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BIOTEKNOLOGI

Deskripsi Mata Kuliah

Matakuliah bioteknologi menyajikan gambaran perkembangan
bioteknologl yang digunakan sebagal pendekatan pengatasan
permasalahan kesehatan, perkembangan bidang farmasi dan
perkembangan metode penelitian. Materi yang dicakup dalam
mata kuliah bioteknologl meliputi gambaran umum bioteknologi
kultur jaringan tanaman, bioteknologi fermentasi, bioteknologi
rekayasa genetika, rekayasa protein, rekayasa jaringan,
bioteknologi dalam analisis, diagnostik dan penelitian, teknologi
antibodi monoklonal, transgenik, dan bioteknologl dalam metode
pengujian pra klinis (in vitro).




Ketentuan Perkuliahan

« Hadir tepat waktu. Toleransi keterlambatan 20 menit.
« Jumlah kehadiran 75% dalam 16x pertemuan, termasuk UTS dan UAS.
- maksimal 4x absen, 2x sebelum UTS dan 2x setelah UTS

> Melanggar = [IWNIL]37.0IR#3 (TIDAK LULUS)
« Kuliah : tatap muka, yika tidak ada kendala
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Rencana Pembelajaran Semester

Peran bioteknologi dalam dunia farmasi

Materl

UTS Pendekatan bioteknologi kultur jaringan tanaman

Pendekatan bioteknologi fermentasi

Pendekatan bioteknologi rekayasa Genetik dan protein

Bioteknologi untuk analisis, diagnostik dan penelitian

Materi

bioteknologi antibodi monoklonal.

UAS

bioteknologi transgenic dan biofarmasetikal

bioteknologi rekayasa jaringan

Aplikasi Bioteknologi dalam farmasi




Rencana Tugas Mahasiswa

Sebelum UTS case-based learning: Mini paper

e Pertemuan 3 : Kultur jaringan
* Pertemuan 5 : Fermentasi
e Pertemuan 7 : Rekayasa genetik dan protein

Setelah UTS  project-based learning: Makalah dan presentasi

e Pertemuan 13 — 15 : aplikasi bioteknologi
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TOPIK BAHASAN

Peran bioteknologi dalam dunia farmasi

Pendahuluan Ruang lingkup Produk farmasi
berdasar
bioteknologi
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PENDAHULUAN

Peran bioteknologi dalam dunia farmasi

Bioengineering '\ Engineering

Applied
Biology

Biology

\ Bioteknologi merupakan gabungan dua kata yaitu bio dan
\ teknologi.

-> Bio berarti makhluk hidup dan teknologi adalah cara untuk
memproduksi barang atau jasa

Bioteknologi adalah cabang ilmu yang mempelajari pemanfaatan makhluk hidup (bakteri, fungi, virus, dan
| lain-lain) maupun produk dari makhluk hidup (enzim, alkohol) dalam proses produksi untuk menghasilkan
barang dan jasa

» European Federation of Biotechnology (1989) mendefinisikan bioteknologi
sebagai perpaduan ilmu pengetahuan dan ilmu rekayasa yang bertujuan
untuk meningkatkan aplikasi organisme hidup, sel, bagian dari organisme
hidup dan analog molekular untuk menghasilkan produk dan jasa.

» Menurut Louchli (1987) bioteknologi didefinisikan sebagai segala teknik yang
menggunakan organisme hidup atau bagian dari organisme untuk : (a)
memperbaiki sifat tanaman atau hewan ; (b) mengembangkan mikroba
untuk tujuan khusus atau ; (¢) membuat / memodifikasi produk tanaman.
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PENDAHULUAN

Peran bioteknologi dalam dunia farmasi

History of the development of
biotechnology

Ancient Biotechnology (Pre-1800) ; "iere wil it and?

Classical Biotechnology
Modern Biotechnology s
L
) . :
¢ ifficut b predict.,
Human perams projec]
Cloning 3 ‘
PCR E—— Fe
Monocianal antibody E 8 B
DA structure Traditional Modern
GEneicE, vacsing & anincics Biotechnology Biotechnology
Domasication of plerts s ajwels, Traditional biotechnology Modern biotechnology Includes
Farmaniation includes tissue culture, DNA profiing, genome analysls;
mutagenesis, transgenesis, DNA doning,

fAncient Classical odarm
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The evolution of biotechnology
over the last century
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RUANG LINGKUP BIOTEKNOLOGI

Peran bioteknologi dalam dunia farmasi

Animal breeding/genctic iImprovement
Cryopreservation (gametes, embryos)
Artificial insemination and embryo transfers

. . Genectic diversity/heterozygosity of populations
Major areas of biotechnology Population structure analysis
Molecular diagnosis for discases
Genatic engineering (transgones)
Vaccines /pharmaceutical protein productions
Gene farming

Fermentation for enzymes/foods/vitamins/drugs
Genetic engineering/site directed mutations
Biofuel/biosynthesis and degradation
Bioconversion for natural compounds

Food and feed/brewing products

Pre/probiotic products

Whole cell biocatalysts

Productivity/quality/tolerance
and resistance
Micro-propagation

Molecular breeding

Genaome editing

Transgenic plants

Edible vaccines

Rencwable energy resources
Environmental blosensors
Treatment of wastes
Bloremediation

Pollution treatment
Biodegradation

i A L)

Genomics and drug production/personal medicines
Recombinant vaccines, pharmaceutical protains
Molecular genotyping and phenotyping

Molecular mechanisms of diseases

Genome wide association studies

Genomes/ Discasomes


https://www.researchgate.net/figure/Major-areas-of-biotechnology_fig1_330279771

Interdisciplinarity Fields of Biotechnology

Biotechnology is one of the most important applied interdisciplinary sciences of the 21st century. It is the
trusted area that enables us to find the beneficial way of life. Biotechnology has wide applications in various
sectors like agriculture, medicine, environment and commercial industries.

ggﬁg;'a" immunology ll Microbiology ll Cell Biotogy [l Biochemistry Biophysics

Science of Study of Study of Study of Study of Marfagerpent Application
heredity and ~ Study of body’s defence microorganisms  cells and their  chemical of biological of physical
Variations in biclogy at mechanisms and their interaction Processes information principles
organisms molecular effect on with in living with the help and.metl.xods
level humans environment systems of computer to biological
technology problems

. 1= o el S o = |

Crop A cultivated piant grown
MODERN BIOTECHNOLOGY commercially in a large scale

- Dnagnostlc Characeedstlcor indicative of a disease

biotechn Blomedlcal e
Engineering Engl ring Cligionl Engieeiog Pharmaceuticals :'3‘"‘9 °;’c:°:$“° “sted
Nanotechnology  appjication of Study of Conversion of raw med tmen

with biclogical : ; ¢ 2 materials into e > antibod at =
and Bloihandedd | S biomaterials and  yaiyaple forms with |+ RIS an_hg::l dos y'th % Soyfers
principles and stem cells to repair 4. application of immunity to a particular disease

applications techniques to the or replace body physical and
medical field tissue/organ life Scioncs ll Livestock

Figure 4.1: Interdisciplinarity Fields of Biotechnology

Domesticated animals kept to
produce commodities or favourites
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RUANG LINGKUP BIOTEKNOLOGI

Peran bioteknologi dalam dunia farmasi

B Red biotechnology

l.:

L

Type of
Biotechnology

Blue biotechnology : Marine and
aquatic applications of biotechnology
Red biotechnology : Medical
applications

White biotechnology : Industrial
applications

Green biotechnology : Agricultural
applications
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RUANG LINGKUP BIOTEKNOLOGI

Peran bioteknologi dalam dunia farmasi

Types of biotechnology

b S = L;:;g '_f.i-:f;:.' % ¥ £ :? f%

Red Green Blue Violet
medical and agricultural marine and OOV Ernance
pharmaceutical aguatic of ethical
anvironmaents considerations
White or gray Gold Yellow Dark
industrial bioinformatics food warfare
and data production

https://www.techtarget.com/whatis/definition/biotechnology
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Input feedstock

Sugars
(i.2. from corm, sugarcane)

Gases
(.. COz, CHas, CO, He, 8tC)

Lignoceliulosic
{l.e. pulp, bagasse,
organic residues elc.)

-
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Peran bioteknologi dalam dunia farmasi

-
Biotransformation

mechanisms

Bacteria

Yeasts

Fermentation
Fungi

Non-model

IDTechEx .
organism

Resagrcl

Cell-free systems

https://www.idtechex.com/en/research-report/white-biotechnology-2024-2034/959

RUANG LINGKUP BIOTEKNOLOGI

Production of Biobased Chemicals using White Biotechnology

f
Products

Organic acids

Alcohols

Isoprens & terpenes

Hydrocarbons

Other organic compounds

" J
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Inserting a singlo goene from the ringspot virus into papaya DNA
madie tho papaya rasistant to the virus, Let's take a closur look
at how papays was genetically esnglneseced
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https://www.nature.com/scitable/knowledge/library/history-of-agricultural-biotechnology-how- ‘

The process of genetic
engineering in papaya.

This is the first fruit
tree ever genetically
engineered (for
resistance to a virus
that kills papaya
plants), conducted by
Land Grant Universities
(University of Hawaii
and Cornell University)
in the USA
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BIOPHARMACEUTICAL

Peran bioteknologi dalam dunia farmasi

» Bioteknologi farmasi adalah bidang yang berkembang
di mana prinsip-prinsip bioteknologi diterapkan pada
pengembangan obat-obatan.

> Istilah "biofarmasi" diciptakan pada 1980-an dan
mengacu pada obat-obatan yang diproduksi dalam
proses bioteknologi menggunakan metode biologi
molekuler.

» Mayoritas obat terapeutik di pasar saat ini adalah
bioformulasi, seperti antibodi, produk asam nukleat, dan
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BIOPHARMACEUTICAL

.' Peran bioteknologi dalam dunia farmasi
Smalli Peptides Proteins mAbDbs
\ molecules
et v‘-’vZ’?& s J'
1 salicylic acid Tiptorelin e ey Rituximab B ak
MW 138 Da MW 1311 Da § naw 22,125 Da MW=150,000 Da  psw-150.000 Da

Analytical complexity

S & o &

As illustrated, proteins, mAbs, and ADCs produced from living organisms have a complexity far exceeding that

of small molecules and peptides produced from chemical synthesis.
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BIOPHARMACEUTICAL

Peran bioteknologi dalam dunia farmasi
Biopharmaceuticals from microorganisms: from production to purification

Production
bicreactor

Inaculum
Plate or Stock Flask  preparation
Culture at -80°C

¥ = ™
l—a—

Centrifugation or filtration  precipitation and/or liquid liquid
(cell harvesting) extraction

Low resolution purification steps

Viral Polishin viral Formulation: Quality Final
Cromatography - .. . g Diafiltration :
9 inactivation  cromatography filtration (Protein + Buffer + control and  pinnnameceutical

Salt + Protectants) Liofilization packaging
[ e
~ - i~ A
-

High resolution purification steps

The biopharmaceutical manufacturing technology flowchart exemplifying the upstream and



https://www.researchgate.net/publication/309470086_Biopharmaceuticals_from_microorganisms_from_production_to_purification?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
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BIOPHARMACEUTICAL

Peran bioteknologi dalam dunia farmasi

BIOPHARMACEUTICALS

Biopharmaceutical class Example
B‘o?;’c:z‘:‘“‘ T::g;‘;::' Thrombolytic agents
Blood factors Factor VIII
Factor IX
Thrombolytic agents Tissue plasminogen
(oiorv:;::z:laﬂng Growth factors Neurotrophic factors activator
Hormones Insulin
Growth hormone
Gonadotropins
‘:ﬁ:"o"_‘:::lf:h S eppcisri Haematopoietic growth Erythropoietin
factors Colony stimulating factors
IFNs IFN-alpha, -beta, -gamma
Interleukin-based products  Interleukin-2
intacterons Interisuking Vaccines Hepatitis B surface antigen
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BIOPHARMACEUTICAL

.' Peran bioteknologi dalam dunia farmasi

Biopharma product Application Companies
Insulin Diabetes Eli Lily, Novo Nordisk
Erythropoietin Anemia Amgen, Johnson & Johnson
Human growth hormone Growth deficiency Genetech, Pharmacia

' Interferon a Hepatitis Schering, Roche
Interferon 3 Multiple sclerosis Chiron, Biogen
Factor VIII Hemophilia Bayer
Tissue plasminogen activator Bloot clot Genentech
Glucocerebroidase Gaucher’s disease Genzyme
Therapeutic antibodies Cancer Glaxo, Amgen, Genentech
GCSF White blood cell Amgen, Sankyo

[N\
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BIOPHARMACEUTICAL
Peran bioteknologi dalam dunia farmasi
Forth 34 000 sq.m facility
. fusi
2017 e o e 2020
products in Lam Dong Province
= S T -
Third 24,000 sq.m facility TGA-GMP i
wlars introducz :5 :;:D 2018 for thi:jnfngzilli:ce
Center for large scale Biological

and Oncological production

gene-to-therapy
biopharmaceuticals

Second 10,000 sqg.m

WHO-GMP facility L
- > Erythropoietin alfa,
a4 T o was inaugurated with Filgrastim, Peg-Figrastim

and Bizfz;?t.::-?;-amr;:ffgcturing 2013 were launched in Asia 2010

NAMNOKINE, FICOCYTE, PEGCYTE

T T T
U.S Pat 1 Peg-I rfe -2
2015 o Pomimtoraron: 2011 s o ahod e o irst

Lambda 1 Conjugates Bio-similar in Asia - PEGNANO

First 5,000 sq.m
WHO-GMP facility

was established with three
Company incorporated 2006 production lines for biclogical
as a Viet Co Co., Ltd. manufacturing

- T —Eneea—
1997 NANOGEN

MNew brand name

https://nanogenpharma.com/our-journey
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BIOPHARMACEUTICAL

_\ Peran bioteknologi dalam dunia farmasi
Individual response  Patients taking same medication “One size fits all”
to the same - X
\ medication can vary . ® " N ) wmd ‘ ‘ ‘ ‘

“Personalized Medicine”

i
it

Serious side effects Desired response

Respands 1o normal doce
Ro1ponds 10 higher dose

7 —

Aespands Lo lower

V-3

finspands 1o altsnrnative
medis sttan

PHARMACOGENOMICS m
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Drivers of change

\ Future proofing

Supply chain and quality

Data management

Regulatory and
compliance

"
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BIOPHARMACEUTICAL

Peran bioteknologi dalam dunia farmasi

Impact on biopharmaceutical manufacturing

Evolving expectations of the regulators with regard to sterile manufacturing including
emerging critical new technology areas like continuous bioprocessing

Flexible facilities with greater flexibility, multi-product, hybrid, and completely modular
facilities are being developed

Switch from vials to pre-mixed bags requires machinery and process changes
Manufacturing parenteral ‘Ready-To-Use” products require manufacturing to be flexible
to switch from one container to another while maintaining sterility as well as set-up
and manage a manufacturing cold chain

Body sensors (e.g., wearable, implantable) require new manufacturing capability to
include chips and new fill finish configurations to make these products

Nano sensors, regenerative medicines, and nano robotics are concepts that possess
great potential to transform pharmaceutical business in future

Serialization and related changes in packaging and labeling are required and this would
provide new information
The tracking-tracing of internal movement between sites, including automated handling

processes
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Career Opportunities in Biotechnology

. Peran bioteknologi dalam dunia farmasi

. Clinical
Phal‘maceu'[lcaJ Research
Biotechnologist

Medical
Science

Environmental

Patholos
v Science

Molecular Biotechnologist

Geneticist

Animal

Toxicology Science

Environmental Biotechnologist

Biotechnology

Forensic Science Technicians

Forensic
Science

Pharmaceutical
Companies

Biostatistics Microbiology

Quality
Control

Biochemistry
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llImu Farmasi

Farmasi Bahan
Alam

Farmasi Sains &

Teknologi Farmasi R&D

Farmasi Industri Farmasi Klinik Farmasi Analisis

Bioteknologi
(rekayasa,

fermentasi,
protein, dll)

Antibodi
Monoklonal,
terapi gen

Fermentasi,
Transgenik,
Biofarmasetikal

Studi Jurnal,
inovasi

PCR, ELISA,

Kultur Jaringan Immunoassay
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Pertemuan 2
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TOPIK BAHASAN : KULTUR JARINGAN

Faktor- faktor yang menunjang

. .. i S SRS
Macam macam teknik kultur jaringan



Subkultur : pemindahan kultur ke media lain
Passage: masainkubasi

Inokulum : bahan yang diambil pada setiap
subkultur

Aseptik: steril

Asenik: satu macam organisme

Pucuk Adventif : pucuk yang terbentuk pada
tempat selain meristem (bukan jaringan asal,
misal dari kalus kotiledon, dll

Organogenesis : pembentukan batang, daun, akar
Embrio somatik : embrio yang bukandari zigot
Embriogenesis : pembentukan embrio
Androgenesis : embrio terbentuk langsung dari
kultur anther atau polen

Gynogenesis: embrio terbentuk dari ovari yang
belum dibuahi (fertilisasj

Aklimatisasi: masaadaptasiplanlet

Variasi somaklonal : variasipucuk hasil subkultur
Hibridisasi genetik : fusi protoplas selyang
berbeda

Heterokarion : gabungan 2 atau lebih inti sel
protoplasma

Cybrid: gabungan sitoplasma?2 sel atau lebih
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P e n d a h u I u a n Kultur jaringan merupakan teknik

perbanyakan sel, jaringan atau

I CED
organ tanaman dengan pada

Tissue sample from any regon of an adult plant s cultured | | Undifferertsted callus forms %r:l;segp;rgm futeraiiuig medium buatan (in Vitro) Secara
aseptik

Teknologi kultur in vitro dimulai

d N dengan spekulasi ilmuwan dari

Jerman bernama Haberlandt pada
awal abad ke 20 tentang teori

L R
M 4 / 1> o totipotensi.
. = .

— ' “I\.
/ @QQG \"| Haberlandt menyatakan bahwa
N setiap sel mampu tumbuh dan

&y

-—
— ]

berkembang menjadi tanaman
normal jika dikulturkan pada nutrisi
dan lingkungan yang tepat
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Pendahuluan

Peran dalam
Istilah Definisi Contol;n:ﬁm;mnlﬂultwr Regenerasi
9 Tanaman
Kemampuan setiap sel | Sel parenkim daun —
Totipotensi tumbuhan untuk dapat berkembang jadi Landa_s an dasar
. kultur jaringan.
menjadi individu utuh . | tanaman lengkap.
Kesiapan sel/jaringan Sebagian sel kalus
untuk merespons Menentukan sel
Kompetensi rangsangan mampu membentuk mana yang bisa
& gsangan embrio bila diberi ZPT yany
morfogenetik berkembang.
tepat.
(hormon).
Proses sel

Rediferensiasi

terdiferensiasi kembali
ke kondisi meristematik
lalu membentuk
organ/embrio baru .

Sel daun — kalus —
tunas/akar.

Tahap penting
organogenesis &
embriogenesis.
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Organogenesis

- Embriogenesis:

Pendahuluan

Embriogenesis

produksi embrio

Embrio somatik:
embrio dari somatik
atau bukan sel
kelamin

Terjadi setelah
pembentukan kalus

el il S . Eksplan: bagian tanaman untuk bahan awal inisiasi
" W kultur

rgan tumbu anr .
i Ememmary P « Kalus: sekumpulanselamorf yang terbentuk dari sel
atau dari diferensiasi
jaringan yang terus membelah

T —e « Planlet: tanaman lengkap hasil regenerasi kultur

tetapi kadang-kadang tanpa jaringan
kalus 5
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A Somatic embryogenesis

L=
direct Q
leaf explant somatic cell somatic embryo scedling
> & Pofls
indirect
immature embryonic somaltic shoot root
embryo callus embryo formation [ormation

8  De novo organogenesis

direct | ' '

proskisung shoot induction root induction

meristems

¢ €
- - v.
indirect e e
leaf pluripotent shoot root
explant callus induction induction

Pendahuluan

Different pathways of plant regeneration

[Somatic embryogenesis. J

« In the direct pathway , the somatic cell originated from
explants (e.g., a leaf) is induced to form the somatic
embryo, which subsequently drives the development of
the whole plant.

« In the indirect pathway , the explant (e.g., an immature
embryo) is induced to initiate the embryonic callus, on
which somatic embryos are formed to subsequently
develop shoots and roots.

[De novoorganogenesis.

« In the direct pathway , shoots and roots are induced
directly on the stem with pre- existing meristems.

« In the indirect pathway , pluripotent callus is produced
around the wound in a leaf explant, with formation of
shoots and roots subsequently induced.

https://doi.org/10.3389/fpls.2022.926752 7



https://doi.org/10.3389/fpls.2022.926752
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= - /Different techniques in tissue culture for
* plant regeneration can be utilized for

— the selection and genetic

e transformation of plants.

~ €

« Starting from explants under selection mediums,

Explant

D x ¥ = direct organogenesis can be achieved (A and B)
- Wi g o AT . or indirect organogenesis (C and D) through an
i s T ®.° R a A Intermediate callus phase.
_— , = e g 4 :
_=CE o g sepa— * Further, callus can be used to form intact
' =S sl somatic  plantlets through an embryonic pathway or in
isiicectortamiogansite ‘ ‘ ‘e"‘b'y°9‘?"es"3 suspension culture directly or via protoplast
C&D = culture techniques in genetic transformation
/ attempts
e 7

Suspenéion culture Protop'last culture httpS//dOIOl‘g/103390/|lf613030780 8



https://doi.org/10.3390/life13030780

Pendahuluan

il [
|

Jaringan Meristem

om
oy Tunss agical
==t perdici dari mecisiom
—— f apnkal
‘;:E;}— MERISTEM APIKAL # -

CLEAVAGE MERISTEM PRIMER R
. R PROTODERM

) ,‘_;’ MERISTEM DASAR
PROKAMBIUM

vlskdﬂ‘

Xambicm
{mecnistem Iateral)

ELONGASE

Merister yang avan
DLAMDEN L Sx &L lateral

DEFRENSIAS]
Akoar interal
Menisiom apikal akar

A

Rabrbut axar

Meristem apical akar i
dekaf WeSung skar

Jaringan meristem adalah jaringan tanaman yang memungkinkan tanaman
untuk tumbuh

shoot tip
(apical bud)

EPIDERMIS
lateral bud

flower

node
internode
node

prirmary root

lateral root root hairs

root tip
root cap



Secara umum

Perbanyakan tanaman dalam jumlah besar, seragam,
dan cepat.
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'Manfaat Kultur Jaringan

AESREHS

Menghasilkan bibit bebas penyakit (virus free
plants).

Pelestarianplasmanutfah (material genetic yangdapat
diwariskansecaraseksualatau somatik)

Produksi metabolit sekunder (misalnya alkaloid,
flavonoid

Pemuliaan tanaman (mendapatkan varietas unggul).
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'Manfaat Kultur Jaringan

AESREHS

Pemuliaanin Vitro: perbaikan dan

pengembangan varietas tanaman

» Produksitanaman haploid dan double
haploid

 Hibridisasisomatik melalui fusi protoplas
« Seleksi keragaman alami

« Mutagenensis in vitro

https://doi.org/10.1038/s41598-021-94597-4
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https://doi.org/10.1038/s41598-021-94597-4
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Metode:

Prinsip Utama

Contoh Aplikasi

Haploid & Double
Haploid Culture

Menghasilkan tanaman haploid
dari kultur antera/mikrospora, lalu
digandakan kromosomnya (double
haploid) — langsung homozigot.

Padi double haploid
untuk varietas unggul
cepat panen.

Mutasi In Vitro

Induksi mutasi (fisik/kimia) pada
kultur jaringan untuk memperoleh
sifat baru.

Kentang tahan penyakit
melalui mutasi terarah.

Fusi Protoplas

Menggabungkan dua protoplas
dari spesies berbeda — hibrid
somatik.

Anggrek hibrid dengan
warna/bentuk bunga
baru.

Seleksi Sel In Vitro

Mengkultur sel/kalus pada media
selektif (misal kadar garam
tinggi/herbisida) — hanya sel
tahan yang tumbuh.

Tanaman toleran
salinitas atau herbisida.

‘Manfaat Kultur Jaringan

https://doi.org/10.1038/s41598-021-94597-4
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https://doi.org/10.1038/s41598-021-94597-4
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AESREHS

Untuk produksi Obat: metode

alternatif untuk memperoleh
metabolit sekunder

« produksinyadapat diatur,

 kualitas dan hasil produksi lebinh konsisten,
 biaya produksi lebih kecill,
¢ mengurangi penggunaan lahan

https://doi.org/10.1007/s00425-018-2910-1

'Manfaat Kultur Jaringan

Micropropagation
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https://doi.org/10.1007/s00425-018-2910-1

Manfaat Kultur Jaringan

Mikropropagasi % }

. _Potongan Eksplan
« Pengkulturan bagian tanaman @3cm)

yang sangat keclil (eksplan)
Tanaman Induk

. . .’.f;!f R *’
secara aseptik didalam tabung
kultur atau wadah serupa

Sterilisasi Eksplan
dengan Alkohol 70%
_| naOCI 5%

Tahap Insiasi, untuk
menghindari Pencoklatan
Aklimatisasi disubkultur setiap 12-24
(2-4 Minggu) jam selama S hari

 Disebut jugaperbanyakan
klonal cepat karena &

Subkultur Berulang ‘— -
menghasilkan banyak bibit 2 é

|dent|k dalam Waktu S|ng kat Tahap Elongasi Tunas Tahap Induksi Tunas

Pustrekkom Kemdikbud



AESREHS

pemilihan eksplan
sebagai bahan
dasar untuk
pembentukkan
kalus

Faktor penunjang

penggunaan
medium yang
cocok

keadaan yang
aseptik

Lingkungan

(temperatur,
cahaya,
pengaturan udara
yang baik terutama
untuk kultur cair)



doae
= Root Shoot . ..
Plant tissue culture procedure Formnation Forasation Media tanam kultur jaringan merupakan

www.Microblologynote.com e media yangdiperlukan agar sel atau jaringan
tanaman yang diisolasidapat tumbuh dan

Multiplication .
Stage berkembang menjadi tanaman yang
9 lengkap.
- ™

»
e N

\
[ pa—

ar

. - - T— - - - -
- Media tersebut mempunyai komposisi
0 initiation Stage A RTT—pSTTee nutrien yang dapat mendukung
Callus Formed pertumbuhan eksplan sesuai dengan yang
diinginkan.
) limatizatio /
After that, The plant is transferred 4, Acclimatization o
10 a nursery where it can grow '
(b : o .
) under natural environmental }‘ (b) e i ﬁoﬁng’ Media tanam pada kultur jaringan berisi
e bica ' qﬁ’kr"ﬁ;! T kombinasi dari asam amino essensial,
4’ o garam- garam anorganik, vitamin vitamin,

larutan buffer, dan sumber energi (glukosa)

The plant is transferred into a greenhouse when the
(a) plant is started to developed. It will provide a

controlled environmental conditions for proper

development. 16




Contoh Kasus Faktor Penunjang
dalam Kultur Jaringan

Faktor yang Bermasalah Contoh Kondisi Dampak pada Kultur Jaringan

Jenis Eksplan Menggunakan jaringan tua/keras oel sulit membelah = pertumbuhan
lambat/gagal.
Sterilisasi kurang baik Eksplan tidak steril, alat/media terkontaminasi | Tumbuh jamur/bakteri — kultur mati.
pH Media salah pH terlalu asam (<5) atau basa (>6) Nutrisi t|plak terse_d|a optimal = eksplan
menguning, mati.
Zat Pengatur Tumbuh Auksin terlalu tinggi, sitokinin rendah tlil;sap;an hanya membentuk akar tanpa
tidak seimbang . . . o
Sitokinin terlalu tinggi, auksin rendah Banyak tunas kecil, tidak membentuk akar.
Suhu tidak stabil Suhu <20°C atau >30°C Pertgmpuhan terhambat, bisa nekrosis
(mati jaringan).
Cahaya kurang/berlebihan |Tidak ada cahaya sama sekali Planlet pucat (etiolasi), tidak kuat tumbuh.
Cahaya terlalu terang Daun terbakar/nekrosis.
Kelembaban rendah Ruang kultur kering Eksplan cepat layu & mati.

Manusia (teknisi) Proses pemindahan eksplan tidak hathati Eksplan rusak, kontaminasi silang.




Teknik kultur jaringan

| » Dilakukan isolasi sl tunggal yang diambil secara mekanik atau enzimatik atau dari kultur
jaringan dipisahkan selnya. Ditujukan untuk seleksi mutan maupun industr (produksi
| metabolit sekunder atau induksi poliploid)

S ER S

KULTUR JARINGAN - -
BERDASARKAN ASAL :: » (daun, batang, akar , meristem) untuk membentuk tanaman utuh
EKSPLAN N DL P

Kultur |+ Vaitu sel telanjang yang tidak mempunyai dinding sel atau dinding selnya telah rusak
Protoplas

F'rniiferasi * Pertumbuhan tunas terminal tertekan, sedangkan pertumbuhan tunas samping
] mengalami peningkatan
pucuk aksilar ||

L r

| Induksi Tunas  + nisisasi tunas adventif baik secara langsung pada permukaan eksplan yang dikulturkan

Adventif atau secara tidak langsung pada permukaan kalus eksplan yang terbentuk




Teknik kultur jaringan

‘e Kultur semua bagian tanaman, untuk
perbanyakan secara cepat, bebas penyakit

| _ e Kultur jaringan tanaman menggunakan
Kultur Kalus eksplan jaringan akar

e Kultur jaringan dengan menggunakan
teknik bioreaktor

Kultur Organ

Kultur Suspensi Sel

e Shoot tip, tujuanya untuk perbanyakan
vegetatif tanaman

Kultur Protoplasma

B Bertujuan memperoleh kalus dari eksplan

Kultur Haploid yang ditanam

.-
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New Adult Plant

Teknik kultur jaringan
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AESREHS

Surface sterilization by
Sodium hypochlorite

Incubate the culture
= {or 16 hours at 25 C‘- A aoical-t
under florescent light [ P P

Transferred Root Murashige and
to the pots development Skoog’s (MS) medium

MERISTEM CULTURE

Teknik kultur jaringan

Laminar air flow chamber

" | K
— @= Ceaas—|0000d .

Haploid
plantiet

Culturing of anther on
separation nutrient media

ANTHER CULTURE TECHNIQUE

21
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Protein function

Subcellular localization, protein-
protein interaction, western blotting,
protein secretion and transport,
and protein activity analysis.

Signal transduction

Elucidating signal transduction

pathways involved in plant growth, ———e
development, immunity and

physiology.

Transcriptional regulation
Investigating gene promoter activity
and gene expression level, and
constructing transcriptional
regulatory network.

Protoplast culture refers to the
process in which whole plants are

CRISPR/Cas9 editing

combining CRISPR/Cas9 with

Cellular process

Cell wall synthesis, cell division,
&——— embryogenesis, cell differentiation

and dedifferentiation, somatic

Estimating gene-editing efficiency,

protoplast regeneration to develop
plants with desired traits

hybridization, membrane transport.

Multi-omics analysis
Protoplast is a single-cell system
to investigate genomics,
transcriptomics, proteomics,

-
’ .‘;17‘. g gk
Pl

A O 3"
a ’g':
AP

metabolomics and epigenetics. . A

=
3

developed from the culture of cells
without cell wall

Trends in Plant Science



Teknik kultur jaringan

In protoplast culture, protoplasts isolated from any plant
part, including root, shoot, leaves, or embryo, is cultured
in an artificial media under artificial conditions favoring

PI’OtOpla Sts cell division and plant regeneration

@ ChRD

hypertonic solution, which induces the separation of the
plasma wall, leading to the exudation of cellular material
and the subsequent division of plant tissue, resulting in
the release of protoplasts

¢ 1 - . c c
. cwo6"° "‘ d The mechanical method involves placing cells in a
) @ O )

The enzymatic isolation of protoplasts represents a widely
employed technique inprotoplast extraction. It operates

on the principle of employing enzymes, including
cellulase, hemicellulose, dissociative enzymes, and
pectinase, to facilitate the degradation of the plant cell
wall, leading to the acquisition of protoplasts




Teknik kultur jaringan

AESREHS

Kultur suspensi sel Kultur Haploid (Anther/Mikrospora)

Potongan kalus disaring

digojok di media cair  q 2 haploid plantiet
/‘r-‘ 3 /
r \ +4:
i Y J ;L
Seos: embryoid
. 3t yo
\.._/'/ 5 q, \. ,
| B
- : - i Thrwaoe :.’.' :. T—’Y b ' :

N . — — . P~
|- i Anthers cultured "~ T
LT di dalam bioreaktor  Suspensi sel bebas atau nutrient medium 1 haploid

' stirer tank agregat sel




Kelebihan & Kekurangan

Kelebihan

Kekurangan

« Jumlah bibit yang diproduksi bisa banyak
» Sehat, bebas dari virus dan penyakit lain
« Relatif cepat (rate 45 perbulan)

» Seragam

« Memudahkan dalam transportasi

« Biaya lebih mahal
 Butuh skill/keahlian khusus

« Mutasi /off type akibat sub kultur berlebih
variasi somaklonal

25
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Pemilihan calon induk calon eksplan Calon eksplan
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APLIKASI KULTUR JARINGAN

AESREHS

Planlet anggrek Dendroobium NS 022/27 yang telah dikeluarkan
darl berbagal komposisi media proliferasi (padat).

NS 02/21

NS 02/27 NS 022/62

Klon 5 nomor anggrek Dendrobium hasil silangan Balithi dengan kode
NS 022/21, NS 022/23, NS 022/27, dan NS 022/62



APLIKASI KULTUR JARINGAN

e tanaman kentang

28




Tabel 1. Produks: metabolit sekunder melalun kultur jarmgan

MNama Metabolt Sekunder Nama tumbuhan penghasil
Vasine Adhatoda vasica
Artemisinin ArTemisia anmtic

Azadirachtin

Cathin

Capsiacin

Sennosides

Ajmalicine, Secologanin, Indole alkalowds,
Vincristine

Stilbenes

Berberin

Sterols

Shikonin
Ginseng sapommn
Podophyllotoxin

Taxane Paclitaxel

Azadivachia indica
Brucea javanica
Capsicum annim
Cassia senng

Carharanthiis roseus

Cevratia trifoliae

Coscinium fenustratum

Hyssopus officinalis
Lithospermum ervthroriizon
FPanax nofoginseng
Podophylfum hexandrim

Teaxus chifnensis

o - /

Metabolic engineering

A /o o
£ \ﬁep @km'\g high yielding cell line
Medicinal @
plant cells

..
l'..

H 3.
f |
g
- % Herbal medicine
Quinine
Secondary metabolites

(e.g. Quinine)

N

Extraction processing
and quality checking

APLIKASI KULTUR JARINGAN

Superior
cell line

Caoll culture after media
opti mizstion, feeding of
precursors, elicitors, two phase
systam

7

Bioreactor engineering
Appropriate bioreactor
designing, advanced
bioreactor culture
strategies, coordination of
impellor speed aznéi OUR



APLIKASI KULTUR JARINGAN

Plant regeneration from protoplasts of K. blossfeldiana
aoae ‘Charming Red Meadow’ 21 ‘a-ll alll ©

a different types of isolated protoplast

« a-I: small protoplast without chloroplasts;
« a-1I: dense protoplast with chloroplasts concentrated in the middle of the cell;

« a-ll: dense protoplast with chloroplasts distributed homogenously throughout the
cytoplasm;
« a-1V: vacuolated protoplast with chloroplasts concentrated in one zone of the cell;

b protoplast division at 3days after culture initiation;
c microcolonies 2weeks after culture initiation;

.....

d microcolonies 4weeks after culture initiation;

e green microcallus8 weeks after culture initiation;
f yellow microcallus8 weeks after culture initiation;
g shoot regenerated on the callus at 1 Aveeks;

h regenerated plants at 22weeks

scale barsa, b 25 um; c, d 50 um; e-h 1 mm 30


https://doi.org/10.1007/s11240-019-01624-4
https://doi.org/10.1007/s11240-019-01624-4
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Link Video

* https://youtu.be/xuwV3ywCxW87?t=2

* https://youtu.be/uPuxS1kxdVY?t=33

32


https://youtu.be/xuwV3ywCxW8?t=2
https://youtu.be/uPuxS1kxdVY?t=3
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Case-based learning

Topik: Kultur Jaringan dalam Produksi Metabolit Sekunder
Kasus:Produksi vincristine & vinblastine dariCatharanthus roseus

Latar Belakang Kasus

1. Catharanthus roseustapak dara) adalah tanaman obat
penting karena menghasilkan alkaloid indclterpenoid
sepertivinblastine dan vincristine, yang digunakan dalam
terapi kanker.

2. Namun, kandungan alkaloid ini di tanaman sangat rendah,
sehingga sulit memenuhi kebutuhan industri farmasi.

3. Sebuah perusahaan farmasi di Yogyakarta sedang mencal
metode alternatif untuk memproduksi metabolit
sekunder ini. Tim peneliti mengusulkan penggunaan
teknologi kultur jaringan tanaman




Case-based learning

Topik: Kultur Jaringan dalam Produksi Metabolit Sekunder
Kasus:Produksi vincristine & vinblastine dariCatharanthus roseus

Skenario Kasus

Tim peneliti mencoba berbagai pendekatan:

1. Kalus Kultur
Eksplan daunC. roseusdiinduksi pada media Murashige and Skoog (MS) dengan penambahan auksin
(2,4 D) dan sitokinin (kinetin). Terbentuk kalus putih, tetapi produksi alkaloid sangat rendah.

2. Kultur Suspensi Sel
Kalus kemudian diadaptasi menjadi kultur suspensi cair dalam medium MS. Hasil analisis
menunjukkan adanya produksi vincristine, namun tidak stabil.

3. Elicitor
Penambahan metil jasmonat (MeJA) ke kultur suspensi meningkatkan kadar vinblastine hingga 5 kall
lipat.

4. Kultur Akar Rambut (Hairy Root Culture)
Dengan bantuan Agrobacterium rhizogenes peneliti berhasil menumbuhkan akar rambut yang

menghasilkan metabolit secara lebih stabil.
3



Case-based learning

Topik: Kultur Jaringan dalam Produksi Metabolit Sekunder
Kasus:Produksi vincristine & vinblastine dariCatharanthus roseus

Pertanyaan Diskusi

1. Mengapa kultur jaringan dipilin sebagai metode alternatif untuk produksi vincristine
dan vinblastine dibandingkan menanam langsungC. roseu®

2. Apa kelebihan dan keterbatasarkalus kultur dibandingkan kultur akar rambut
dalam produksi metabolit sekunder?

3. Bagaimana peranrelicitor (misalnya MeJA) dalam meningkatkan biosintesis metabolit
sekunder?

4. Jika Anda adalah tim peneliti, metode kultur jaringan mana yang paling efektif dan
berkelanjutan untuk industri farmasi? Jelaskan alasannya.

5. Apa peluang dan tantangan penggunaanbioreaktor sel tumbuhan untuk skala
produksi metabolit sekunder di farmasi?

4



Case-based learning

Topik: Kultur Jaringan dalam Produksi Metabolit Sekunder
Kasus:Produksi vincristine & vinblastine dariCatharanthus roseus

Tugas Mahasiswa
* Mengidentifikasi masalah.
« Menganalisis opsi solusi.
 Memberi rekomendasi berdasarkan literatur.
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Topik Bahasan

Pendekatan bioteknologi
fermentasi dalam bidang Farmasi




Fermentation:
Humanity’s Oldest
Biotechnological Tool

.IIHM b Il
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Fermentasi ?

Purified ingredients

Intact cells

Growth factors

Precision
Aminoacids, fermentation Enzymes
vitamins

Flavorings, pigments
Lipids,

protein isolates

Traditional
fermentation

Biomass

fermentation Tempeh

Mycoprotein Cheese,
yogurt

Functional activity exhibited by the product

Feedstock

(raw ingredients)
Traditional

Changes food through
anaerobic digestion

Uses high protein content and rapid growth
of microorganism for production of protein
rich food

e
-

Precision _
: IS

= s
o 2
Nutrient rich broth Genome editing for functional

ingredient production

>

Applications

Texture and flavor
enhancement

Scaffolding
material

9
008
- @

Amino acids/protein

additives
Serum replacements




PENDARHULUAN

L

Gena from e.g. Production

in a multitude
of products

cattle or chicken
organism
\ Use as food enzyme
H

A
I

Production organism \
ki th otel
TeSsalca / Use in cellular agriculture
- products

Waste (spent medium,
production organism,
DNA)

Purified protein

Fermentation, a chemical process by which molecules such as glucose are
broken down anaerobically.

Respirasi sel menghasilkan energi,
tetapi merupakan proses aerobik
(membutuhkan oksigen)

Selain molekul energi (seperti
ATP), fermentasi menghasilkan
berbagai molekul, termasuk
etanol, karbon dioksida, asam
laktat, metanol, hidrogen, metana,
asam butirat, aseton, dan asam
asetat.

Contoh organisme yang
melakukan fermentasi antara lain
jamur (ragi), hewan (manusia,
sapi), dan bakteri (Clostridium).



PENDARHULUAN

Human-caused fermentation dates back to 10,000 BCE with the preservation of milk from camels, cattle,
sheep, and goats.

Dairy naturally ferments given the ideal climate and its essential microflora. In the searing temperatures
of North Africa, milk spontaneously fermented, making the first documented yogurt

The second stage The fifth stage

The fourth stage
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The first stage

The third stage




Louis Pasteur in the 19th
century used the term
fermentation in a narrow
sense to describe the changes
brought about by yeasts and
other microorganisms growing
in the absence of air
(anaerobically);

He also recognized that ethyl
alcohol and carbon dioxide are
not the only products of
fermentation.



PENDAHULUAN

Alcoholic Fermentation
2ADP +2®, S 2ATF <
Glycolysis
2 NADH m 2 Pyruvate
e =

2 Pyruvate

Fermentation

2 Ethanol

2 Acetaldehyde




PENDARHULUAN
FERMENTATION...

Preserves Enriches the Allows a Can enrich
food palette of better digestion intestines with
flavors assimilation living

of food microorganisms

n(




PENDAHULUAN
Fermentation has currently evolved
into a very important branch of

¥ v v bioengineering and has been a
. . . multidisciplinary focus in fields, such
intestina industry ) p Y : . :
as microbiology, chemical engineering,
genetic engineering, cellular
Fermented ——Y engineering, mechanical engineering,
food Aid digestion and
. and computer software and hardware
promote absorption _ .
Food engineering.
additives Inhibit harmful bacteria Sewlane With the development of modern
- biotechnology, fermentation has been
Synthetic bioactive substances

materials applied to all aspects of life; microbes
and metabolites are important in the

diabetes | | cardiopath . . .
Live - il production of fermented foods, in
probiotics allergy transformation industry, and in human health




PENDAHULUAN

breakdown of complex compounds and formaton of
beneficial catabolites (B vitamins, minerals or Omega-3 faty
acids)

prevention of food spoilage

inhibiting the growth of pathogenic microorganisms
elimination of components toxic to humans (phytates,
tmnning )

treatment of halitosis and
inflammaton

ol the oral cavity
improvement of the oral
microbiota

caries reduction

mood improvement
reduction of llcprcx&u»n
svmptoms

= protecuion against cancers
o Ll e R L

COMPOsIbOn

K. - beneficial modification of the
.«
s - = _ ol inesunal microblota ARl el .
inhibition of intestinal pathogens = _cholesierol reduction
—— prevention of constipation
t shortening the duration of viral and
bacterial diarrheas
- improving mineral absorption

reducing the symptoms of lactose
: SRELSOLRy intolerance
FERMENTED FOOD reducing the risk of obesity
l strengthening the immune system

use of contaminated raw matenals

contamination of products during the
production process

contamination at the distribution stage
of fermented foods

introducing mycotoxins
bacterial, viral, fungal
infections

formanon of biogemc amines

foods introducing drug
resistance gene carmers




PROSES FERMENTASI

Biological yeast
Warm water

(A) Mix warm water, yeast, and sugar in a jar or flask with a small neck. (B) Place a balloon over the mouth of the flask.
(C) After a few minutes, you should see the balloon inflate due to the formation of CO2 gas via fermentation of the sugar
by the yeast.
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PROSES FERMENTAS

Defined starters
with proven
industrial properties

Defined strains
with proven health
benefits

Traditionall

\_ fermentation

8.6

Reliability & taste

Health &
wellness

. Shelf Life

Consumer
Acceptance

YEAST FERMENTATION

GLUCOSE

®®€>

4 So Oz

ASFERGILLUS LACTOBACILLUS SACCHAROMYCES

§ |

LACTIC ACID LACTIC ACID CARBON DIOXIDE
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o

CHEESE, YOGURT

@ dreamstime.com ID 233171387 & Vectortdine




PROSES FERMENTASI

The main principle of fermentation is

{
to derive energy from carbohydrates in Q.
the absence of oxygen. é('% = =
Glucose is first partially oxidized to

pyruvate by glycolysis.
Then pyruvate is converted to alcohol
or acid along with regeneration of

. . . Micro-organisms (Natural Aerobic/ Anaerobic
NAD+ which can take part in glycolysis Bopiilatior/Stsrier cultures ﬂ

Engineering of Fermentation
fungal-biofactaries optimization

Fragrances

to produce more ATP.
Fermentation yields only about 5% of

the energy obtained by aerobic [Raw Material | B> [ Fermented Food]

respiration.

Release of Bioactives
from the food
constituents




PROSES FERMENTASI : TIPE FERMENTASI

¢ Glucose - Lactic acid

e Homolactic fermentation is carried out by bacteria belonging to the genera Lactococcus, Enterococcus,
Streptococcus, and Pediococcus, and by some species of the genus Lactobacillus.

¢ Homofermentative LAB ferment glucose to lactic acid.
e Lactococcus spp. is used in the dairy starter culture.

e Glucose - Lactic acid + Acetic acid + Ethyl alcohol + 2CO2 + H20

» Heterolactic fermentation is carried out by bacteria of the genera Leuconostoc, Oenococcus, and Weissella, and by
heterofermentative lactobacilli.

» Heterofermentative LAB ferment glucose with lactic acid, ethanol/acetic acid, and carbon dioxide (CO2 ) as by-
products.

e Glucose = Lactic acid + Propionic acid + Acetic acid + CO2 + H20

® Propionic acid fermentation is carried out by several bacteria that belong to the genus Propionibacterium and the
species Clostridium propionicum.

e During propionic acid fermentation, both sugar and lactate can be used as the initial substrate.

e When sugar is available, these bacteria use the EMP pathway to produce pyruvate; the pyruvate is carboxylated to
oxaloacetate and then reduced to propionate via malate, fumarate, and succinate.

® The other end products of propionic fermentation are acetic acid and CO2.




PROSES FERMENTASI : TIPE FERMENTASI

*Glucose - Ethyl alcohol
eAlcoholic fermentation is the best known of the fermentation processes.

e|t is carried out by yeasts and some other fungi and bacteria.

*The first step of the alcoholic fermentation pathway involves pyruvate, which is formed by yeast via the EMP pathway,
while it is obtained through the ED pathway in the case of Zymomonas (bacteria).

*The redox balance of alcoholic fermentation is achieved by the regeneration of NAD+ during the reduction of
acetaldehyde to ethanol.

*Glucose - Acetic acid + Butyric acid
eButyric acid fermentation is characteristic of several obligate anaerobic bacteria that mainly belong to the genus

: u yrlc aCI ) Clostridium.

ePyruvate is in turn oxidized to acetyl-CoA, with the production of CO2 and H2.

fe r m e n tat i O n ePart of the acetyl-CoA is converted into acetic acid, with ATP production.

eSome bacteria, such as Clostridium acetobutylicum, produce fewer acids and more neutral products, thus carrying out

acetone butanol fermentation.

Dla Cetyl an d 2’ 3- » Citric acid-> Pyruvic acid + Acetylmethylcarbon = Diacetyl ; 2,3-Butylene glycol
e Butanediol fermentation is carried out by members of the genera Enterobacter, Erwinia,

bUtyle ne glyCOI Hafnia, Klebsiella, and Serratia.

* The reactions that lead to the production of 2,3-butanediol involve a double decarboxylation

fermentation step.




PROSES FERMENTASI
TIPE FERMENTAS

Pyruvi acid

vl W

Aspergillus
Organisms  Propionibecterium sl:'a:tbaam:s
OCOCCUS

! ! ! ! !

€O;. propionic acid Lactic id €Oy, ethanol Acztone, Aceticadd  NAD'
l I Isopropanol l

fi

Farmentation

2 Cheddar cheese, Nail polish remover,
Swiss NeesE  yonurt soy sauce Wine. beer bing akcohol
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One loopful 30 mL of 1st seed

spor 30°C for 5 days culture
L E 30°C for 2 days

PROSES FERMENTASI i ot

On rotary shaker

Culture of 30 mL of 1st 300 mL of 2nd

producer seed medium seed medium

organismon in 250 mL in2L

agar slant Erlenmeyer Erlenmeyer
flask flask

Product Organism Use

1.5 L of 2nd 15 L of 3rd
seed culture seed culture

\ 30°C for 2 days
Ethanol Saccharomyces [ndustrial solvents, el Aeration: 15 Limin

. 4 Agitation: 250 rpm
Cerevisiae beve rages

e — et

Glycerol Saccharomyces Production of 15 L of ard coiL D

seed medium in seed medium in

cerevisiae explosives 30 L stainless 300 L

steel jar fermentor fermentation tank

Lactic acid Lactobacillus Food and 60 L of 4th

seed culture

bulgaricus | pharmaceutical e

Acetone and Clostridium Solvents Wt 30°C for 4-5 days

Aeration: 60 L/min = Aeration: 500 L/min

hL‘I[E! I'Iﬂl HL"Efﬂ b“ i]-"“l':um Agitation: 150 rpm Agitation: 150 rpm
e

60 L of

fermantation medium
in 1000 L

fermenta

o-amylase Bacillus subtilis Starch hydrolysis




PROSES FERMENTASI

SOURDOUGH
BREAD

]

KIMCHI §
SAUERKRALT

WINE § BEER

SOY SALCE §
MISO

YOGHURT* ROMBLCHA

PROBIOTIC PROBIOTIC
SUPPLEMENTS KEFIR

* WHICH HAVE SPECIFIED
BENEFICIAL MICROBES

Lactic acid bacteria

e.g. lipoteichoic @
acid

Bacteriocins




Number of cells

4 | 1 Stationary Phase
Exponential | SR

Phase

PROSES FERMENTASI :
PERTUMBUHAN
MIKROORGANISME

Decline/death Ph\ase

e e -

>
Time (hours)

Inoculation

Growing Microbes Metabolisms Metabolites
phase

Lag phase Individual growth Anabolic metabolism dominates in cell, extracellular enzyme Enzymes
synthesis and transshipment, substrate begin to degrade

Logarithmic ~ Individual reproduction, population All kinds of metabolism are very high Enzymes, functional polysaccharide, polypeptides, etc. Primary
phase growth increasing geometrically metabolites, such as alcohol, amino acid, pyruvate, and citric acid

Stationary Population growth and the rate equal to = Accumulation of metabolites begins the secondary metabolism  Secondary metabolites, such as antibiotics, hormones, toxins, and
phase the death pigments

Decline phase ~ Growth is inhibited by substrate, and ~ Old cell degradation, and new microbe population begins the Nucleotide, spore, sulfide, amino, monosaccharide, secondary

the cells begin to autophagy new metabolism metabolites .




PROSES FERMENTASI :
PERTUMBUHAN MIKROORGANISME

* For fermentation products (lactic acid, etc.) whose

Stationary phase ) _ . )
‘Nutrients depleted production depends on increasing bacterial growth or for
"Growth slows other metabolic products whose production parallels

W *Spores form bacterial growth, the stationary phase is the best time for
@ harvest.
- * To avoid the adverse effects of accumulating certain
T Log phase metabolic products during growth, some microbes begin
'E Rapid cell division Death phase using a type of metabolism conducive to survival; they start
3 Dt iare: 8 waidte to synthesize secondary metabolites via complex secondary
o products accumulate metabolic pathways.
o * Secondary metabolites, such as antibiotics, hormones,

Lag phase

Metabolic activity without division

pigments, and toxins, are low molecular mass, structurally
complex organic compounds with diverse biological
activities. Secondary metabolites are not directly involved in
growth, development, or reproduction




PROSES FERMENTASI :
PERTUMBUHAN MIKROORGANISME

|

T |
J ’/ )
/ \ 4 \
L ‘ ¢ \ v ‘
Rovtman drii

Incubation Bacterial growth Lactic and acetic Y ————
analyses_ acid determination composition

T

In vitro
digestibility

- WLl




PROSES FERMENTASI :
PERTUMBUHAN MIKROORGANISME

L. helviticus :
L. helviticus Ferment
< —
inoculum

o P = ‘0 @
@0 e*"o
Inoculated LHFHS

sample sample

Hydrate and
sterilize
e —

Heilong48 Sterilized

soyvbean sample {
flowus ) —
[LHFHS extract

Novel solid-state fermentation extraction of 5-O-caffeoylquinic acid from heilong48 soybean using Lactobacillus helviticus. 5-CQA has tremendous
application in food, pharmaceutical and cosmetic industries.
Chlorogenic acid (CGA), also known as 5-O-caffeoylquinic acid, is a polyphenol commonly found in human dietary products, especially in coffee beans.




PROSES FERMENTASI :
PERTUMBUHAN MIKROORGANISME MENGHASILKAN BIOFUEL

Substrates

(Carbohydrates, Lipids, Lignocellulose, CO,, Methane etc.)

Pre-treatment Sun light

Bioelectrochemical Bioelectricity
devices Biohydrogen

Ethanol /——\—’-—JMOH‘/ ‘ADH:/’ Isobutanol

‘CitricAcid cycle. A= propanol

- _— Keto-acid Pathway 1-butanol
Isopropanol 2-methyl-1- butanol
1-butanol Pyruvate 3-methyl-1-butanol
1-hextanol

1-octanol (Fracursor) Isopl’enoldPath\nLaV

T e O 5-methyl-1-butanol
e e e \ 1-isopropyl-4
Acetyl-CoA

methylcyclohexane
/ {(Precursor) Pinene dimer
ratto nold Blosvathiactall Farnesane
Alkanes - Fatty acid Biosynthesis

Bisabolane
Alkenes
Fatty alcohols

Microorganism




PROSES FERMENTASI :
PERTUMBUHAN MIKROORGANISME

" Pure cultwe fermentation Mixed-culture fermentations offer a number of advantages

* Theoretical selection  the evaluation of sensoric

of suitable properties and product over conventional single-culture fermentations:

microorganisms formation

* Product yield may be higher. Yogurt is made by the fermentation of milk with

* Identification of optimal process Streptococcus thermophilus and Lactobacillus bulgaricus.

parameters (p02, T, pH, .
substrate concentration, e The growth rate may be higher

inoculation rate) in pure

Rlps * Mixed cultures are able to bring about multistep transformations that would

be impossible for a single microorganism. Examples are the miso and shoyu
fermentations in which Aspergillus oryzae strains are used to make koiji.

* In some mixed cultures a remarkably stable association of microorganisms
may occur.

e Compounds made by a mixture of microorganisms often complement each
other and work to the exclusion of unwanted microorganisms.

« Combining the * Mixed cultures permit better utilization of the substrate.

process parameters

: e Mixed cultures can be maintained indefinitely by unskilled people with a
in co-culture process

minimum of training. Mixed cultures offer more protection against
contamination.

e Mixed-culture fermentations enable the utilization of cheap and impure

* Processing: filtration, * Evaluation of the product,
adjustment of process substrates.
parameters, if required

pasteurization, filling,
storage stabilit

* Mixed cultures can provide necessary nutrients for optimal performance



PROSES FERMENTASI :
PERTUMBUHAN MIKROORGANISME

* Pure culture fermentation
* Theoretical selection  the evaluation of sensoric
of suitable properties and product
microorganisms formation

* |dentification of optimal process . o 20 . 0 e
kil © Scientific study of mixed cultures is difficult

substrate concentration,

inoculation rate) in pure e Defining the product and the microorganisms employed
I ltures . .
A becomes more involved in patent and regulatory procedures.

e Contamination of the fermentation is more difficult to detect
and control.

e When two or three pure cultures are mixed together, it requires
more time and space to produce several sets of inocula rather
than just one.

* Combining the

st hiiob e One of the worst problems in mixed-culture fermentation is the
control of the optimum balance among the microorganisms
/Q\\, j involved. This can, however, be overcome if the behavior of the
+ Processing:filation, * Eveluationof te product microorganisms is understood and this information is applied to
et ey, S o their control,

storage stability

26



APLIKASI TEKNIK FERMENTASI

A) Lactic acid fermentation

Vinegar

7 _t Kefir, yogurt and
\
N

cheese

Lactose Lacrobacillus Probiotics
Energy for growth Valuable end products

B) Alcoholic fermentation

Breads and cakes

—_—t Medicines
Biofucls
Glucose Saccharomyces cerevisiae

Encrgy for growth -
e g Valuable end products




APLIKASI TEKNIK FERMENTASI

A EtOH |
/

7

H L-Lysine l
w{’G!yane |

-(um -Threonine ]

Amino acids }—

H L-Phenylalanine |

Y

[ Xanthan gum }\__{ Polysaccharides :  L-Aspartate |
{L-Cysteineia

Vltamm C.

[V“ = 82 ——{ Vitamins }—— t h '
itamin ¥ Fermentation {'—
‘ ; 6-APA J

chemicals -
: Pencillins Pencillin G |
{ Amoxicillin |

Saccharifying enzyme (glucoamylase) 1\

{ u-Amylases :;»Q;—{ Enzymes | L 7-ACA

- - PRI < = )
[ Proteases } [Cephalosponns ’{-ADCA_I

Cephazolin~

{ Macrolides |

C:mc acid

N e —— [ Lactic acid J
\— Organnc acnds

aconic acid ]

Mal;c acid



https://www.sciencedirect.com/science/article/abs/pii/B9780444533494002582

APLIKASI TEKNIK FERMENTASI

O Penicithurm mold © Scientists grow moid in € Scientists separate the © Penicillin is purified
produces the deep batch fermenters penicillin from the mold for use as an
antiblotic peniallin by adding sugar and antibiotic medicine

other key ingredients

e Production of antibiotics

e Production of insulin
e Production of growth hormones
e Production of vaccines

e Production of interferon

Fermentation Penidllin Antibiotic

PENICIAN s
growth

motecule medicine

29



APLIKASI TEKNIK FERMENTASI

Human Insulin Production

[Application in medicine J

e Production of antibiotics ' ﬁ
Human s r‘;\
Introduction of
I i i pancreas cell

e Production of insulin (IGUNRSICRIE LN Recombinant Human insulin

into a bacterial cell

. Human msuhn Bacterium
e Production of growth hormones producing gene

. . Extraction &
e Production of vaccines ek ot

e Production of interferon

Recombmant ' Recombinant
DNA Q/ bacteria multiplying

and producing
o Q) human insulin in
fermentation tank

Plasmid DNA cut with
Bacterial DNA restriction enzymes Fermentation

: Tank
Plasmid ;
DNA i

Bacterium Human insulin




APLIKASI TEKNIK FERMENTASI

Toxin purification

[Application in medicine J and inactivation
e Production of antibiotics N jg
e Production of insulin — ¢ |
Purified toxoid
e Production of growth hormones P

"~
|
|
i

e Production of vaccines
e Production of interferon

_8__ . /
Seed stock Pre-culture Large-scale —

and fermentation
scale-up Whole culture Bacterin-toxoid
inactivation formulation




APLIKASI TEKNIK FERMENTASI

Host cells options

Development ' Plasmid _ ' I:'
[Application in medicine J o FC)T ™™ smmmts i

e Production of antibiotics

Cell harvest Cell expansion/production Coll oo
e Production of insulin PA e .
> : .| vy -.-i
e Production of growth hormones B cos B B !’. -

Bloreactor

e Production of vaccines
. . Product copture Polishing chromatography
e Production of interferon 1 | centdisruption '

Cell culture
supernatant

)

Final bBlopharmaceitica



APLIKASI TEKNIK FERMENTASI

* Production of fermented foods as
cheese, wine, beer, and bread to high-

value products

e Food grade bio preservatives
e Functional foods/Neutraceuticals

e Production of single-cell protein

THE BENEFITS OF FERMENTED FUODS

WHY EAT FERMENTED FOODS?

BY APAGE

ENZYMES

Increased enzyme
content helps you
absorb nutrients,
reducing the need
for vitamins and
supplements.

PROBIOTICS

These good bacteria
help restore balance
in the gut and aid

digestion and immune

health.

SAFETY
The lactic acid
created during the
fermentation
process
kills E. coli, making
it safer to consume

PRESERVATION
The lacto-

fermentaton process

stores food longer
than canning
without depleting
nutrients,

NUTRITION

The fermentation
process increases
the nutritional
value by enriching
certain nutrients,

33



APLIKASI FERMENTAS| [Iuaitas B

& bioavailability

iotic microorganisms
Augment

Fermentation

L)

Probiotic
bacteria

seRBeeRe g
LA = & & & 2 & 5

Carbohydrates Proteins Lipids v
Novel Functional Foods

¥ =
i

ST P )
| Probiotic mediated fermentation T —

oh 7 biotransform polyphenols
l \ : , 'i improve sensory experience

production of novel metabolites

Synthesis of -Improved fatty acid profile
bioactive peptides -Enhanced short chain fatty acids profill | fe::r"z?"t‘;tt'i%n increase bioactive potential

-Short chain fatty acids  _Amino acid -mproved food flavour

-Shart digestible metabolism and Polyphenols rich foods
carbohydrates absorption

-Improved protein https://fppn.biomedcentral.com/articles/10.1186/s43014-022-00101-4
digestion

enhance the phenolic profile

augment bioavailability

improve anti-inflammatory activity




PROBIOTIC FERMENTATION

Phenolic food source  Probiotic microorganisms used Effect of fermentation Reference

ea extracts | actic acid bactsria Production of novel compounds (quercetin and pyrogalloll; increased cellular

Eiwafmat juice Lactic acig hackeria Production of r T - Protocatechuic ackd and cateching increased phenolis

d antioidant

https://fppn.biomedcentral.com/articles/10.1186/s43014-022-00101-4



PROBIOTIC FERMENTATION

Fermented Food vs. Probiotic

Fermented Food

- fMade by live microbes

P ust contain live
microbes

* fMust contain lve

microbes = Live microbesmight not

MMust be tested and
shown to hawve health
benefit

Must deliver level of
live microbes shown to
confer benefit

survive into the food you
consume [ post-
fermentation processing)
M ay not hawe been
tested for health
benefits beyvond basic
rnutritional value

Likely heakhy dietarny
components, but may
not meet the bar to be
called a probiotic

PMust be tested and
shown to hawve health
benefit

The health benefit
must result, at leastin
part, from the live
microbes present
The health benefit
must go beyond
meeting basicmicro-
and macro-nutrient
nutriticonal needs

PMust deliver level of
live microbes shown to
confer benefit




APLIKASI TEKNIK FERMENTASI

e |t is also used for waste management
such as biofuels production (biodiesels,
bioethanol, butanol, biohydrogen, etc).

e |t is also used to produce bio-surfactant,
polymers production such as bacterial
cellulose production.

Lignocellulosic
biomass

e Development of bioremediation
processes (involving microbes or their
isolated enzymes) for soils and
wastewater treatments.

Mixed substrate

Coculture

' Engineered microbes

Advanced pretreatment

lonic liquid Supportive materia

Super critical CO,

Low temperature steep delignification Fermentation

Cosolvent enhanced lignocellulosic fractionation

+ Mediz out
Medi in

I

W

H, + Bio-alcohol

-+ H, + Volatile fatty acid

=+ H,+ Methane

J

w
w
v
9}
Q
—_
Q
9
9
O
v
.
m
1.
£l
w
-
I
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APLIKASI TEKNIK FERMENTASI

* |tis also used for waste management e WASTE:
such as biofuels production (biodiesels,
bioethanol, butanol, biohydrogen, etc).

e |t is also used to produce bio-surfactant, ‘
polymers production such as bacterial o B STARCH | |
cellulose production. } e

‘ 3.2 lons O potao juce

e Development of bioremediation
processes (involving microbes or their
isolated enzymes) for soils and PRODUCT
wastewater treatments.

LOW-END PRODUCTS

Biogas prodociion

Animal fesd Fertlizer

Seurce of nerogen
In yeast atires

HIGH-END PRODUCTS

BACTERIAL CELLULOSE PRODUCTION

& ——* Medicine
ey —— Cosmetic industry
i -~ Food industry
IR = Textue industry
= Electronics




APLIKASI TEKNIK FERMENTASI

Anaerobic co-
fermentation

e |t is also used for waste management

Barley crop
such as biofuels production (biodiesels, ’
bioethanol, butanol, biohydrogen, etc).

e |t is also used to produce bio-surfactant,
polymers production such as bacterial
cellulose production.

e Development of bioremediation
processes (involving microbes or their
isolated enzymes) for soils and

wastewater treatments. *
> Biochemical

Sludge Hydrogen Potentia

Wastewater




APLIKASI TEKNIK FERMENTASI

pathogens ‘ . * antiblotic resistance

e 4 7+ horizontal gene transf
e It is also used for waste management "”! !’ t antiviotics , ‘/ S
such as biofuels production (biodiesels, e f v -
bioethanol, butanol, biohydrogen, etc).

o

ACTIVATED

. . SLUDGE SECONDARY
e |t is also used to produce bio-surfactant, PRIMARY CLARIFICATION

DISINFECTION

SCREEN  CLARIFICATION

polymers production such as bacterial
cellulose production.

e Development of bioremediation
processes (involving microbes or their
isolated enzymes) for soils and
wastewater treatments.

WATER REUSE:
* antibiotic resistance

* pathogens
LAND APPLICATION:

* antibiotic resistance

» disinfection byproducts

* pathogens

ANAEROBIC
DIGESTION




HOW TO MAKE

""—;.ﬁ,‘m'! 4
w -

7 cups water | cup kombucha SCOBY!
Y2 Ccup sugar
4 bags tea

T -

il SCOBY KILLERS

' dacaf taa
flavored wa
o honay
metal
14 cups water KOMBUCHA! refrigeration
1 cup sugar antibactarial soap
8 bags tea
1SCOBY
Z2 cups kombucha

FAVORITE FLAVORS

: ﬂ ainger + lemaon

mint + ime

.‘i \ - pineapple + basi!
: A o Mmango « pepper
= vanilla + orange
apple + cinpamaon
14 cups kombucha CARBONATION!
favorite Nnavors

BREW {i BUCH

new SCOOBY bubbles showing
growth active fermentation

yoout atroais

wyer Of apont yeaeT

Kombucha is a fermented beverage made from brewed tea and
sugar.

The kombucha process resembles Vinegar fermentation. Like
vinegar, kombucha is a yeast fermentation of sugar to alcohol
followed by a bacterial fermentation of alcohol to acetic acid.
Ferment for 7 to 10 days: Keep the jar at room temperature, out of
direct sunlight, and where it won't get jostled.

Ferment for 7 to 10 days, checking the kombucha and the scoby
periodically. It's not unusual for the scoby to float at the top,
bottom, or even sideways during fermentation



Preparation of final ice cre

(100%) by blending 30%

S
QQQO L
0
Pasteurization : Incubation at 37°C

\ at75°Cfor30min |/ | or42°C until pH 4.7

Milk with or without
dietary fibre



https://www.mdpi.com/2311-5637/9/1/3
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GLOSARY

Microorganisms: Organisms that cannot be seen with the naked eye, requiring a microscope.
Biotechnology: The science of creating new or modified products using living organisms.

Anaerobic Pathway: Biochemical reactions that do not require the presence of oxygen.

Lactic Acid Fermentation: Biological process where sugar is converted into lactate and cellular energy
(ATP).

Alcoholic Fermentation: Biological process where sugar is converted to ethanol and cellular energy
(ATP).

ATP: Main energy coin used by living beings.

Ethanol: It is the most common alcohol present in our lives.

Probiotic: A usually dairy food or a dietary supplement containing microorganisms that replace or add
to the beneficial bacteria normally present in the gastrointestinal tract.

Pathogen: Capable of causing disease.

Biofuel: A type of fuel made using living or once living material, such as plant material, which can
serve as a replacement for petroleum-based fuels like gasoline.



Thank you

See you next week
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Case-based learning

Topik :
“Dari Mikroba ke Molekul: Inovasi Produksi Senyawa Bioaktif Melalui
Fermentasi Modern”

Tujuan Pembelajaran (Learning Outcomes):

v Mampu menjelaskan proses produksi antibiotik, hormon, enzim, dan vitamin melalui
fermentasi mikroba.

v Mampu membedakan karakteristik kultur murni dan kultur campuran, serta aplikasinya.

v Mampu mengidentifikasi faktor yang memengaruhi yield dan kestabilan produk
fermentasi.

v Mampu menilai peran teknologi modern (bioreaktor cerdas, fermentasi berkelanjutan,
biosensor) dalam optimalisasi proses industri.

v Mampu mengembangkan strategi pemecahan masalah nyata di industri bioteknologi.



Case-based learning

DESKRIPSI KASUS

¢ BioSyn Farma adalah perusahaan bioteknologi yang sedang mengembangkan berbagai
produk berbasis fermentasi, antara lain antibiotik, hormon rekombinan, enzim industri,
dan vitamin.

Perusahaan menghadapi tantangan ketika melakukan scale-up fermentasi ke skala
industri: hasil produksi menurun, aktivitas enzim tidak stabil, dan kontrol proses menjadi
lebih kompleks.

** Manajemen kemudian mempertimbangkan pendekatan baru, yaitu penggunaan kultur
campuran (co-culture) dan teknologi fermentasi modern berbasis sensor serta kontrol
otomatis.

Tim pengembang diminta menganalisis berbagai aspek agar proses produksi dapat
dioptimalkan.



Case-based learning

Pertanyaan Pemicu Diskusi (Pilih 1 Pertanyaan per Kelompok)
Tiap kelompok memilih satu pertanyaan yang akan menjadi fokus analisis utama.
Pastikan seluruh pertanyaan terdistribusi agar kelas mencakup keseluruhan alur proses fermentasi.

Pertanyaan Pemicu Fokus Analisis

Mengapa hasil produksi antibiotik atau vitamin dapat menurun Aspek teknis proses (pH, aerasi, nutrisi,
ketika fermentasi diskalakan ke volume besar? desain fermentor).

Apa kelebihan dan tantangan produksi hormon rekombinan melalui | Rekayasa genetika, ekspresi protein, dan
fermentasi dibandingkan sintesis kimia? kontrol kualitas.

Faktor apa yang paling berpengaruh terhadap kestabilan dan yield | Fisiologi mikroba, induksi enzim, kondisi
enzim hasil fermentasi mikroba? fermentasi.

Bagaimana konsep kultur campuran (co-culture) dapat Interaksi mikroba, sinergi metabolit, dan
meningkatkan hasil fermentasi dibandingkan kultur tunggal? kontrol ekologi.

Teknologi fermentasi modern apa yang paling potensial untuk Sensor in-line, sistem otomatis, Al-based
mengoptimalkan produksi bioteknologi? process control.




Case-based learning

Petunjuk Kegiatan Diskusi

a. Baca dan pahami deskripsi kasus bersama kelompok.

b. Pilih satu pertanyaan pemicu sebagai fokus analisis kelompok.

c. Diskusikan dan tuliskan hasil analisis dengan memperhatikan:
1.Latar belakang ilmiah terkait pertanyaan.
2.Faktor-faktor yang memengaruhi masalah dalam kasus.
3.Strategi atau solusi yang bisa diterapkan BioSyn Farma.
4.1lustrasi atau bagan pendukung jika diperlukan.



Case-based learning

Lembar Kerja Kelompok
Nama Kelompok / Anggota:

Analisis Singkat:
1. Masalah yang Dihadapi BioSyn Farma:



Thank you

See you next week
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- REKAYASA GENETIKA

Genetic engineering (also called genetic
modification) is a process that uses
laboratory-based technologies to alter
the DNA makeup of an organism. This
may involve changing a single base pair
(A-T or C-G), deleting a region of DNA or
adding a new segment of DNA.

Genetically Modified Organism (GMO)
Bacteria, Plants, Animals, Viruses

'.’0
—
S

o

Organisms created by genetic
engineering are called genetically
modified organisms (GMOs).




- REKAYASA GENETIKA

For example, genetic engineering may involve adding a gene from one species to
an organism from a different species to produce a desired trait. Used in research

and industry, genetic engineering has been applied to the production of cancer
therapies, brewing yeasts, genetically modified plants and livestock, and more.

BASE PAIRS

ADENINE THYMINE

L
GUANINE CYTOSINE

SUGAR PHOSPHATE
BACKBONE

Source: (Mar, 2019). 'What is DNA?".
Retrieved from U.S. National Library of Medicine.
6
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Chromosome

- REKAYASA GENETIKA

e A recombinant DNA technology is a type of genetic engineering technology
in which an artificial DNA molecule is constructed by ligating two different
DNAs using physical methods. For that, the gene of interest is inserted into
the plasmid vector and used for gene transfer experiments. TCTGCAGTGC A A

Gene delivering ABACGICACGTTQ‘Y

e Gene delivering technique is employed for the insertion of a gene of

. . DNA
interest into the host genome.
Electrophoration, solicitation and viral vector
e mediated gene transfer, liposome-mediated gene transfer, transposon- ‘
mediated gene transfer are some of the methods used for that regular fruit

@

insect-resistant
fruit '

Gene editing genetic
modification

e A gene-editing technique is used to edit the genome in which an undesired
DNA sequence is removed or a new gene can be inserted into the host \ %@q
genome. CRISPR-CAS9, TALEN and ZFN are some known gene-editing tools Wi Riwith copviatosn
used in gene therapy experiments et sl el
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2. Cloning

Gene of
lntenem

e\
&

1. DNA Synthesis
Gono of

—\ - .M
-ﬂt clale
Synthesized DNA

5. Colony selection

Colony of cells /A\%
Nutrient Agar ——
+ antiblotics e )
| & :
4. Cell plating ﬂ
3. Plasmid
transtormation @ wm S
QO O Q new plasmid
growing
E. oolicells in liquid medium

(®) A two-gene circuit example

plasmid

Gene circuit realization

Repressor
e
I mBRNA ] mRNA
e — -
| 1 I
—{ I
Gene A Gene B



Chromosome

- REKAYASA GENETIKA | j§ \

riction enzyme

v/-':l

DNA Isgase

(A)
Extraction and purification of total cellular DNA "
- -

Splicing and insertion of DNA into cloning vector

Central dogma of molecular biology

Introduction of cloning vector into host strain i 0

T - g
.i‘" "\
‘ I i
i 1

Replication and expression of recombinant DNA |-

Transcripfion Translation

Replication
Selection of recombinant progeny I

10
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AdiGene dataset

GENOME EDITING

e In the 1970s, the development of genetic engineering
(manipulation of DNA or RNA) established a novel
frontier in genome editing

Designer

Sequence Mewom Lno'mm

doto \

Promeote choumes L :
Assembly metod g
Codon cptmisanon §
E
-—
=
Genesc Engineer ing
Al betion -
Prediction Track
/
Toawrrn compule
O mccuralely predct
— plasenicd adu’lu lubin
Prizes
,"r;;:v;nm / E \ 1" placo | § 16000
2% place | & 7500
High-scoeng " ‘““’
Loddervoard sol oo 3 5000
(=755, used for & 2300
/ Ihve inadertoarnd) ‘ ao
SRR S “‘, Teams submit
- A%, bt reparts to pand
el price ranking) of awparn uogas
s — Salgr
CALLE P

Innovatiaon Track

Double strand break

ZFN
TALEN ‘
B
¢
| g
: TALE

e

Nuclease
CRISPR/Cas9 / NA

200p target
Seguence

Double strand repair

NHEJ

Donor DNA temple

B RN IR RN RSN R REREEERREEE
MENENENRREN RN NSNS E NN SRESERFNTE =

Precise modification

*ZFN Zinc-finger nuclease, TALEN Transcription activator-like effector

nuclease, CRISPR Clustered regularly interspaced short palindromic repeat

11
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* CRISPR : Clustered Regularly
Interspaced Short Palindromic Repeats

e (Cas9 : CRISPR associated protein 9

* CRISPR/Cas9 edits genes by precisely
cutting DNA and then letting natural

CETEHUELER - IC R GE
CRISPR untuk edit gen?

Protein Cas9 berasosiasi
dengan RNA Pemandu (gRNA)
membentulk kompleks

DNA repair processes to take over. Kompleks protein Cas9-gRNA
] menempel pada sekuens DNA RNA Pemandu
* The system consists of two parts: the yang berdekatan dengan
. spacer (warna kuning) o
Cas9 enzyme and a guide RNA 7 TITeTTeTTTTTCARRe o rfrrTTTTTTT -~
* A short DNA sequence, -’ | s MQ_ {-
the protospacer-adjacent motif (PAM),
is frequently used to mark proper Kompleks protein Cas9-gRNA
. . memotong untaian DNA T || S
target sites. Cas proteins have evolved LU oL
a multitude of PAM-interacting DNA yang disisipkan
domains, which enables them to cope DNA yang terprogram
. . . dapat disisipkan rpepprmerr s B W e
with viral anti-CRISPR measures that L i, AR
alter the sequence or accessibility of
PAM elements Infographic by: Mh Badrut Tamam

_Er Generasi Biologi @ @generasibiologi W GenerasiBiologi
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Approach Characteristic Advantages Limitations
HRE Point miutation, insertion, deletion; Dividing cells High specificity Extremely low efficiency
ZFMN-HDR Point mutation, insertion, deletion; Dividing cells High specificity LE5B dependent; Labor intensive cloning; Low efficiency
TALERM- 2 3 i . . : i : : : g e ;
HDR Point mutation, insertion, deletion; Dividing cells High specificity 058 dependent; Labor intensive cloning; Low efficiency
Cas2-HDR Point mutation; insertion, deletion; Dividing cells Easy to engineer EF?E ig:?:rmenl' PAM site necessary; Off-target effects; Low
Cre-loxP Excicion, Inversion, translocation; Dividing and non- High specificity; High Mot useful for insertion or comection; Meed prior insertion of
dividing cells efficiericy loxP sites
HITI Inserticn; Dividing amnd non-dividing cells Easy to enginees 5B dependent, AN site necessaty, Cit-langet-aftecs: Low
efticiency
S xl i ; High efficiency; non- PAM site necessary; Off-target effects; Only conversion of C=G
BE Point mutation; Dividing and non-dividing cells dividing colls b Tabe BT ta el r Cite b -G
Point mutation, small insertion, and deletion,; . Pabd site necessary; off-target effects; low efficiency; limited to
P ey 4, e ! ' - f - ! !
. Dividing and non-dividing cells FiSn-desiding calls small edits,
CAST Large DMNA insertion Large DMNA insertions Low efficiency
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‘Tchmieq”erfe DNA sequencing refers to the general laboratory technique for
3’ 5’ determining the exact sequence of nucleotides, or bases, in a
—I—I- target DNA sequence DNA molecule. The sequence of the bases (often referred to by
the first letters of their chemical names: A, T, C, and G) encodes
I I I I I I I the biological information that cells use to develop and operate
51 3!
e T a——— SACTGAC
known sequence NGS TSATGEATGON
i AGATGCATGCGATCTA
IlgatEd NTGATGCATGCGATC i"\f:v’_
ITGCATGCGATCTAACGET)
'CTAACGCTACTGACTGAC]
i 7 ATC, TAAC G_.f_'. 'A C T ":i»‘-".f: TG
The gene must contain a sequence of DNA that | l | | l I | l st o s I ,
we want to study and for that, a gene has some ] & o
special characteristics. A candidate gene should ‘ I | L 3
| :

have high GC content and a lower repetitive DNA
sequence

PTGACTGACTGACTGACT(

Sanger

15
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. . . . Step 1: Step 2:
* Next-generation sequencing (NGS) is a massively DNA extraction Library preparation
parallel sequencing technology that offers ultrahigh
throughput, scalability, and speed. X

* The technology is used to determine the order of |
nucleotides in entire genomes or targeted regions of -
DNA or RNA AT -

~a X / DNA fragments

Nucleic acid extraction  Library preparation

Sequencing and analysis

Next Generation
Sequencing Workflow

«  Samples collection
* Nuclei¢ acid extraction

*  Quality Control

* Adaptor ligation/barcoding
*  Size selection
« Amplification/purification

* Quality control

Step 3.
Sequencing

A ATl f\
A

u'...;.(.l;}..“. \ 4

1
AL
1

WAVARY
10

Step 4:
Analysis

BAM :

Identify £
varants

16
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Next Generation Sequencing

J L

Genome Sequencing N Exome Sequencing Targeted Gene Panel
Whole genome Exon 1 Exon N Gene1 Gene 2 --- Gene N
DAV OO WD DM NP THI DA AP AT I IO DI
2 mr g zm = s IO mo il
Fragments Biiiing lmzr T Fragments Fragments sy L [
Roads == e = — ™ Reads — — Reads = = —
»30% = = =T - =50-100x  ~=_ —— »500x -4 = =
Coverage: All genes and non-coding DNA Coverage: Entire exome (20-25k genes) Coverage: 10-500 genes
Acuracy: Low Acuracy: Good Acuracy: High
Time: Longest turnaround time Time: Long turmaround time Time: Rapid turnaround time (few days)
Cost: Most expensive Cost: Cost-effective Cost: Most cost-effective
Depth: =30X Depth: =50-100X Depth: =500X
. > pa & > >
P L. 2 o E
Tompiate adapted from.: Dr Roshini Abeaham ~ @ The g& The = ' bb
Clinical Immunofoglst ar Nationwide Children's Hospital : M'\T":':"- Biology Chemistry ' Crmatad with RENDER
il Notes Notes H

Cevigpred By Sager Aryal

17
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Vectors act as vehicles to transfer genetic material from one cell to the other
for different purposes like multiplying, expressing, or isolation

Types of Vectors @PRAIU'S

AL Polylinker
Auxin Opine /
// fv ¢ '
T-DNA Region x //:
Left Border £ ’limght gorder / /¢
|
Ti Plasmid | M13mp18
| Cos site
Opine ‘ ‘
Catabolism / Ampicdiin
: resistance
Virulence _ I gene
Region " Origin of o
Replication > = oni
(ORI)
- . e H eee L4
1) Plasmid Vector ii) Bacteriophages iii) Cosmids

Vector

Plasmids

Cosmids

Fosmids

Phages

Yeast artificial chromosomes

(yacs)

Transposons

Bacterial artificial chromosomes

(bacs)

Viruses

* Retroviruses

* Adenoviruses

* Adeno-associated viruses

* Herpes simplex virus

* Rhinoviruses

* Human immunodeficiency
virus (HIV)

18
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(a) Transformation with DNA fragments (b) Transformation with a plasmid
Selecting plasmid for the genetic engineering

. . . : . l "‘ i DNA fragments @ DNA plasmid
experiment is one of the crucial steps in the entire “, :

. . . L Bacterial
experiment. Before selecting the plasmid, we must Bacterial chromosome

understand why the plasmid is used in the gene chromosome
transfer experiments L 2
s SN

Origin of

replication

Uptake Uptake
. IPimerste of DNA of plasmid
PIAasmld e (o(.:D
Integration by o ——

nonreciprocal : Stable transformation
recombination / OR \Degradatlon

Inserted
Qene
| I Plasmid
I map /

5 Primer azs 2
X s '\
Sedectable HEgs
\
marker
oo o

Stable transformation Unsuccessful transformation

19
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Transformation into the host genome

(a) Conjugation:

Reslstant donor cell

———————
DA
gxthange
thrgugh pil
UIPIE T Non-resistant reciplent ced
transposon-bome ARG
(b) Transduction:
Resistant, infected donor cell ' Trangpodt o and
infection of a non-
RN Lysis, cell deatn @ resistant recipient el
i | of el S— T, —
g 1 %
Phage carrying
Phage carrying bacterlal ARG bacterial ARG
(c) Natural transformation:
Transport to and
Resistant donor cell uplake by competent,
non-resistam
A ab Cell dealh, lysis g recipient cell
ﬁai‘;ﬁ;‘j"? —— 1‘%‘&@@‘"’ e
'_-'- i "'::':.l -

Free DNA W/
intact ARG

ARG {chromosomal of plasmid-bome)

Resistant iransconjugant cell

Resistant ransductant cell
{in lysogenic growth)

Resistant ransformant cell

//f_% e
\\ ® 'l'( Bact |
/ “al\l eria K: /,.
tyiscor P |
Conventional Gene Delivery Methods Strengths

Transformation

"/\u (A

Limitations

Biokstic Particls Delfivery | » Easy

» Low integriy of deliverad DNA

* Transfers large sizes and amounts of DNA | » Short-term and low- lovel expression
» Coll damage
Physical _ - .
Electroperation ® Fas * Limitad range of plant spacies
* [nexpensive * Low integrity of dalverad DNA
* Tomeity
Chemical | PEG-Madiated Delivery | » High-sfficiency protoplast transfection * o reganeration of protoplasts into whole
and fartiia piants
Biological | Agrobachenum-Mediated | » Low cosi » Limited hest range

Defivary * High efficiency
» Stable transiormation

20
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Traditional cloning

Vector Preparation

Restriction digestion

Dephosphoryiation

Blunt-end creation
(optional)

Purnification

REKAYASA GENETIKA

insert preparation

¢ Restriction digestion

e Blunt-end creation
(optional)

o Purification

Ligation

T4 DNA Ligase
PEG
Vector 1o insert ratio

Reaction time and
temperature
Purification /
heat-mactivation
(optional)

Transformation

¢ Transformation
efhciencies

e Competent cell
choices

¢ Chemical and
elecirocompetent
Cess

Colony screening

Blue / white colonies
Positive selection
Restriction digestion
Colony PCR

Sanger sequencing

21
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Bacteria transforming

il

Ibecause of their DNA's
phosphate backbone.




TCTGCAGTGC A 4
AGACGTCACGT 7 ¢

Genetic
engineering
transformation
techniques

regular fruit

genetic

modification
insect-resistant
fruit

bacterium with
insect resistance
gene

copy of gene
for insect
resistance
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Transformation into the host genome

Advantages

Disadvantages

Naked DNA

No special skills needed
Easy to produce

Low transduction efficiency
Transient gene expression

Microinjection Up to 100% transduction efficiency (nuclear injection) Requires highly specialized skills for delivery
Limited to ex vivo delivery

Gene gun Easy to perform Poor tissue penetration

Effective immunization with low amount of DNA

Electroporation High transduction efficiency Transient gene expression
Toxicity, tissue damage
Highly invasive

Sonoporation Method well tolerated for other applications Transient gene expression

Toxicity not yet established

Laser irradiation

Can achieve 100% transduction efficiency

Special skills and expensive equipment necessary

Magentofection

Safety of method established in the clinic

Poor efficiency with naked DNA

Liposomes

Easy to produce
Fusion liposomes improve transduction efficiency

Transient gene expression
Toxicity, mildly immunogenic

Cationic polymers

Easy to manipulate for targeting

Transient gene expression
Toxicity. mildly immunogenic

Source: From Mehier-Humbert and Guy, 2005; Conwell and Huang, 2005; Miyazaki et al., 2006.

Table 6 Summary of non-viral methods used for gene transfer. 24
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Confirmation of insertion DNA

PCR- Metode deteksi berbasis reaksi berantai polimerase.
* DNA diekstraksi dari sel yang diubah dan diamplifikasi menggunakan primer yang melengkapi gen yang kita
minati atau DNA rekombinan kita.
* Jika DNA rekombinan ada, pasti diperkuat, jika tidak, tidak ada amplifikasi yang diperoleh. Untuk konformasi
dua faktor, satu set primer yang melengkapi DNA rekombinan spesifik dan satu set primer yang melengkapi
urutan penanda yang dapat dipilih diambil dan PCR multipleks dilakukan.

sfGFP Control

=
L

=
y —
o
o
>
e
Q.
=3

pPSU2 control

DNA Ladder

35S sfGFP nosT
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Fancy E-Gel electrophoresis system. Watch the

Confirmation of insertion DNA DNA pieces separate by size in an elapsed 7 min.

—y n

https://www.instagram.com/reel/CsNnFbjlOrD/?igshid=MzRIODBiNWFIZA==
https://www.instagram.com/reel/CvdyD1MISrc/?igshid=MzRIODBINWFIZA== 20
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- REKAYASA PROTEIN

Protein engineering is the direct modification of an amino acid
sequence or its coding genes to increase stability, activity, or

Al-guided Protein Engineering

specificity. A B C
Structure- Sequence- De novo
Approach Principle Example based based Design
Input Input
o Changing specific Enzyme with L ! Random noise or
- c—/—/)
Site dlrectgd amino acids to alter increased heat scaffold
mutagenesis

protein properties

stability

Directed evolution

Mimicking natural
selection: random
mutation + selection
of the best variants

Industrial enzyme
with high activity

Fusion protein /
chimera

Combining two
different protein
domains

Enzyme-labeled
antibody (ELISA)

De novo design

Designing a new
protein from scratch
with the help of Al

Synthetic protein for
new drug
development

Analysis
Pocket
identification

MD simulation

NN

Energy scoring
AAG

Redesigned
stabilized
structure

https://doi.org/10.3390/catal15090842

FASTA or MSA

Al inference

Transformer

l

Suggested
mutations

New structure

l

New Function

27
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&k‘ f Directed evolution

Rational design

ST ey :‘
- .\‘.*.-. - ” w3 ]
o MD I.Dockm Binding free energy . epPCR
g decomposition Taq polymerase r > |l
R49K " & ‘3 ar4l Bad g
%. p Thermocycler ~C
3 Gene insert
Disulfide design AAG, prediction De novo design -
(a) (b)
Semi-rational design ASR Machine learning
Smart
r libraries o —
Hotspots S
H52, NG7... | NG61S
G1435
. / 3 2
: ;/ of a DFAAKCAGFETS LELE,. / k. 3031
> Y "*"‘?’.,;5‘55‘ X ' Inputs Predictions
. T Tann. Al
Loop grafting oo LT L
(c) (d)

https://doi.org/10.3390/catal15020147 28
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- REKAYASA GENETIKA

Rekayasa genetika memiliki nilai industri dan pertanian yang besar. Teknik ini dipraktekkan dalam kedokteran, penelitian
genetik, pertanian, perbaikan tanaman, dan untuk produksi obat terapeutik

Genetic Engineering

“\/’/’/ —\/

= Fighting diseases = Religious and ethic concerns

= |ncrease in life expectancy =  Geneticissues

= |ncreased variety of foods and drinks = Health issues

= Nutritious food = Allergies

= Decrease in the use of pesticides = Resistant insects and pests

= Medical foods = Antibiotic resistance

= Decrease in the use of resources = Reduction in genetic variety

= |ncrease in growth rates of animals and plants =  Effects on wildlife

= Development of specific characteristics =  Soil pollution
= Displacement of natural species
= |nfluence of certain industries and interest groups

29
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Genetic engineering, including gene editing, can have
numerous benefits: faster and more precise breeding,
higher crop yields, development of more nutritious

food, and decreased need for herbicides and pesticides

Top 10 Genetically Modified Foods

Papaya

Rupeseed Potatoes Tomatoes
(Canola)

Dairy products Peas

Gene of interest

) / O
(J Construction of
Recombinant

T- plasmid

=%o

Insertion into Agrobacterium

T- plasmid

@@ @o
% 0 © ® 0
& O @“’

Culturing transformed
Agrobacterium
Plant infected with
Agrobactenum
Plant tissue culture

30
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Herb

Treats ActsOn

—HasCompound—>

Associates

) Chemical

In vitre regeneration
Agrobacterium  parameters (PGRs,  Bacterial optical
killing antibiotic additives, etc.) cell density (OD)

Agrobacterium- Chemical stimulants

Agrobacterium —— mediated € (asetosyringone, surfactant,

strain

fransformation efc.)
Inoculation Wounding
duration Plant’s parameters treatments (vacuum,
(genotype, explant type, ultrasound, etc.)
etc.)

31
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Strategies for crop
improvement through

biotechnological
approaches.

e Overexpression leads to greater
transcription of target gene which
can be translated into protein

e RNA interference leads to
downregulation of target gene;

e Gene editing through
CRISPR/Cas9 leads to insertions or
deletions at target site which gives
rise to mutations

(a) Overexpression

{b) RNA interference

(c) CRISPR/Cas9

[

=1

ST W
In absence o mRNA s cleaved

bleSCcomplu

Tk

i 4
Cas9 catalysis
l ds break at
the target site
(TTETTTECTC, T
Insertion or dsRNA is
deletion l"ﬂ""‘
by NHEJ
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T-DNA plasmid removed Plasmid is cut using vaccine fragment DNA cut with

from bacterium a restriction enzyme Same rescuon enzyme and
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* Low-cost drugs, hormones, enzymes, and vaccines f:?" O +

are created using genetic engineering tools

A gene for insulin is isolated by restriction
digestion or through PCR and inserted int the
plasmid. The recombinant plasmid DNA is
immediately inserted into the bacterial or yeast
cell in which the plasmid is multiplying. As the
microorganism starts dividing it starts making
artificial insulin.

Gene for insulin
Bactena containing Construction of
Plasmid DNA Plasmd DNA

Insartion into
Host bacteria

Isolation of
Plasmd

%0° .° &0 — ey
& O

: . o
5 ¥ en_0o°
& 0 B .
Preduction of insuin
Bacterial cell culture

e

LI .0.

- .'...
’.

Isofation of
Packaaing and distribution Insufin

Production of insulin
using genetic
engineering technology.
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Pure viral antigen
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. . h\s\ %ﬁ.ﬂ , G %@ r,' »i; e ;:s?:::e
Recomblnant vaccines Virus Gene for antigen excised Plasmid delivered < Bac;erium Vaccine Mth
particle and inserted into plasmid to bacterium g;(:m:;es PUER antigen
* Vaccines against smallpox, herpes - —
. . L. Live virus with gene deletion
simplex virus and hepatitis are .
. . . . e » e <5 : C»',:ﬁ\‘_.;f RLe -
produced using the genetic engineering gl O) & Y0 g\% e
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. . . . PN =5 } 7 g '3 [ y 5 response
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Gene Therapy
1) z ,
e - ”Oﬁ“
N\ ' o (%) u/\ e
2) >? ' . \\j J e /’
e —». — Nor-viral delivery /\ s
\5;5)69‘ ég system d patient

In vivogene therapy Ex vivogene therapy

Package th; healthy Inject the packaged AAV
gene, RNA|, or gene Into the tissue of interest ;
editing tools into the e it Ean
AAV (can also deliver as AAV will enter the cell and release the genetic potentially be used for HCC gene
naked DNA or in a material. The cell will become healthy by either therapy
nanoparticle) 1) expressing the normal gene, 2) repressing
the mutant RNA, or by 3) correcting the mutant
gene. cels modified i wiro
* Using the gene therapy or gene transfer technique, inherited .
genetic disorders can be cured. In the gene therapy, a faulty, Viral delivery st
non-function or mutated gene is replaced with the wild type systems - W“‘:(:i‘r‘:‘:f;““”‘
| h
one. /Y
e Cystic fibrosis, Duchenne muscular dystrophy and sickle cell |
anemia like gene therapies are now under the final clinical ‘""’“‘:;f’g“::e::i:“d'“
v 4l

trial phase and ready to use on patients. -
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= Ex vivo and in vivo genome
/ \ editing for clinical therapy
Step 1: Removal of cells

e Right: For in ex vivo editing therapy, cells are
isolated from a patient to be treated, edited
‘ _ | '}QJC\ and then re-engrafted back to the patient. To
o 1 vivo Patient Ex vivo \ achieve therapeutic success, the target cells
: o4 must be able to survive in vitro and return to
*) ‘E" the target tissue after transplantation.

Step 2 Correction of cell e Left: For in vivo editing therapy, engineered
o | , nucleases are delivered by viral or nonviral
Injection of viralor non-viral N / approaches and directly injected into the
Veclors conining tnerapetdc \ N patient for systemic or targeted tissue (such as
elemens. the eye, brain, or muscle) effect.

...1

Step 3: Autologous transplantation
of comectad cells .
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Scientists in Taiwan added jelly-fish genes to

carp fish DNA. This glowing fishes are the
result!

Transgenic Fish

e Scientists in Taiwan created luminous fish by
incorporating jellyfish genes into the DNA of carp
fish. This innovative approach aims to enhance the
understanding of how pollutants affect the organs

of fish.
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new horizons in medicine
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REKAYASA PROTEIN

Field

Example of Application

Description

Recombinant Protein
Drug Production

Insulin, growth
hormone, interferon,
clotting factors

Proteins are modified to
enhance stability and
biological activity

Antibody Therapy

Monoclonal antibodies,
humanized antibodies,
bispecific antibodies

Designed to specifically
target tumors or viruses

Recombinant & Subunit
Vaccines

HPV vaccine, hepatitis B
vaccine, protein spike—
based COVID-19 vaccine

Proteins are optimized
to be more
immunogenic

Therapeutic Enzymes

tPA, asparaginase,
DNase

Used in the treatment
of genetic disorders or
cancer

Therapeutic Peptides

Structural modification
to prolong half-life

Example: GLP-1 analog
(semaglutide) for
diabetes

How monoclonal antibodies work m

AT N
Yr

once attached,

Monodional antibodies
bind to their target
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Lysosomal metabolic

diseases
F b 4
e Sewvere congenital Cystic Fhenyl-
rid
Gaucher Fabry Pampe Eﬁw i Defects of the immune system fibrosis ketonuria
* t — 4 t i *
|
Genetic diseases
Other Necrosis detachment
Applications Therapeutic and wound site
enzymes rehabilitation
Blood coagulation Infectious diseases
| |
* * + ¥ *
Procoagulant Anticoagulant Antifungal Antiprotozoal Antibacterial
effect effect effect effect effect
v
Cancer
I
* L
"Prodrug™-activating Antineoplastic

enzymes effect

“4D
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X Insulin derived drugs Sequence Modification
A-Chain
N B28: Lys
Insulin lispro B29: Pro
Short-acti
ins?:linac "9 Insulin aspart B28: Asp
Insulin glulisine £ Lys
B29: Glu
A21: Gly; addition of two
Insulin glargine Arg to the C-terminus of the
B-chain(B31 and B32)
Long-acting
insulin B29: Lys linked with

B Ch . Insulin detemir myristic acid
- ain

B29: Lys linked with
hexadecanedioic acid

Insulin degludec

Human insulin

Structure of human insulin and human insulin-derived drugs. Structure of human insulin (left, PDB: 1XDA). Modifications on
its residues (B-Chain: B3: Asn, B28: Pro, B29: Lys; A-Chain: A21: Asn) resulted in several short- and long-acting insulin drugs
(right, see table)

https://doi.org/10.1038/s41392-022-00904-4 4
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REKAYASA PROTEIN

I APLIKASI

Recombinant _
g Collagen Drug delivery
S The applications of microbially
~SU > I a— proc_luced protel_n hydrogels.
o Protein Bioadhesion Recombinant or engineered collagen,
gf,“y;f;'tﬁe Hydrogel ' elastin-like polypeptide, spider silk

protein, resilin-like polypeptide, and
keratin have been engineered to create

e tﬁg"‘izg hydrogels that were used for
TN Recombinant bioadhesion, drug delivery, wound
W, PRk healing, 3D cell culture, biofabrication,
and wearable sensors.
3D cell
S culture
pessosnassasesend Resilin-like "
Polypeptide A
= o ere Biofabrication
oY \‘{2, https://doi.org/10.3390/molecules28134988
» ’ -1;'.— h 4;:
Recombinant Wearable g
“ Keratin Sensor //
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Genetic Engineering | Genetics | Biology | Don't Memorise

e https://youtu.be/4fBQ2umTaMA?t=55

Genetic Engineering Will Change Everything Forever — CRISPR

e https://www.youtube.com/watch?v=jAhjPd4uNFY

Bacteria transforming

e https://www.pbslearningmedia.org/resource/biot11.sci.life.gen.transbact/transforming-bacteria/

Referensi ;

¢ https://www.researchgate.net/publication/360832515 Cybergenetics Theory and Applications of Genetic Control Systems

eLi, H., Yang, Y., Hong, W. et al. Applications of genome editing technology in the targeted therapy of human diseases: mechanisms, advances
and prospects. Sig Transduct Target Ther 5, 1 (2020). https://doi.org/10.1038/s41392-019-0089-y

e Crook, O.M., Warmbrod, K.L., Lipstein, G. et al. Analysis of the first genetic engineering attribution challenge. Nat Commun 13, 7374 (2022).
https://doi.org/10.1038/s41467-022-35032-8

e Khammash, M. H. (2022). Cybergenetics: Theory and Applications of Genetic Control Systems. Proceedings of the IEEE, 110(5), 631—-658.
https://doi.org/10.1109/JPROC.2022.3170599

e Parthiban S, Vijeesh T, Gayathri T, Shanmugaraj B, Sharma A and Sathishkumar R (2023) Artificial intelligence-driven systems engineering for
next-generation plant-derived biopharmaceuticals. Front. Plant Sci. 14:1252166. doi: https://doi.org/10.3389/fpls.2023.1252166
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https://www.researchgate.net/publication/360832515_Cybergenetics_Theory_and_Applications_of_Genetic_Control_Systems
https://doi.org/10.1038/s41392-019-0089-y
https://doi.org/10.1038/s41467-022-35032-8
https://doi.org/10.1109/JPROC.2022.3170599
https://doi.org/10.3389/fpls.2023.1252166

b
THANKS




STIKES Notokusumo Yogyakarta

Iy

« o
" -
b "t i
E B i B mﬂm EEEZ |||¢MmuE||-.- I|--'.|'-
- ED‘.‘IE Relds 3 el iy fvieg £ RS = Fhow o
i aclution |nlL-:h.'||:|n uzmll‘ i S m =p ﬂ'ﬂl..lﬂtﬁ :
anfibcata é procenm |||.,I-' ally dfuga mu
S fEE ) I— 'm_"-” m W
Eadls ki |i:r]lrll'||=’ﬂl'-ll "-" manuraciure -III. U !.“::'
- Sz MB W s J1. h.-'ﬂ:\- srperrenTd Iul"ﬁ;f_d,y“ﬂu”
= § ==
A
L B :
10 § noliogy
] - o, E" re a
D¢t ‘?‘“E“also 'L-* IERE Thred
1 |II||.II.IIF|-h E Em P 'lﬁrm':-\...l:r.nt' ':g :,.-.E.F'E Ea
3 recombinact LR v gl H B EE G 2H 0 BF
P'lﬂl'ﬂh-l"""::"""l Ty E d '-...!.J' E :'_E %E Eu ’ = ‘:—'_E-
N - t :
E p - .:E E : m#ﬂn Eﬂllmm"
L "'-1:| a = gt
e 14
H.F-.—l,_

C

diseases

Pertemuan 7/

apt. Trifonia Rosa Kurniasih, M.Biotech

1



- CASE-BASED LEARNING (CBL)

Topik: Rekayasa Genetik dan Rekayasa Protein dalam Inovasi Terapi Modern

Tujuan Pembelajaran (Learning Outcomes)

e Menjelaskan prinsip dasar rekayasa genetik dan rekayasa protein.
* Mengidentifikasi pendekatan dan teknik yang dapat digunakan dalam modifikasi gen/protein.
e Menganalisis hubungan antara struktur dan fungsi protein.

e Mengevaluasi pertimbangan etis dan keamanan dalam penerapan teknologi genetik pada
manusia.

e Merancang strategi penelitian untuk menghasilkan protein terapeutik yang lebih stabil dan
aktif.



- CASE-BASED LEARNING (CBL)

Topik: Rekayasa Genetik dan Rekayasa Protein dalam Inovasi Terapi Modern

DESKRIPSI KASUS

- Sebuah perusahaan bioteknologi, GenNova Biotech, sedang mengembangkan protein terapeutik baru untuk
mengobati penyakit genetik defisiensi enzim X yang menyebabkan penumpukan senyawa toksik dalam tubuh.
Protein alami enzim X tidak stabil pada suhu tubuh dan cepat terdegradasi sehingga efektivitas terapinya

rendah.

- Tim peneliti mempertimbangkan dua pendekatan:
1. Rekayasa genetik pada sel mamalia agar mampu mengekspresikan enzim X dalam jumlah tinggi.

2. Rekayasa protein untuk meningkatkan stabilitas dan aktivitas enzim X tanpa mengubah fungsinya.

- Namun, muncul dilema:
v' Mutasi tertentu dapat meningkatkan stabilitas, tetapi menurunkan aktivitas katalitik.

v' Penggunaan sistem ekspresi bakteri lebih cepat dan murah, tetapi protein hasilnya sering tidak berfungsi

optimal karena salah lipat (misfolding).
v' Ada pula pertimbangan etis dan regulasi dalam penggunaan teknologi rekayasa genetik untuk terapi

manusia. 3



- CASE-BASED LEARNING (CBL)

Topik: Rekayasa Genetik dan Rekayasa Protein dalam Inovasi Terapi Modern

Pertanyaan Pemicu Diskusi

1. Apa perbedaan mendasar antara rekayasa genetik dan rekayasa protein dalam konteks
kasus ini?

2. Teknik apa yang paling sesuai untuk meningkatkan stabilitas enzim X tanpa
menurunkan aktivitasnya? Jelaskan alasannya.

3. lJika kamu anggota tim riset, apakah kamu akan memilih sistem ekspresi bakteri, yeast,
atau mamalia? Mengapa®?

4. Apa risiko off-target atau efek samping yang mungkin muncul dari penggunaan
teknologi CRISPR-Cas9 untuk memodifikasi gen penghasil enzim X?

5. Bagaimana pertimbangan etis dan regulasi dalam penggunaan protein hasil rekayasa
untuk terapi manusia?

You are encouraged to use Al tools to support your learning process. However, please use them critically — not as a
replacement for your own thinking.
In your submission, briefly describe how you used Al and what personal insights you gained from the process



- CASE-BASED LEARNING (CBL)

Topik: Rekayasa Genetik dan Rekayasa Protein dalam Inovasi Terapi Modern

Tugas Mahasiswa
* Diskusi kelompok (60-90 menit):
1. Analisis kasus dan jawab pertanyaan pemicul.
2. Gunakan sumber literatur ilmiah (artikel, database protein, dsb.).
* Produk akhir:
1. Laporan singkat (2—-3 halaman) berisi hasil analisis dan rekomendasi.
2. Mahasiswa boleh menggunakan Al untuk generate ideas, outline, atau
proofread, tapi wajib menulis bagian refleksi:“Which part of your work
was assisted by Al, and how did you evaluate or modify it?”
* Presentasi singkat (opsional):
1. Setiap kelompok mempresentasikan solusi selama 5 menit.



