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Bioluminescence

—PURABI SARKAR [BSC. PASSED OUT BATCH 2021]

Have you ever seen a shining sea ?

Have you ever seen the films Avatar and Life if Pi ? Have you ever thought about the magic
ofnature shown in the above films ? Is it just animation ?

Let us look at the science behind the magic and this magic in terms of science is known as

Bioluminescence

Bioluminescence

- Charles Darwin’s first entry in zoology notebook

Bioluminescence is the emission of light due to some
chemical reactions in the bodies of the livingorgan-
ism. Bioluminescence occurs widely in marine ver-
tebrates and Invertebrates, as well asin some Fungi
microorganisms including some bioluminescent
bacteria and terrestrial arthropods such as fire-
flies. It is enzyme catalyzedchemiluminescence . It is
the chemiluminiscence taking place in the body of
the living organism

and is different from fluorescence, phosphores-
cence.

Bioluminescence is not the same thing

as fluorescence, however. Florescence does
not involve a chemical reaction. In fluores-
cence, a stimulating light is absorbedand re-
emitted. The fluorescing light is onlyvisible
in the presence of the stimulating light. The
ink used in highlighter pens is fluorescent.
Phosphorescence is similar to florescence,
except the phosphorescent light

is able to re-emit light for much longer periods of time. Glow in the darkstickers
are phosphorescent.

Another term i.e biofluorescence which is similar to bioluminescence ( produc-

tion or emission of light). Though it is similar , many factors makesthem differ-
ent from each other.

Bioluminescence is chemical reaction taking place in the living organism like
Jireflies whereas Biofluoroscence is the phenomenon where organisms absorbs

light of shorter wavelength and emit light of longer wavelength likecoral
and jellyfish.

12
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CHEMISTRY BEHIND BIOLUMINESCENCE

D ? £ Protein struc-
%K’/( I ture ofluciferase
~ &

of firefly

All the bioluminescence reactions involve oxygen oxidation of the lucif-
erinwhich is catalyzed by the enzyme called a luciferase or a photopro-
teins, which is a luciferase variation which factors required for light
emission (including the luciferins and the oxygen) are bound together as

one unit

.Photo proteins are triggered to produce light upon binding another ions
orcofactor , such as Caz2+or Mg2+which causes the conformational
changes in theprotein. Photo proteins were only recently identified, and
biologists and chemists are still studying their unusual chemical proper-
ties. Photo proteinswere first studied in bioluminescent crystal jellies Ae-
quorea victoria foundoff the west coast of North America.

Some bioluminescent organisms produce (synthesize) luciferin on their
own. Whereas some do not produce their own but absorbs it from other
organisms,either as a food or a symbiotic relationship.

More importantly , the chemical reaction creates light and biolumines-
cenceis the cold light that means less than 20% of light generates thermal
radiation or heat.

Chemical reaction :

luciferase
(A) luciferin + O, — oxyluciferin + CO, + hv

(B) photoprotein + Ca?" — protein-coclenteramide + CO,; + hv
In some cases, the bioluminescence intensity is assumed to be reflect the velocity
of the enzyme substrate reaction, this intensity is used to analyzethe kinetics on
the Michaels Menten model.

Michaelis-Menten Curve

0—-',‘,

V. (£33
- SRR 2T
x_ Vo=V,

max

Vo {ps/min)

Knm (S] (ma1)
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BIOLUMINESCENCE LIGHT

Bioluminescence results from a chemical reaction that releases a large
amount of energy which, instead of being dissipated as heat as in a normal
chemical reaction,is channeled to populate the product molecule in its ex-
cited electronic state. This excited state is the same one produced in that
molecule by the absorption of radiation, so that the spectral distribution
of the bioluminescence is often the same as that of the product fluores-
cence. The color of the bioluminescence however, is sometimes "tuned" by
the protein environment of the product excited state, a property evolved
to suit the function of the light emission, that is for communication, de-
fense against predation, etc.

Visible radiation corresponds to light in the wavelength range of 400-700
nm(Figure I). Bioluminescence spectra are broad bands with widths at half-
heightaround 60-100 nm.

The appearance of bioluminescent light varies greatly, depending on the
habitat and organism in which it is found. The bioluminescence maxi-
mum of most marinespecies falls within the range of 450-510 nm (7),
whereas terrestrial organisms havepredominantly a yellow-green biolu-
minescence color. In ocean water, blue to green(400-500 nm) lumines-
cence achieves maximum transmission, whereas terrestrial species have
their maximum visual sensitivity for yellow light. Visual pigments of
most marine organisms are correspondingly most sensitive in the blue-
green region.

FigurelI: The
end- product of
bioluminescence is
visible light. The
visible part of the
spectrum is 400-
700 nm, and the
n0. 4 490 (nm) emission maxima
i of most luminous
marine organisms

460 480 500 520 540 560 580 600 620 635 (nm)

bio,lum'lnesgeno_e emission
| of marine organisms

best wavelength for
light transmission in ocean water
-ALSO-

maximal sensitivity of visual pigments falls within the
of most marine organisms

range of 450- 490

nm. ( Source —
Google)

Green Fluorescent Protein (GFP)

GFP is a protein found in jellyfish that gives green colour. The protein has 238
amino acids , three of them ( number 65 to 67) form a structure that emits visible
green fluorescentlight. GFP interacts with the photoprotein aequorin, which emits
blue colour (bioluminescence) when added with calcium. GFP absorbs the blue
light produced by the initial reaction and re- emit it at a longer wavelength as
green light which is known as resonant energy transfer.

15
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It act as a marker gene which is inserted in the interested genewhich producing
protein. It helps the Scientist to see the particular protein.

100

Do you know ?

GFP glows green under blue or UV
light and easy to detect. This workwas
considered so important that it was

Photoprotein Fluorescent

protein awarded the Noble prize forchemistry
in 2008.
425 450 475 500 525 550
Wavelength (nm)
Green Fluorescence Protein

luciferin Luminescence A\pproximate

maximum (nm) colour
Firefly luciferin 560 at pH= 7.1 Green

615 at Ph= 5.4 Orange -
Bacterial luciferin 490 Turquoise
Dinoflagellate luciferin 474 Blue -
Coelenterazine 450-480 as an anion Blue to

turquoise -
400 in the -COOH form Purple -

16
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FUNCTION OF BIOLUMINESCENCE

Defense
Schooling of fish
Luminous lure
Feeding
Communication
Meeting
Camouflage

BIOLUMINESCENCE AND PEOPLE

This bioluminescence has a wide application. Once the scientist discov-
eredthat the fireflies create luciferase and luciferin. So they use ge-
netic engineering to make this light creating reaction in other or-
ganism so thatcan glow.

They insert gene creating luciferase and luciferin in the tobacco
plant. Due to this reaction it is able to lights up. They are trying to
create this reactionin trees as there are many practical use of this.
By this way it will be possible to create energy free and environ-
ment friendly
safe lights which
can be planted at
the side of the
roads.Another
important use of
bioluminescene is
that the biolumi-

nescencebacretia
is use to detect
the pollutant In
water.
Biolights

The new “bio-light “concept of Dutch electronics company Philips
creates light in the same way as the bioluminescent living organism
like fireflies andglow worm do. Philips newest Microbial Home
project is resourceful and present which depend on the biological
process. The system uses bioluminescent bacteria which feed on the
methane and composed material which produces soft green lights.
The bacteria is housed in the wall of hand blown glass cells and
connected to the food source at the base through thin silicon tubes.
The bacteria’s food source comes in the form of methane gas which
comes from the solid bathroom waste and vegetable trimming us-

ing

17
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the methane digesters located in Philips biodigester kitchen island — the main
hub of the Microbial Home.

Light produced by bacteria is heat free compared to incandescence which is
light generated by objects heated to glowing.

Philips Biolights

Microbial Home Project Of Philips

Bioluminescence Imaging

Bioluminescence imaging is a technique that takes the advantage of the light emission
by the organisms which involves luciferin and luciferase. It is used to detect the tu-
mor growth and for the detection of cancers likeA549 lung cancer and MDA-MB 231
breast cancer. It is particularly well suited for the small animals.

Injection of mutated microbe
or bioluminescent substrate

Tumor cells == | Xenograft and === |invitro andlot in vivo | == | Pseudo-cokr image
with luciferase gene mouse models | imaging systems | and data analysis

18
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HUMAN BIOLUMINESCENCE .......... WE ARE GLOWING

Human body glimmers,emitting very low intensity light which is not
detected by the human eyes. This discoveries was made by the Jap-
nease researchers Daisuke Kikuchi and Masaki Koboyashi from the
tohoko institude of technology and were able to take the first image
of the humanbioluminescence. This was published in the PLoS One,
in the paper titled, “Imaging of Ultraweak Spontaneous Photon
Emission from Human Body Displaying Diurnal Rhythm.

As the light is not dectected by the human eyes so highly sensitive CCD
( Charged coupled device) camera. This discovery is high achievement

in thefield of biology.

Researchers stated that “the human body directly and rhythmi-
cally emitslight” and that there is the diurnal change in photo
emission.

Experimenting Bioluminescence in Humans

Researchers Daisuke Kikuchi and Masaki Kobayashi used a very
sensitiveCCD camera to observe the upper bodies of the volunteers
over a period of days

Five male volunteers stripped down, cleaned their skin, and entered a light

sealed chamber for 20 minutes every 30 hours between 10am to 10pm. The
researchers used a special ultra sensitive CCD camera kept at -120°C that can
detect individual photons.

Dark room

Subject

Observation

1. The human body emits light which is invisible to the naked eye; this light
is precisely 1000 times weaker than the human eye canperceive.

2. The human body emits light rhythmically and directly.

3. The light emitted by the human body is at its highest intensity latein the
afternoon and it is at its lowest intensity late at night.

19
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4. The forehead, cheeks and neck are the areas of the hu-

man body from which light of the brightest intensity is
emitted as comparedto other body parts.

5. It was also noted that the brightest areas noticed upon
thermal imaging of the human body did not corre-

spond with the brightestareas on these images of hu-
man bioluminescence.

Reason behind this Bioluminescence Bioluminescence in humans occurs dueto
metabolic reactions. When cells of the human body respire they producehighly
reactive free radicals. These free radicals interact with free floatingprotein

and lipids. This reaction can, at times, lead to further interaction with fluoro
phores in the human body, which leads to the emission of light.

20
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CLICKED BY—AVIK MONDAL [BSC.4TH SEM]
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Life and Depression

—DIYA PAL [BSC.PASSED OUT BATCH 2021]
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“Looser stop when they fail, winners fail till they succeed.”
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“Impossible itself says I am possible.”
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") “The life will never give us a second chance. So didn't spoil
the time stay with hope and be positive. Time is not perfect
itself. Try to make it favourable. Stay positive, everything will become positive at a
time.”
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DOWN MEMORY LANE

"'Tﬁinﬂj’ may end, hut memories will last forever”

Life is a full of memories, events, moments and experiences . Everyone has a sf/ew’a/ memory that will never fo;:gef, 9 love those ran-

dom co/@e memories that make me smile no matter wﬁﬂfkyoirg onin my ﬁ[/e m’jﬁf now.

Flcfm@ co/@e lfeisa pem’omyoﬂl/en /Wio/ of mr@ yom‘ﬁ. 9t teaches me the fo@ﬁ skills of ife, aﬁm’pﬁ’ne, friena@ﬁi//, dedhea-
tion , sincerity , joy and commitment

9 learned a lot from my teachers within 3 years. All of my teachers are very kind and humbled [erson and fﬁfiy have ﬁ/eep
énow/e@e in their J'M@'ecf . In my words , all of my teachers like Shanta mam, \S’ay'u&fﬂ mam, \S’ayﬂnmn sir, Saikat sir, Sabir
sir, Debashish sir are ﬂzﬁ 0]{70/ who ﬂm’&/e us towards success

9 don't know when time ﬁmjw/ and it's time fo say jooa/@e fo my co/@e and those remarkable p/ﬂyx. Whenever 9 sit alone are
think about my co/@e fife, cﬁemiyﬁy aépﬂrfmenf . memories with friends and there's a constant smile on my face.”

~\S’amﬁriéfﬂ Cﬁﬂ&méor@

"B.Se Cﬁemiyf;ﬂy honours, is the most /oue@ 3 years of my fife. n this 3  year we all become ﬁﬂ/ﬂ/)y cﬁemiy@ fmm@ where our teachers

are juﬂmﬁﬂm’ andwe are kids, 9 am very //,fc@ to have /oue@ and) [recious teachers like Shanta —
mam, &:@'Mﬁfa mam, &zyanfan sir, Saikat siv, Sabir siv and Debasish sir.

9 do not fotyef jaaﬁ/ memories with our hoth Lab kaku's.

The Mepmﬂfmenf X coﬂ@ﬂe \giues‘ me a ot 0}[ énaw[%{ge, enthusinsm, and| /am:vion fo do mmefﬁi@
good for life and society,

When 9 vecall my /myf 3 years, 9 rm@ missed our a@pm"fmem‘,

Al preciow' and /m/e@ memories will aﬁo@s be with me ﬁée sweet dpeam, "

- Moumita Biswas

”9Juyf want to say that,
You may he away fmm us, but your ﬂm’&/ﬂnce will never be;
6}00&/@3} are not foreuer, we are not the end, "9 will mijs'you " until we meet @m’n.

9 will miss all afyou s0 much"

~Flﬁ'yﬂ Suhana
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DOWN MEMORY LANE

"9 am Shaheen Rana Mandal. 9 was a student af Taki Government Co//eje cﬁemis’f::y ﬁ/eﬁmﬂfmenﬁ ™
First of all, thank you for ' giving me 4 chance to introduce myyeé[ about my re/aﬁom’ﬁi/a with aﬁemisﬁjy
Mepmfmenf and honourable sivs and madam of cﬁemz’yﬁy a@parfmenf. Sfu{/yinﬂ in cﬁemiyﬁy ﬁ/epm'ﬁ
ment for the fost three years and what 9 understand is that every sir and mam ﬁe/pe;/ us every moment
stood 6@ Mj’jufﬂé’ﬁ/ us and loved us . \S’/wciﬂ@ dearest to me were Dr. Shanta Mukﬁoﬂmf@@ the
former heads of our ﬁéﬂﬂm‘mem‘, Sayantan Gﬂryu@ and Or. Dehasish Patra . 9 am fofﬂ@ impreyye/
@ the effort of them, Besides our lah jm’ﬁé Prithwin uncle is very dearest frerson of mine whose [ractice
is un/mm//e/eﬁ[ 9 will never ][atyof my cﬁemiyfry class and 9 will be el‘eﬂm@ jmz‘efu/ to everyone in my
eﬁemixfty ﬁéparﬁ/nem‘. ‘

"My first /ay at ca/@e is a memorahle ﬁ/ﬂy inmy life. 9 admitted to the Co//éje in my city, that is
Taki / government coﬁ@e At first &/ﬁy 9 entered my co//e\ge and noted down the time table of my clsses
from the notice board and attend the classes, 9 am very excited on the first ﬁ/ﬂy at co//eje, because all of
the new fﬁi@x: new teachers new students, 9 was very ﬁap@ to make some new friem&

?\/fy co/@e lnboratories are also will nmnaﬂeﬁ/ and there are many modern instruments, Qur lah
juiaéy are very ﬁe/ﬁﬂf/. Co//eﬂe libraries were very ﬁe@fu[ inmy xfmfy.

Co/@e life teaches us many fﬁiny and builds our confidence to face the cﬁa//e@ef anﬁ/xt‘rwﬁ% in our
future. Our cﬁemm‘ry a/eparfmenf’x all teachers are very ﬁe@fu[ and| fm’ena@, 9 reﬂ@ missed [t 3

years of our ﬁé/mrfmenf, N
~Rekha Sarkar

9 e@‘oye&/ my co/@e life with ﬂf@ freedom . We had joo;/ éomﬁry in our friend circle, Qur ﬂrofeﬂor,v
was very supyportive. ‘Tﬁey aﬁwyy understood us very well. Each and every sir and mam appreciate us all
the time. But 9 want to sy with sadness, due to covid profaco/ we missed our coﬁeﬂe life fora /onﬁ time,

—\S’a@amcﬁi Shaw
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DOWN MEMORY LANE

1.5 years experience of Coﬂ'ge Life...

"Co//eﬂe Is a new exprerience for all students life. n co/@e, students should follow the rules and achive their dreams pur/aosefu@. 9 am
also one of them. There is on@ one fﬁinﬂ to say ahout the co/@e exprerience of mine:

TE = R
SEY

First of all 9 | got 1.5 year out of 3 years of my co/@e life for the reason of ﬁm’m@mic

£

N
4
;3 :

situation but it' enooyﬁ forme !

|
2
:

9 was e@'oye/ with my re;pecfaéé teachers ,madams & also my classmates. In other
side our lah kaku is more rapecfe&/ and loveable ferson of us, Sometimes 9 am unable to
attend all classes but 9 ﬂﬁu@y tried to attend the class and learn from that

9 also capfm'e/ pﬁofw' 50 many byfres of conversation on organic, inorganic and| ﬁ@ﬂl
cal cﬁemiyfr"y topics. Flﬁu@y we are enjoying in our &/epmfmenf of cﬁem;’s‘ffy.

At last 9 have fo say J'omefﬁinj about our teachers and madam their mymﬂ fike

1) Santa mam- (Now she is Princifm/ of Taki Government Co/@e ) "COTNAI
QT dlseipline PTN FEGTCI IR SITY FAT TS =2

2) \S’ﬂfq]‘uéfa mam - (Our preyenf HOD 0][ cﬁemz’yﬁy /epmfmenf] "COINITH
collbge SR Education I G (FTN ST (N2, 5 P14 corwame

3) Sayantan sir- "3 5 4L LA (O A2
4) Suikat sir- "2 JMEHTON SIS OICAT fRET JUN YET BT XCH (TR | JIFUN N OTCHTNT HCI "
5) Sabiv sir- "TICI ST PGy PACS AT 12"

6) Debasish sir- "CRTAT STNS SOOI G NN, (COTNAT TN GITN NS ©T2 Gyrfey |

At last, 9 can say that my overall ca//%ge life is memorable and exciting overall 9 am feeﬁnﬂ /mm/ for my co/@e, 9am also feeﬁi?g
more ﬂoo/ fo :fm@ and jm//,mfe on cﬁemixf;:y from that caﬁeﬂe. 9 also give rexﬁecﬁ[u@ thanks of all honourable teachers and madam
of Taki Government College”

—é’uéﬁﬂﬁﬂ'p Roy
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DOWN MEMORY LANE

”Co/@e life is one of the most remarkable and lovable times of an individual’s ife. Co/@e life teachers
us many fﬁinﬂy and builds our confidence to face the cﬁa/@nj&v and .vfrwéy in our future. 9 could
not understand how three years ﬂmf even fﬁo@ﬁ there was lockdown most o][ the time.

In our ca/@e, our teachers are foo énow[ea@m% and very ﬁe?afu/ fowards students, ﬁm'iry online
clsses, fﬁey fmyﬁf us very paﬁen@ with care, In offline classes, sir and mam conducted ﬁmcﬁm/
and fﬁeo;fy classes with ﬂreaf care and love. Whenever we were nof able to understand anyfﬁz’@, fﬁey
/mﬁﬂn@ L‘ﬁmgﬁf it again and. again. Our lah assistant, Prithwin uncle And Manos uncle is very
ﬁe/pfu[ fﬁf:’y used to ﬁe/p us with various fﬁirgy while a/oiry pmcﬁm/ classes,

Itis a great experience xfw@iry the Taki Government Co/@e, many memories fo cherish for life-
time. My experience of our ca//eﬂe is full of @mﬂm’ry am{qmamiry e Infinix HoT 0
= \S’@'ifﬂ sarkar

“Co/@e life is & bhest moment of our life. This time comes in all of our lives, We are kids when we  get
into co/@e but  grown ufy when we  get out, Co//eﬂe life is fru@ different life and nofﬁinﬂ compares to

it.

9 was not very jgwf in studies since childhood. Ever since 9 was in class 11, 9 loved so much

cﬁemiyﬁfy m@'ecf Camparw/ to other yu@'ecfy. After fassing 7—@53;" J'ecanﬁ/my examination decided to
jmaﬁmfe with cﬁemiyhy, 9 ﬂaz‘ admission to 15t year in Taki Govt. Co/@e in 2019. Jwent fo college on
the ﬁm’f a/ay, 9 didn't know anyone, 9 fﬁa@ﬁf everyone was very ﬂooﬁ/ at studlies excepf me, but later
everyone hecame very \gow/ friends. Sir, WMam used to ﬁe/p a lof and scolded a lot but rea@ very ﬂOOﬁ/
and loved them very much, The first semester was not very \gooa./ From the 2nd semester 9 started fo
em/yﬁm'ize my studlies and found cﬁem;‘;’f@ easier. But one /ay, a tervible virus called corona J‘W/ﬁﬁm@
came , we all became house bound and started missing co/@e 5,[6, co/@e lub, sir, madam and

friends. 9 didn’t like ;ﬂairy class, But the lst year’s classes we can do offline, it was a éy frice for us.

The exam was over in a few months, didn 't think it would be over so soon. But the friends of college

life are really different and very helpful 9t was like a different world in the college (b, alvays rushing,
shouting, running around doing nothing. college lfe is a heautiful moment in every student's lfe,
although we didn't last three years, but we had a lot of three years, but we had a lof of fun, 9 heard a
lof more,

We will miss co//e\ge fife very much,”

~Abir Das
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