoT: BRfHATEH, 2085 |

GFp-femefte @mM-7ifE (Single-gene disorders)

Q@ @A GFH @ SIS R (Alkaptonuria), IR SIrERE S ZEN ‘FICE &R (black urine) |
o fiw™t s SieEe “nEe (Sir Alfred E. Garrod) Si82= svo) At @it 3 weaw | fofv o=
FCIT T AN (NG S Lancet-a & IFEF @R AFIeIce fof S»os AT Inborn
Errors of Metabolism ¥ @36 I3 ol wFs-fGaulte @m-anfy fq Rewsa s 3@ |
AFOITF, R @AI-IGT NI 8y G0 V@ s @fo” 1 defect-aq TR AT (0T AP | NI
OT-f&T @-ifHa @fARMPrR ISt Swge Wa TR -9 (R TR0R | G9F NG FEF0
TEREMT GFa-Temeriee @-IR 24w [IHETSTE ToE ST |

A Q. TTET @FF-omeriae @o-Aifza @fafmerpR FEwh ewraeT

ST Spifes R s @rE-anty TREIZATPC IR, STAFICH IR, C8 AT KT, 6R T
Ferore geiifn |

AR AP eSS @l IECFITRRT, IS FCBIST SPTRATST, ('S @rof Toifr |

5 A (TR AR TPEES @re-apfy G-I @, JFBIR PTacgI™, = P, o+ @
2] %I

frefam/snEfffes e TrrEe @re-amfy -T2 PN, Igxiore Scaifoss spitrefar Tenf |

OIS [P AN TS -1 SIGITS SRS P |

S Al FATES AR TSNS (@oI-IH TIE (@I |

s. fFiRafsEgEar (Phenylketonuria, PKU)
TFISPO AT (TCFCH PKU) @G SCHITeseT vy =72 (autosomal recessive disorder), IR 6T

TRETS(H *[F G0 TR Sifar sitre feaigerenerfaa (phenylalanine) =& 31 [eiiF Face
L 7 | T SIS J@E@ITT =99 (ATF @R A | @ @R Gy WA S AGEd SIS (@R ITHITSICT
w&fgs | @6 & phenylalanine hydroxylase INF SEHa0 Sy Face 7Y QST eaisersyietiia
Sifseer st BRI (tyrosine) FINE vy @S e S Sitte FefTe 27 ) « g
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QTR Y IRV THC A TPIE Smags! (mental retardation), AT (TGl 8@ 2IRR “re™
vdeTel, T AN@E R, GNE pe (blonde hair), S @14, REA (convulsions) ¢ JM-I5=IT (epilepsy)
ey (o@ ») |

clnmm V) e
& S

fom 5. ReRafG T W 76 fe |

R, ETeEIAfET (Galactosaemia)

TReretad *4a @ioo fem AW galactose-1-phosphate uridyl transferase «aeizc wibfseive
IR 92 @S T AT | GTSIAT TLAF 1 S WA ARG AT (936 4wy ) Ko
&N FACS AICF A | Fepfore Fefs Aot orr @ 3N 3, wferT SIEw 77, SRdeid 1he 2w AT
3R O i AYAE R | NN ST 71 T Fea Iiie Semmage, 5FA (cataract) @9 IFCO
FreaifeeT zrs A |

infant & given mille,
unrecabelzec ik
swgars build up and
darage the liver, eves,
kidreys and brain

fom Q. e e feg ey w@fiEr )

©. (G-I @ (Tay-Sachs’ disease)

&= vF Remw ea@s G (Warren Tay) aR SIS TRW IMC 7 (Bernard Sachs)-a3
TP TMpege Feg @3 @it hexasaminidase-A @7&i3 iEfesae TR 20T ACF | AT AR
@t 9 Ay arzel, vEeTe!, A (I, TN IRES! 8 giemge [FRT ey, K ¢ AL * 7w
AT PO U ¢ TGN FTFALTE HLLG *#MG S A | WOFAE FGACAT BT @ ALETS
AR 7 TR AT WA T | A TN e (& ¢o,000 R T %) T2 wweanfive (of
v,000-9 ) G-IFFT @TNT ToAfBle @ 777 T T |

—_ .
Tay-Sachs Disease

* More COmmon in Jews
{ethnicity, not religion)

fatty doposits i the
brain, Nervous syiten

shuts dawn.
+ Nocure
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8. -T2 FgT (Lesch-Nyhan syndrome)

a® @b @ X @eaEs-geiETe (X-linked) @ty fameibe @ba w1 9B | AER TEreE
hypoxanthine-guanine-phosphoriboxyl transferase aaei2xx q6fs ez R4T @@ Trec@ (CNS)
wfefie 3T wnife ot 27 | T Frfba wffae Tomer «ae Ryfrr Teice SemageT % <0 7 |
R SR @ S, W, 9%, o, 3 et sRdifie w-Rfeutem (compulsive self-
mutilation) €3 @R A0 TN LT AT | ARSI T &fS ©,bo,000 e ey s E-T3T=
gy e Taes o A |

I e -
Lesch-iNynan Syndrome

(| Il 3 . :
1 1|
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" F o
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o 8. Em-AERT fareg sRaifre 7-Rfeatr |

¢. TGS SPRATsT Fam (Androgen insensitivity syndrome)

@ JFT [ SPGSCd STeiiie @2 (abnormal androgen receptors) @t «ft @ X-
WefeTe ety @7 | @ R e IR0 A ool IgE @A ¢ Ifwelie T, [FE @7 I | T@R 93R
AR 58T 7 AF ©F M (menstrual periods) T =1 | ©F ©F S (testes) ARCR €I (T
R FRGHIRA (46, XY) I29 I | @ QT VG 29 (ACF IM ASCH 2RI 7 T[T 27, OIR0A ©fF
TG I 2T Y I | (I 7 W (@, @fezifoe g'om afee @ o 91 (Joan of Arc)
a3 A &AW «fereitax (Queen Elizabeth |, R Fot @@t aew wifve «fdfbe) wae syges
SRS PG @@ @ | Sime o@e|, *IRifas Serelfitese!, Sivad, afee, Iqrer e [Rurs
TS 2ol (afiEy e P @ Sime @8 wRreie @l feet | orerer Afifbeme feam, Arefowey
N ACNTFR SfSrar ¢ Gfexs ufes @ & FIBT (Jamie Lee Curtis) @FeH SSHELIAT NiZet
ffT 47 77 IGEs SRS NG & NES |

U8

o ¢. SETE SeRATe! FEENTE B (M), TR @SN AEEd oot (XY); ST (Tl), T s G Jid qeet |
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b, B&F @ (Wilson’s disease)

Q> PR OIS g SR S (@ =X | @S Jfere 93 @mifbe [eifre g (delayed on-
set) 905 | ©I2 @MNT G @6 mitE TR 53 (AF 0 I=F IWER WG @6 &I (0T AF | @K
ATPase membrane copper transport protein Siofes Fiee taifs 27 | TFe FIRGRT TR wfesy, IRes
(TR FF QR AT I ST FHeFaer efpfe ST (@I e =(wrepiar ¢afizy |

el

od v, T2 @ e * [ [foy wwr-arer |

GFF-fEmete @m-nfEa R et (Metabolic pathways of single-gene disorders)

OF TR 8 I ifar it feaZaeyenfcTg Sweged My @3t  ss-fom @e-apife @
fFRaAfFEERA (PKU)-93 R A= @R @e 21 (Ba q) | 9Ried Sy @3z @& s @
ST 2 @2 itTEd g4iF O | foql i@ Spifbrela fTos Afse =3- 72 (5) @it @R-BIE
ificy Afers z7; () @it @R BRI (S @0 TR S SHifee) Beolweas Fe IS
T @R () WPl g fFRaaEees wifte, Sesew Fazaamets wifte 3z e
FIRACIRAAIZT 8 7Aifre sifvoe 7 | f[F€ @M =A@ Fhoge Twa FRee Fgaaena @ SR
TRAMCAR &y WA qeria eaiserenenfas gRm@iAcee (phenylalanine hydroxylase) =t AR @ T
8 Y@ Tafelie frgemiReios 8 faeanRie Wifiee ARkee g7 | e TqE @ afs Soo
f.feT 7% 3T &7 AT o AT fFaizeriiEwios ¢ feaderaie Wittes AtF, ETT PKU @HF (g
T AT [@TT woo (AF Sooo AT IS AT | FCE @NT AZ PKU-9F TN LAMBIQTET & o117 |
SRR @fe 3¢,000 e & y&F PKU @IS fRie (its #hedl I |

Dietary yargbopienn LIByoreDy =
TR . e | e s
Ticsua _— Pmm!ah“lne ray > T““IHE ——— |{amhd.mm
Protein | Phenylalaning frenre

. : ! nvoroxviase .

foq a. feEafFEERRT (PKU) Qo sjfes set fRemigersnisrfam s syifies @fbsef Rerdh s-ieie =iy (it R |
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G O AEFO TR Suifver st SRt [endn [aine foat aue afafs swe
ST BT A | ARIE N @ Fwiserenenaa @2 Sy syities g4w 7 | i 93 SuifTe (o0
@F 8 By wfsE, AZA0TT [, (T 96T @R FRTERSHIRE ¢ Alfre ofFre 27 | f[Fg I
g @ fBeef ferea TR SaTe q13-(aATeiget SeAme iRe 2, Al ey 3ffe =ee ¢

(5) TeiRE SRYR BIRE@IPH AIR/ETS (thyroxynase) “veizcE oif3fore ART@e afgre A2aw@e
[ (o7 I | 58 @@ Hfere R[S qTemizcd AgoifEfe @t RGP @ hes (genetic
goitrous cretinism) S5I, T @M RO I 710G @PTR *ANEF @ N SRAMIFS (ST |

(R) 77 e BRI BrREFTTe (tyrosinase) Yaeistd Ef¥fers *RET 9, b 8 G JfTe
I 6T T 307 | (78 ez wibg sgeifRfers (@i a6a Tesiva pige Qe @9 <@ At
spEffEecy (oculocutaneous albanism, OCA) S&S 1T |

() T SRAEFF [P o /i @enhe sifte a speEw-ow (alkapton) @32 AR,
femigeeyEfacTe Wrolz, FETuESHRT ¢ e Hfire &7 | g @b o FRet @TIEAb e
IFTE (ot A1 Pt @A Jo@ RS T QIR @I &TF ISIER A0 G Sf Fice 36 47 I |
@NE @ SRFIE EFICG R (alkaptonuria) 3t black urine e |

|feEe @-ifE (Polygenic or multifactorial disorders)

GIF ST g FRfemetTe @e-apify R SIcEnar ST | SR $@e I R @, MGEd AN @il
e el S0 * eI ZA IS (AR 3), -(TRTET AHHF e WA (@ Affoe | Feamfa
QUCATT (TP &F A PG Noo! Sibe S Gie Seee | I2@ A1 BRI, Th T&b+ A -IZAR
G, FeTol, TG, SOCARICHERI, e A JeAfe, Seeadaes), sbaw, woiRfNey @i,
3R A% Fgw A WRRGH, TN SEmeFel, T Trwew, are at iz Tenf weaeter
FefEmEias | 6 FEH0 AR Igfea~e @H-Gifea TR, JfF-eFers!, T, Wqresad 8 it e[
T o o = |

. @A (Coronary heart disease, CHD)

T

FEMIR T foo@d 72 (lumen) T+ 71=F T NSNS SAICRTIACHEIMT (atherosclerosis) @ =7 (fo@
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B9 (stress) epifre TweAiteR Y R e |

L
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N SFT
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f/Cnmr.ary ; =
Aorta — Artery (

-Circumflex

EIC?FE;Z!W Coronary Coronary]
Artery - Artery artery
U ILeft Anterior
Descending Mague
Coronary .
Artery = . T T
Coronary Arteries : T
HEART DISEASE SYMPTOMS
Marmal Artery Marrowing of Artery Pale shin
Dizziness z,
Sweating
Chest pain,
shaulders E
andarms.
‘ —— Arrhythmi

Lipid deposit of
plagque

Coronary Artery Disease

@ b, I wafr [Fs © Fwaae (T7), (2 ot (FIa 1) '@ JACACNR IR FTHFAIR (ICAT TR |

R. T2« (Diabetes mellitus, DM)
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(gestational diabetes) B12-3 (N9 |
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RAfed IR FgFEE I IR @ AT | O Phaaie @fe s oo sfhear qea1 ot
T eSIR- I W wi@w (partial seizure) 8 e wi@w S (general seizure), It S e aT=v
(AT AT FA1 A | TSF (T T SR A3 Kafors sperseyer Rl qrares e = |
T
A W@ ¢ T ABET AR GFMP AEF@ 2F; MCRI WA @S AP, T I, SNrowqg A SEH
wefe, ufE R sFeaIfis!, (6 SRR, Toiwa e Tl uiz, Ao sggfe, TeeEr cif |
BT IR YT FFe NOIRE SR e A | A AEFNT NG LA 0® AT 3 RS AF (0o
@ S R A7) G3R ioe SHF (@ Sl ZAR) -AFFeice @6 ARe S FASe 20 AT |
YRS A § TS ABCHT ToF T W@ 7T @ [, o, P @ et (Gifee v, o
T AP 8 IS TATT ((FIE 7=r), WA-RIT (T IS, T GFOIE AqroeE 6T Twpife |

Tonic phase - 3 :

:ﬂé@/ﬁi g
foq so. PR wibe wiwR Gifve ¢ @ifas w i |

ZJ1-98
Nee



qEI

Tt IS ST (AT AREFONT YA W FA | AFOe @i eeEn EEG
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Emery, AEH & Mueller, RF. 1992 Elements of Medical Genetics.
Novitski, E. 1977. Human Genetics.

Islam, MS. 2018. Selected Lectures on Genetics.

Wikipedia, 2019.
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Sir David Attenborough. The Lost God of Easter Island.

Welcome to Rapa Nui — Isla de Pascua — Easter Island http://bit.ly/2mXXbVH
From Genocide to Ecocide: The Rape of Rapa Nui

Pinart, Alphonse (1877). Voyage a I'lle de Paques (Océan Pacifique).
Territorial division of Chile. National Statistics Institute.

http://bit.ly/20CCjnf
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Bioluminescence in the living world
Md. Badsha Alam
4" year (Honours); Roll: 9185

Bioluminescence (Gr. bios-living; lumen-light) is the emission of light from living organisms such as
fireflies, dinoflagellate protozoans and bacteria as the result of internal, typically oxidative reactions.
Luminescence is the low-temperature emission of light produced especially by physiological processes,
chemical action, friction or by electrical action. More precisely, luminescence is the creation of light by
processes that do not involve heat. Bioluminescence therefore is a type of chemiluminescence due to the
production of light by a chemical reaction. There are two molecules that are produced by the organisms,
luciferin, a pigment and luciferase, an enzyme. The chemical reaction that produces luminescence can
occur within or outside the cell.

Historical background

Bioluminescence has excited interest of investigator since the time of Aristotle. Before the development
of the safety lamp for use in coal mines, dried fish skins were used in Britain and Europe as a weak
source of light. This experimental form of illumination avoided the necessity of using candles which
risked sparking explosions of firedamp. Another safe source of illumination in mines was bottles
containing fireflies.

American zoologist Edmund Newton Harvey (Fig. 1) published in 1920 a monograph, The Nature of
Animal Light, summarizing early work on bioluminescence in animals. Harvey noted
that Aristotle mentioned about light produced by dead fish and flesh, and that both Aristotle and Pliny
the Elder (in his Natural History) mentioned light from damp wood. He also records that Robert
Boyle experimented on these light sources, and showed that both they and the glow-worm require air for
light to be produced. Harvey notes that in 1753, J. Baker identified the flagellate Noctiluca "as a
luminous animal™ "just visible to the naked eyes”, and in 1854 Johann Florian Heller (1813-1871)
identified strands of fungi as the source of light in dead wood. Tuckey, in his posthumous
1818 Narrative of the Expedition to the Zaire, described catching the animals responsible for
luminescence. Charles Darwin noticed bioluminescence in the sea, describing it in his Journal.

The French pharmacologist Raphaél Dubois carried out work on bioluminescence in the late nineteenth
century. He studied click beetles (Pyrophorus) and the marine bivalve mollusc Pholas dactylus. He
refuted the old idea that bioluminescence came from phosphorus, and demonstrated that the process was
related to the oxidation of a specific compound, which he named luciferin, by anenzyme. More
recently, Martin Chalfie, Osamu Shimomura and Roger Y. Tsienwon the 2008 Nobel Prize in
Chemistry for their 1961 discovery and development of green fluorescent protein as a tool for biological
research. In 2016, deep sea bioluminescent corals were captured for the first time in colour HD videos.

The process of bioluminescence

Bioluminescence results because of a certain Biochemical reaction. This can be described as a
chemiluminescent reaction which involves a direct conversion of chemical energy transformed to light
energy (Burr 1985, Patel 1997 and Herring 1978). The reaction involves the following elements:

Enzymes (luciferase): Biological catalysts that accelerate and control the rate of chemical reactions in
cells.
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Photons: Packs of light energy.
ATP (adenosine triphosphate: The energy storing molecule of all living organisms.

Fig. 1 Edmund Newton Harvey

Fig. 3 Jelly fish Pelagia noctiluca Fig 4 Bioluminescent annelids

Fig. 6 Bioluminescent molluscs: Big fin reef squid (left),
pelagic octopus (right)

Fig. 5 Firefly

Fig. 7 Sea salps Pegea confoederata Fig. 8 Deep sea anglerfish Diceratias pileatus

Fig. 9 Bioluminescent bacteria Fig. 10 Bioluminescent saprophytic fungus, bitter oyster

mushroom Panellus stipticus
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Substrate (luciferin): A specific molecule that undergoes a chemical charge when affixed by an enzyme.

Oxygen: As a catalyst. However, a simplified formula of the bioluminescent reaction:
ATP (energy) + Luciferin (substrate)+ Luciferase (enzyme) + O, (oxidizer) = Light (photons)

Two basic stages of bioluminescent reaction

1) The reaction involves a substrate (D-luciferin), combining with ATP, and oxygen which is controlled
by the enzyme (luciferase). Luciferins and luciferase differ chemically in different organisms but they all
require molecular energy (ATP) for the reaction.

2) The chemical energy in stage one excites a specific luminescent molecule, the combining of luciferase
and luciferin. The excitement is caused by the increased energy level of the luminescent molecule. The
result of this excitement is decay which is manifested in the form of photon emissions, which produces
the light. The light given off does not depend on light or other energy taken in by the organism and is
just the byproduct of the chemical reaction and is therefore cold light.

Bioluminescence in different organisms

Protozoa

There are numerous luminescent species are found among protozoa, viz., marine radiolarians and
dinoflagellates (Fig. 2). The light producing granules are located throughout the organism.
Dinoflagellates are the main eukaryotic protists that are capable of producing light. Within this group,
bioluminescence is present in a number of ecologically important species, many of which formblooms.
Several bioluminescent species are cosmopolitan in both coastal and open ocean regions and include
important heterotrophs (Noctiluca and Protoperidinium) and toxic (Alexandrium), or generally harmful
species (Noctiluca, Lingulodinium, and Ceratium). Indeed, dinoflagellates are responsible for most of the
bioluminescence observed in the surface ocean. Particularly when their populations are dense,
disturbance of the water during the night causes bright blue bioluminescent displays that have been
reported since at least 500 BC and are known to occur globally. As with all bioluminescence systems, the
one present in dinoflagellates is unique from both a cellular and molecular perspective. The production
of light occurs in organelles termed scintillons, which contain the luciferin substrate, the luciferase
enzyme (LCF) and, in some species, a luciferin binding protein (LBP). Scintillons are dense vesicles
approximately 0.5-0.9 um in diameter and which, during the hours of darkness, are abundant in the
periphery of the cell. Light is primarily produced in response to mechanical stimulation due to shear
stress, for example upon contact with grazers or by breaking waves. Most bioluminescent dinoflagellates
display a diurnal rhythm in bioluminescence intensity, being much brighter in the night than in the day,
when it is almost negligible. The function of bioluminescence in dinoflagellates has been less extensively
assessed and the theoretical concepts that have been put forward are only supported by limited
experimental evidence. Dinoflagellate bioluminescence is proposed to act as defense against predation
(recently reviewed by Marcinko et al.).

Coelenterates

Numerous coelenterates are known to be luminous. The most typical among them is jellyfish, Pelagia
noctiluca (Fig. 3) commonly found in the shores of the Mediterranean. P. noctiluca is a jellyfish in the
family Pelagiidae and the only currently recognized species in its genus. It is typically known in English
as the mauve stinger,but other common names are purple-striped jelly (causing potential confusion
with Chrysaora colorata),purple stinger, purple people eater, purple jellyfish, luminous jellyfish and
night-light jellyfish. In Latin, pelagia means "of the sea", nocti stands for night and luca means light;
thus, Pelagia noctiluca can be described as a marine organism with the ability to glow in the dark
(bioluminescence). Light is emitted in the form of flashes when the medusa is stimulated by turbulence
created by waves or by a ship's motion. This flashing is only of relatively short duration and gradually
fades. Some sea pens emit a bright greenish light; this is known as bioluminescence.

ZJ1-98
R



Annelids

Amongst the annelids, bioluminescence is restricted to species of terrestrial oligochaetes and marine
polychaetes (Fig. 4). Within the phylum Annelida, bioluminescence is widespread, present in at least 98
terrestrial and marine species that represent 45 genera distributed in thirteen lineages of clitellates and
polychaetes. The ecological diversity of luminous annelids is unparalleled, with species occupying a
great variety of habitats including both terrestrial and marine ecosystems, from coastal waters to the
deep-sea, in benthic and pelagic habitats from polar to tropical regions. This great taxonomic and
ecological diversity is matched by the wide array of bioluminescent colors—including yellow light,
which is very rare among marine taxa—different emission wavelengths even between species of the
same genus, and varying patterns, chemical reactions and kinetics. This diversity of bioluminescence
colors and patterns suggests that light production in annelids might be involved in a variety of different
functions, including defensive mechanisms like sacrificial lures or aposematic signals, and intraspecific
communication systems. In this review, we explore the world of luminous annelids, particularly focusing
on the current knowledge regarding their taxonomic and ecological diversity and discussing the putative
functions and chemistries of their bioluminescent systems.

Arthropods

Arthropods account with the largest number of luminescent species, most of them found in insects. Some
luminescent species are found among millipedes. Luminodesmus sequoiae lives in the mountain forests
of Sierra Nevada (California), and emit greenish light through the body. Luminescence is produced from
the cuticle, legs and antennas. The function of luminescence in millipedes has not yet been studied.

The insects constitute the richest and most diverse group of luminescent species. Harvey (1952), the
pioneer in the study of bioluminescence, compiled many reports of luminescence in insects, however,
many of them has not been confirmed yet, or were attributed to bacterial infections or ingestion of
luminous food. Today, a little more than 2000 luminescent species are described in the orders
Collembola (springtails), Diptera (fungus-gnats) and mainly Coleoptera (fireflies, click beetles and
railroad worms). Luminescent Collembola species are usually found in the soil. They emit greenish
flashes or a more continuous light. Observations suggest that bioluminescence arises from the fat body,
but detailed histological as well as biochemical studies are still missing. The biological function of
bioluminescence is also unclear. Luminescent species of cockroaches (Orthoptera) were recently found
in the Amazon forest. The order of Coleoptera includes most of the bioluminescent species. They are
found mainly in the superfamily Elateroidea, which includes fireflies (Lampyridae), railroad worms
(Phengodidae) and click beetles (Elateridae). Fireflies (also called lightning bugs) are beetles (Fig. 5).
They take from one to two years to mature from larvae, but will live as adults for only about 21 days.
While in the larval stage, the insects feed on snails and smaller insects. Once they transform into their
adult form, they do not eat.

Their light patterns are part of their mating display. Each species of firefly has a characteristic flash
pattern that helps its male and female individuals recognize each other. Most species produce a greenish-
yellow light; one species has a bluish light. The males fly and flash and the usually stationary females
respond with a flash.

Molluscs

In Mollusca, bioluminescence occurs in a great variety of organisms with distinctly different
appearances, such as the classes Gastropoda (limpets, snails and sea hares), Bivalvia (clams), and
Cephalopoda (squids and octopuses, Fig. 6). All luminous molluscs presently known are marine
organisms, except the New Zealand fresh water limpet Latia neritoides and the Malaysian land
snail Quantula (Dyakia) striata. In gastropods and bivalves, light is emitted from specialized structures
called luminous organs or photophores. The organ contains photogenic cells from which light is
generated intracellularly or from which a luminous secretion is elaborated and discharged by the animal.
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There are a number of species of bioluminescent squid that make their home in the deep sea.
These cephalopods contain light producing photophores over large portions of their bodies. This enables
the squid to emit a blue or green light along the length of its body. Other species use symbiotic bacteria
to produce light. Squids use bioluminescence to attract prey as they migrate to the surface of the waters
undercover of night. Bioluminescence is also used as a type of defense mechanism known as counter-
illumination. Squids emit light to camouflage themselves from predators that typically hunt by using
light variations to detect prey.

Due to bioluminescence, the squid do not cast a shadow in the moonlight making it difficult for predators
to detect them. While common in other cephalopods such as squid, bioluminescence does not typically
occur in octopuses. The bioluminescent octopus is a deep sea creature with light-producing organs called
photophores on its tentacles. The light is emitted from organs that resemble suckers. The blue-green light
serves to attract prey and potential mates. The light is also a defense mechanism used to startle predators
providing time for the octopus to escape.

Chordates

Bioluminescence among chordate is restricted to protochordates and fishes. Some salp species are
bioluminescent and use light to communicate between individuals when linked in vast chains (Fig. 7).
Individual salps also use bioluminescence to attract prey and potential mates. Salps are marine animals
that resemble jellyfish, but they are actually chordates or animals with a dorsal nerve chord. Shaped like
a barrel, these tiny free-swimming animals drift in the ocean individually or form colonies that stretch
several feet in length. Salps are filter feeders that feed primarily on phytoplankton, such as diatoms and
dinoflagellates. They play an important role in marine ecosystems by controlling phytoplankton blooms.

At least 1,500 species of fish are known to be bioluminescent, including sharks and dragon fishes and
scientists regularly discover new ones. Among the most iconic are deep-sea fishes like the anglerfish

(Fig. 8).

Anglerfishes are strange looking deep sea fish with sharp teeth. Protruding from the dorsal spine of the
females is a bulb of flesh that contains photophores (light-producing glands or organs). This appendage
resembles a fishing pole and lure that hangs above the animal’'s mouth. The luminescent bulb lights up
and attracts prey in the dark aquatic environment to the large open mouth of the anglerfish. The lure also
serves as a means to attract male anglerfish. Bioluminescence seen in anglerfish is due to the presence of
bioluminescent bacteria. These bacteria reside in the glowing bulb and produce the necessary chemicals
to emit light. In this mutualistic symbiotic relationship, the bacteria receive protection and a place to live
and grow. The anglerfish benefits from the relationship by gaining a means of attracting food. Black
dragon fish are monstrous-looking, scale less fish with very sharp, fang-like teeth. They are typically
found in deep seaaquatic habitats. These fish have specialized organs known as photophores that
produce light. Tiny photophores are located along its body and larger photophores are found below its
eyes and in a structure that hangs below its jaw known as barbel. Dragon fish use the glowing barbel to
lure fish and other prey. In addition to the production of blue-green light, dragon fish are also capable of
emitting red light. Red light helps the dragon fish locate prey in the dark.

Bacteria

Bioluminescent bacteria are all Gram-negative, non-sporeforming and motile (Fig. 9). Luminescent
bacteria can be found in different habitats and are widely distributed. They are more commonly found in
marine environments than in non-marine environments. There are three major genera for luminous
bacteria that have been well studied: Vibrio, Photobacterium, and Xenorhabdus. Genus Xenorhabdus are
terrestrial bacteria. Both genus Vibrio and Photobacterium are marine microorganisms that have a
symbiotic relationship with certain marine species. The majority of deep-sea fish are reported to be
luminescent, however some luminescent bacteria only exist in a saprophytic or parasitic relationship with
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their host. The bio-luminescence of bacteria ensures their survival, persistence, and dispersal as they are
able to enter and inhabit other organisms.

In luminescent bacteria, luminescence depends on possessing the lux genes for light production. The Lux
operon consists of five essential genes: luxA, luxB, luxC, luxD, and luxE. Light emission in bacteria is
catalyzed by luciferase, a heterodimeric enzyme composed of two subunits a and b which are coded by
luxA and luxB. Bacterial luciferase reduces the oxygen from surrounding environment while oxidizing a
flavin mononucleotide (FMNH2) and a long-chain aliphatic aldehyde (RCHO) to produce the visible
light. Synthesis of the long-chain aldehyde is catalyzed by a fatty-acid reductase complex composed of
three polypeptides, an NADPH-dependent acyl protein, an acyl transferase and an ATP-dependant
synthetase. These three polypeptides are coded by luxC, luxD, and IuxE. Bacteria start emitting a steady
light in the presence of oxygen when they detect their local population density by quorum sensing.
Autoinducers are produced in luminous bacteria and is excreted to the extracellular environment.
When autoinducers accumulate in the environment, they can induce the expression of the luxCDABE
gene. They produce 100- to 1000- fold more luciferase and light levels increase by 10”3 to 1076-fold. By
inserting a luxCDABE gene in non-luminescent bacteria, researchers can turn the non-luminescent
bacteria to the luminescence ones to measure and sense the growth and living condition of bacteria in
different environments. This phenomenon can be used in several areas from “detection of pathogenic
bacteria in human food sources” to detection of pollutant and toxic waste in the environment. There are
two different techniques of using bioluminescent bacteria as a biosensor: ‘lights-on’ and ‘lights-off’. The
‘light-off” way has been used already for decades for toxicity testing. “Lights-on sensors are usually
recombinant microbial cells containing a metal-response unit fused to a promoter less reporter gene
encoding for the reporting signal”. These recombinant bacteria express the luminescence encoding genes
luxCDABE as a response to presence of heavy metal such as Zn, Cd, and Pb.

Fungi

Bioluminescent fungi emit a green glowing light (Fig. 10). It has been estimated that there are over 70
species of fungi that are bioluminescent. Scientists believe that fungi, such as mushrooms, glow in order
to attract insects. Insects are drawn to the mushrooms and crawl around on them, picking up spores. The
spores are spread as the insect leaves the mushroom and travels to other locations. Bioluminescence in
fungi is controlled by a circadian clock that is regulated by temperature. As the temperature drops when
the sun sets, the fungi begin to glow and are easily visible to insects in the dark.

Conclusion
Bioluminescence is not a continuous phenomenon among the luminous organisms, especially animals. It
is a good research field for the scientists.
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"The land was first seen by a sailor (Rodrigo de Triana), although the Admiral at ten o'clock that evening
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once or twice, appearing like the light of a wax candle moving up and down, which some thought an
indication of land. But the Admiral held it for certain that land was near..."
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S FEOIRAPTE TS @I A (FICT-d%

T. Gl T T

@FIfeT-35 Jh?

@Ifee-35 (COVID-19) Rl WS F2f© TR #1eq G T FCANSIZAT AR HB FEHAF @I | 2055
A T BIta TR #1202 (@S-35 @S T INF-c@re fZene wiksk o | ww fov wow
gy (FIfee-35 @IS AR 96 fReieT SieteT T SeTeet (oo RfGE 2T G (PR (e 99 NG
RGN TS I (AT ATF | G FIRCT 020 AT T AEE 5 O i wrgy 71g (WHO) Fifee-
So@ RN RETE @@l 03 | @IfTT-35 @ TGS TE YPFENR WPl @Fe 8 O @R
TR QFH AR | G2 TG S8 QIR @I 2005 A Trmea ditas T2 *—F AR 7 I
SIS foet | 22T O3 SRAFBE “TCoH FCAMSIZAN” A T 2fb=e | #Itd O 9 (7> =7 SARS-CoV-
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IR (@FICT-35 TR @ A 6T @02 ©IZamGa 91 2019-nCoV 2 Bioe fze (Jiang et al., 2020) |
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Afeere AT | FEWSRAN FAN 5 I BIFGAE (o a2 =112z (@) @ifo, FefFewifre («)
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SARS-CoV-2 &3 ™18 A1 FIBIF JCOT LA (T (AN SR ©F NI [y 9o [eorbeaa Afsma |
AR 92 [ePbeaa 9 Angiotensin converting enzyme 2 (ACE2) | e @8 ~I13F (9%) (&ifbw
NI ACE2 [Rebad e & =@ SARS-CoV-2 ¢ (FIAT OO AR &+ R I 0T
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Spike (S1 & S2)

Nucleocapsid (N)

Membrane (M) anti-ACE-2

Envelope (E)

ssRNA -
(+ sense, ~30kb in length) .~
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FICE-35-97 HfRFIe I ZAFCcI Fifare T© e
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A TR R M (T 38 M oM @I TR &S @it (Centers for Disease Control and
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