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PRAKATA

Dengan mengucapkan puji syukur kehadirat Allah S.W.T, laporan kemajuan
penelitian STRANAS Institusi ini dapat terselesaikan dengan baik. Manfaat Excelzyme telah
pula didiseminasikan kepada industri PT Petrosida, Gresik.

Penelitian ini juga melibatkan 2 staf peneliti muda pada Laboratorium Proteomik,
Lembaga Penyakit Tropis Universitas Airlangga, | orang mahasiswa Program Doktor, 1
orang mahasiswa Program Magister Kimia, Departemen Kimia, dan 3 orang mahasiswa
Program Sarjana, Departemen Kimia, Fakultas Sains dan Teknologi, Universitas Airlangga.

Peneliti berharap semoga penelitian ini bermanfaat bagi kemandirian bangsa dalam

memproduksi enzim local secara komersial.

Surabaya, 14 Nopember 2018

Ketua Peneliti
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RINGKASAN

Bioresource 1lechnology berbasis biomassa asal limbah pertanian merupakan
biomassa yang menyimpan sumber energi tinggi karena kaya akan polisakarida. Teknologi
ini menggunakan enzim sebagai biokatalisator, yang ramah lingkungan dan mampu
mengolah limbah pertanian kaya akan lignoselulosa menjadi produk bermanfaat, diantaranya
sebagai bahan baku pakan ternak dan bio-energi. Mengingat enzim kelompok lignoselulolitik
masih sangat tergantung dengan produk import, maka biodiversitas mikrobial yang sangat
berlimpah di Indonesia menjadi peluang untuk dapatnya memproduksi enzim kelompok
lignoselulolitik secara mandiri di Indonesia.

Limbah pertanian sebagian besar kaya akan materi lignoselulosa yang terdiri dari
kandungan selulosa (45-50%), hemiselulosa (35-40%) dan lignin (10-20%). Kandungan
pohisakarida yang cukup tinggi tersebut merupakan bahan baku murah serta bersifat dapat
diperbaharui (remewable) yang dapat dimanfaatkan sebagai bahan baku pakan ternak,
prebiotik, dan pupuk organik mengatasi permasalahan ketahanan pangan selain mengurangi
efek pemanasan global. Namun demikian, permasalahan yang terjadi adalah masih rendahnya
nilai nutrisi dani limbah pertanian tersebut di atas baik sebagai campuran bahan pakan ternak
maupun pupuk. Pengolahan secara enzimatis terhadap limbah pertanian tersebut diatas akan
mampu meningkatkan mutu pakan ternak dan pupuk organik. Namun demikian selama ini
produk enzim masih import dan harga di pasaran sangat mahal berkisar Rp.150.000-
300.000/kg. Perlu dikembangkan produk enzim lokal yang mampu bersaing dengan produk
enzim import. c

Kelompok studi proteomik Universitas Airlangga berhasil mengembangkan
Lxcelzyme (Patent merk No.IDMO000293741, tahun 2011) asal isolat lokal Indonesia, serta
telah mampu memproduksi Excelzyme bekerja sama dengan PT Petrosida, Gresik dalam skala
pilot. (Patent formulasi No IDP000040523, tahun 2016). Aplikasi Excclzyme khususnya
yang berperan aktif pada limbah pertanian kaya akan polisakarida dalam bidang agro-
industri mulai dilaksanakan sejak tahun 2009. Namun demikian , hasil menunjukkan masih
perlunya dikembangkan konsorsium kelompok lignoselulolitik lainnya, antara lain selulohtik,
pektinolitik, dan lakase ke dalam FExcelzyme. Pada tahun 2015-2017, tim telah berhasil
mengisolasi dan mengidentifikasi mikrobial termofilik lokal penghasil selulolitik,
pektimolitik dam lakase termofilik. Dalam penelitian Strategis Nasional ini akan
mengoptimalkan formulasi konsorsium excelzyme untuk meningkatkan aktivitas excelzyme
dalam aplikasinya pada agro-industri. Berkaitan dengan hal tersebut, maka tim akan
mengoptimalkan pengklasifikasian /<xcelzyme menjadi 3 jenis produk, yaitu Excelzyme |
untuk aplikasi dalam proses bio-deinking/bio-bleaching, I-xcelzyme 2 untuk aplikasi dalam
campuran pakan ternak ruminansia, dan Exce/zyme 3 untuk aplikasi campuran pupuk organik.

Telah berhasil diisolasi enzim pectinase, selulase dan lakase termofilik di sumber air
panas Gunung Pancar, Bogor. Kultur campuran juga telah dilakukan dengan melakukan
campuran enzim rekombinan selulase dan xilosidase (GBtXyl43B) menggunakan system
batch flask. Hasil menunjukkan bahwa kedua campuran enzim tersebut dapat diekspresikan
dengan aktivitas yang tidak berbeda dengan enzim tunggal masing-masing. Uji pendahuluan
ini selanjutnya akan diujicobakan pada skala bioreactor 1,5 mL.

——RILIK
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BAB 1. PENDAHULUAN SHIVERSITAS ;‘:“:’:ﬁ.
1.1.  Latar belakang SURA T

Sektor pertanian merupakan penyumbang kedua terjadinya pemanasan global di bumi ini.
Sementara itu, pertanian adalah sumber daya alam utama bagi kelangsungan hidup manusia.
Oleh karena itu, hasil pengolahan pertanian yang dikenal dengan biomassa berupa hasil
panen dan limbah hasil pengolahan pertanian sebaiknya dikelola dengan baik dan maksimal
bagi kelestarian alam.

Bioresource Technology berbasis biomassa merupakan teknologi ramah lingkungan yang
dapat mengolah limbah pertanian berbasis lignoselulosa yang kaya akan kandungan selulosa,
dan hemiselulosa secara enzimatis sehingga dapat dimanfaatkan sebagai bahan baku industri
kimia. bio-energi, pakan ternak, dan prebiotik. Pengolahan limbah petanian kaya polisakarida
secara enzimatis sangat dipilih mengingat bersifat ramah lingkungan. Pengolahan biomassa
berbasis lignoselulosa tersebut memerlukan aktivitas konsorsium kelompok enzim
lignoselulolitik, diantaranya kelompok xilanolitik, pektinolitik, selulolitik, dan lakase.
Kendala yang dialamai Indonesia saat ini adalah kebutuhan enzim tersebut masih diimport
dar1 luar negeri, sehingga perlu eksplorasi sumber alam biodiversitas mikrobial dengan
kandungan enzim tersebut secara lokal untuk kemandirian produk Indonesia.

Kelompok studi proteomik Universitas Airlangga telah berhasil mengembangkan enzim
kelompok xilanolitik asal isolat termofilik lokal Indonesia yang dinamakan F-xcelzyme (Patent
merk No.IDM000293741). Excelzyme telah mampu diaplikasikan pada agro-industri,
diantaranya pengolahan limbah kelapa sawit, tongko!' Jagung, enceng gondok, jerami padi
menjadi bahan pakan ternak dan pupuk organik (Kumniati, er.a;2016 dan Purwani, et.al,
2016). Namun demikian, perlu tahapan lanjutan untuk meningkatkan aktivitas excelzyme
tersebut dengan memformulasikan konsorsium lignoselulolitik ke dalam /xcelzyme sehingga
aktivitas dan hasil pengolahan biomassa lebih optimal.

Tahapan konsorsium akan dilakukan dalam jangka waktu 2 tahun penelitian ini, meliputi
(1). Mengoleksi en;im-enzim selulolitik, pektinolitik , dan lakase dari isolat termofilik lokal
yang diisolasi dari sumber air panas Gunung Pancar Bogor dan studi pendahuluan telah
berhasil mengoleksi 4 isolat terpilih yang mengekspresikan ke empat kelompok enzim
lignoselulolitik, (2). Memproduksi dan Memformulasikan konsorsium ke empat enzim
tersebut ke dalam Fxcelzyme, (3). Mengaplikasikan FExcelzyme konsorsium ke dalam
biomassa agro-industri.

Penerapan bio-produk /xcelzyme konsorsium akan dilakukan dengan mitra industri
dengan rincian sebagai berikut (1). proses produksi Excelzyme dilakukan oleh PT Petrosida,
2
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sedangkan proses pemasaran dan aplikasi pada agro-industri akan dilakukan oleh mitra PT

Star Specialty Chemicals Indonesia. Mengingat kerjasama produksi dengan PT Petrosida
telah dilakukan pada riset RAPID (tahun terakhir 2017) dan telah menjadi rutinitas kegiatan
produksi, maka pada penelitian Stategis Nasional ini akan bermitra dengan PT Star Specialty

Chemicals Indonesia untuk target pemasaran dan aplikasi pada agro-industri.

1.2,

1.3.

1.4.

1.5.

Perumusan Masalah

. Ketersediaan enzim selama ini dipasok dari luar negeri

. Kebutuhan enzim konsorsium sebagai bahan yang ramah lingkungan belum

digunakan dalam skala industri

. Excelzyme mampu diaplikasikan untuk meningkatkan mutu pakan ternak dan pupuk

organik, namun hasil pengolahannya di agro-industri belum maksimal

Tujuan

. memproduksi kelompok enzim lignoselulolitik, yang terdiri dari selulase, pektinase,

dan lakase asal isolat lokal termofilik sebagai konsorsium ke dalam excelzyme

. memformulasikan campuran exce/zyme dan konsorsiumnya sebagai campuran bahan

bio-produk agro-indstri

. menentukan mutu produk excelzyme melalui penentuan karakter excelzyme dalam

campuran konsorsium

. mengaplikasikan bio-produk konsorsium excelzyme kepada masyarakat pengguna

Manfaat Khusus :
a. Mengoptimalkan cnzim lokal Excelzyme dalam bentuk konsorsium yang
diisolasi dari sumber biodiversitas mikrobial termofilik asal Indonesia
b. Meningkatkan nilai ekonomis produk biomassa hasil samping pertanian yang
kaya akan sumber energi polisakarida
¢. Meningkatkan kemandirian dan daya saing produk Excelzyme konsorsium
lokal untuk pemenuhan kebutuhan domestik, khususnya pada agro-industri

Urgensi (Keutamaan) penclitian dalam mengatasi‘masalah, strategi skala

nasional

a. Keutamaan bagi industri

Hasil riset penggunaan konsorsium excelzyme untuk aplikasi agro-industri, khususnya

meningkatkan mutu pakan dan hasil pertanian akan membantu industri terkait dalam
meningkatkan kualitas produknya sehingga mempunyai nilai manfaat yang relatif tinggi
bahkan dapat mempromosikan produknya kepada pemangku kepentingan nasional

3
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maupun internasional terutama di negara tropis. Sedangkan efek langsung terhadap
industri mitra akan dirasakan dengan meningkatnya omzet penjualan enzim lokal dengan
harga yang dapat bersaing dengan produk import yang berdampak peningkatan kegiatan
industri dan ekonomi nasional dalam meningkatkan nila manfaat biodiversitas mikrobial

Indonesia mengantisipasi perubahan iklim global serta ketahanan pangan nasional.

b. Keutamaan bagi ekonomi

Bio-Produk enzim Excelzyme lokal akan mampu bersaing dengan rpoduk enzim
sejenis yang import, sehingga meringankan pelaku agro-industri, diantaranya para petani
dan peternak dalam ketersediaan produk pertanian dan peternakan. Peningkatana hasil
mutu ternak dan hasil panen setelah penggunaan enzim akan meningkatkan nilai jual bagi
petani dan peternak dalam memasarkan ternak dan hasil panennya. Hal ini diharapkan
akan meningkatkan pendapatan petani dan peternak. Selain itu rendahnya harga gabah
akan dapat teratasi mengingat gabah ini dapat dimanfaatkan sebagai bahan baku alternatif
pakan. Peningkatan pendapatan petami akan memicu jalannya roda perekonomian nasional.
Perlu diketahui bahwa Indonesia masih didominasi oleh kegiatan pertanian dan
peternakan.
¢. Keutamaan bagi masyarakat

Problema kekurangan pangan yang menjadi ancaman masyarakat di Indonesia
maupun di negara lainnya akan dapat diantisipasi dengan memanfaatkan semua aspek
pemanfaatan limbah pertanian menjadi produk yang bermanfaat yang diolah secara
enzimatis menggunakan sumber biodiversitas mikrobial asal indonesia. Kesadaran
masyarakat untuk bertindak ceroboh dalam membakar biomassa hasil pertanian juga

dapat dikurangi, sehingga efek pemanasan global dapat diminimalkan.

Rencana Target Capaian Tahunan

Jenis Luaran Indikator Capaian
No. Kategori Sub- Wijib | Tambahan TS TS+1
Kategori
1. | Artikel ilmiah dimuat di Internasional 2 1 Draft, Review,
jurnal bereputasi submitted | accepted
Nasional Tidak | Tidak ada Tidak ada Tidak
Terakreditasi | ada ada
2. | Artikel ilmiah dimuat di Internasional 1 Tidak ada submitted | Review,
prosiding Terindeks accepted
Nasional Tidak | Tidak ada Tidak ada Tidak
ada ada
3. | Invited speaker dalam Internasional | Tidak 2 Sudah Sudah
4
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temu ilmiah ada dilaksanakan | dilaksana
kan
Nasional Tidak | Tidak ada | Tidak ada Tidak
ada ada
4. | Visiting Lecturer Internasional | Tidak 2 Sudah Sudah
ada dilaksanakan | dilaksana
kan
5. | Hak Kekayaan Paten Tidak | Tidak ada | Tidak ada Tidak
Intelektual (HKI) ada ada
Paten 1 Tidak ada Draft terdaftar
sederhana
Hak Cipta Tidak | Tidak ada | Tidak ada Tidak
ada ada
Merek 1 - terdaftar granted
dagang
Rahasia Tidak | Tidak ada | Tidak ada Tidak
dagang ada ada
Desain Tidak | Tidak ada | Tidak ada Tidak
Produk ada ada
Industri
Indikasi Tidak | Tidak ada | Tidak ada Tidak
Geografis ada ada
Perlindungan | Tidak | Tidak ada | Tidak ada Tidak
Varietas ada ada
Tanaman
Perlindungan | Tidak | Tidak ada | Tidak ada Tidak
Topografi ada ada
Sirkuit
Terpadu
6. | Teknologi Tepat Guna 1 Tidak ada terdaftar proses
7. | Model/Purwarupa/Desain/Karya Tidak | Tidak ada | Tidak ada Tidak
seni/ Rekayasa Sosial ada ada
8. | Bahan Ajar Tidak 2 draft produk
ada
9. | Tingkat Kesiapan Teknologi 1 Tidak ada Skala 4 Skala 5
(TKT)
5
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SURABAYA
BAB 2. TINJAUAN PUSTAKA
2.1. State of the art bidang penelitian
KERJASAMA PENGUATAN RISET KELOMPOK ENZIM
NASIONAL DAN LIGNOSELULOLITIK TERMOFILIK - UNIVERSITAS
INTERNASIONAL AIRLANGGA
RISET HULU RISET HILIR
(UPSTREAM) (DOWNSTREAM)

—

/TECHNOL oh

|. EKSPLORASLKARAKT
ERISASI, DAN
PURIFIKASI |. TEKNOLOGI
KELOMPOK ENZIM PENGGUNA FERMENTASI
LIGNOSELULOLITIK (STAKEHOLDER) 2. APLIKASIPADA
ASAL BIODIVERSITAS AGRO-INDUSTH
MIKROBIAL

TERMOFILIK
INDONESIA
MANIPULASI GEN,
KRISTALISASI, DAN
PENENTUAN
STRUKTUR ENZIM
LIGNOSELULOLITIK ENZIM

TERMOFILIK LOKAL LIGNOSELULOLITIK
LOKAL KOMERSIAL

&S]

Gambar 1. State of the art bidang penelitian
(O yang dikerjakan dalam penelitian Strategis Nasional

2.2. Studi Pendahuluan yang sudah dilaksanakan

Eksplorasi, isolasi, pemurnian dan karakterisasi kompleks enzim xilanolitik asal isolat
lokal termofilik  Geobacillus thermoleovorans 1T-08 telah berhasil kami lakukan
(Puspaningsih, NNT, 2002). Isolat Geobacillus thermoleovorans 1T-08 diisolasi dari sumber
air panas Gunung Pancar, Bogor (Tan, I. 2001). Peningkatan potensi enzim xilanolitik yang
terkandung dalam isolat G. thermoleovorans 1T-08 selanjutnya dilakukan dengan mengisolasi

gen-gen penyandi enzim xilanolitik ke dalam vektor kloning dengan teknik shotgun. Tiga gen

6
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penyandi enzim xilanolitik termofilik asal (. thermoleovorans 1T-08 berhasil diklonkan ke
dalam sel inang Escherichia coli DHS. DNA plasmid rekombinan dinamakan pTP510 yang
selanjutnya telah pula dipetakan dan ditentukan runutan nukleotidanya (Puspaningsih, N.N.T,
2003-2005). Selain itu ketiga gen tersebut telah diterima di GenBank dengan Accession
Number = DQ387047 [exo-xilanase (exo-xyl)], DQ345777 [B-xilosidase (xy/)], dan
DQ387047 [a-L-arabinofuranosidase (abfa)]. Ketiga gen penyandi yang terinsersi dalam
pTP510, telah pula berhasil dipisahkan dari kompleks xilanase di pTP510 dan diklonkan ke
dalam vektor ekspresi pET-101D/TOPO menghasilkan pET-xy/ , pET-abfa (Puspaningsih,
NNT. Dan tim., 2006), dan pET-exoxy/ (Puspaningsih, NNT., dan tim, 2009). Peta pTP510,
pET-xyl, pET-abfa, dan pET-exoxyl terlihat pada Gambar 3. Selanutnya pET-exoxy! telah
berhasil dieksplorasi lebih lanjut dan berhasil dikarakterisasi sebagai Xilosidase B dengan
kandungan domain CBM dan domain katalitik xilosidase (Ratnadewi dkk, 2013). Hasil
analisis BLAST menunjukkan bahwa enzim p-xilosidase A dan B-xilosidase B termasuk
family GH43, sedangkan enzim «-L-arabinofuranosidase masuk dalam family GH 51. Untuk
melengkapi koleksi enzim xilanolitik asal 1solat lokal Indonesia, maka telah pula berhasil
diisolasi gen penyandi enzim endo-xilanase asal Bacillus subtilis PC-01 yang diisolasi dari
sumber air panas Pacet, Jawa Timur (Puspaningsih, N.N.T dan tim, 2005). Enzim endo-
xilanase tersebut termasuk dalam family GHI11.

Keunikan yang ditemukan dalam hasil cksplorasi tingkat gen di atas menunjukkan bahwa
gen penyandi xy/ dan abfa mempunyai ukuran gen yang hampir sama (xy/ 1536 pb dan abfa
1509 pb), demikian pula dengan massa molekul relatif untuk keduanya sekitar 57 kDa, serta
menunjukkan aktivitas bifungsional. Perbedaan ciri kedua enzim tersebut adalah pada suhu

optimumn

ayi (1538 bp)

pET-abfa
(7282 bp)
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Gambar 2. Peta pTP510 dan turunanya (pET-xy/, pET-ubfa, dan pET-exoxyl)
[Puspaningsih, N.N.T. (2003) dan tim (2005, 2009)]
Keunikan pada karakteristik kedua enzim Xyl dan Abfa melahirkan suatu inovasi

peneliti untuk meningkatkan tahapan penelitian kearah proteomik. Kedua enzim Xyl dan
Abfa rekombinan selanjutnya memasuki tahapan kristalisasi dan analisis difraksi sinar-X
pada tahun 2005 hingga 2007 dan berhasil menentukan struktur keduanya. Peningkatan
aktivitas juga dilakukan melalui tahapan rekayasa protein. Tahapan analisis proteomik

Excelzyme tipe a-L-arabinofuranosidase (Abfa) terlihat pada Gambar 2.

Spesifisitas konsorsium enzim xilanolitik yang diekspresikan oleh E.coli DH5a
(pTP510) maupun enzim Xyl, Exoxyl dan Abfa tunggal asal E.coli BL21 (pET-xy/, pET-
exoxyl dan pET-abfa) dalam mendegradasi beberapa substrat xilan komersial diantaranya oat
spelt xylan, birchwood, wheat-arabinoxylan, rye, dan arabinan menunjukkan bahwa terdapat
sinergisme tahapan hidrolisis berbagai jenis xilan. Data yang menarik adalah Abfa mampu
menghidrolisis substrat xilan pada ikatan arabinosil-xilosa (a-1,2) maupun terhadap substrat
arabinan pada ikatan arabinosil-arabinosil (o-1,5). Fenomena ini menunjukkan adanya
kemampuan Abfa untuk mendegradasi substrat xilan alam, seperti hemiselulosa asal jagung,
gandum, dan padi yang selanjutnya telah dibuktikan dari hasil uji aktivitas enzim Abfa
terhadap limbah tongkol jagung, jerami padi, dan ampas tebu.

Pada tahun 2013 telah berhasil ditemukan bahwa enzim novel exo-xilanase
merupakan enzim xilosidase (Xyl) GH43B yang unik dan memiliki kebaharuan pada domai
Carbohydrate Binding Module nya (CBM) yang berbeda dengan Xyl43A yang juga
dikandung dalam pTP510 dari G.thermoleovorans 1T-08 yang sama. Keunikan ini akan
menyempurnakan peran Excelzyme dalam aplikasi pengolahan limbah pertanian. CBM
berperan mengikat subtrat tidak larut dan menjadi potenzi Lxcelzyme dalam efisiensi
pengolahan substrat tidak larut seperti oat spelt xilan dan limbah pertanian non-soluble
(Ratnadewi dkk., 2013)

Sejak kelompok studi proteomik Universitas Airlangga berhasil mengembangkan
Excelzyme asal isolat lokal Indonesia, khususnya yang berperan aktif pada limbah pertanian
kaya akan lignoselulosa maka tantangan dan inovasi untuk mampu mengaplikasikan enzim
temuan dalam bidang agro-industri mulai dilaksanakan sejak tahun 2007. Berkaitan dengan
hal tersebut, maka tim mengklasifikasikan FExcelzyme menjadi 3 jenis produk, yaitu
Excelzyme 1 untuk aplikasi dalam proses bio-deinking/bio-bleaching, Excelzyme 2 untuk
aplikasi dalam campuran pakan ternak ruminansia, dan Excelzyme 3 untuk aplikasi campuran

pupuk organik. Namun demikian optimalisasi aktivitas Excelzyme tersebut yang hanya
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mengandung kelompok enzim xilanolitik saja masih perlu ditingkatkan melalul penambahan

konsorsium kelompok lignoselulolitik lainnya, antara lain kelompok enzim selulolitik,
pektinolitik, dan lakase.

. ) .
Vektor ekspresi Over-ekspresi

Amplchin

pBR322 ori

oET-abfe Pemurnian Abfa

pTP310 (template plasmid
rekombinan) [1

- Y =

Site Directed Mutagenesis
(E29Q, E175Q, E294Q),

i W298R, E175Q/W298R, dan
] s E2940Q/W298R)
s —-—
— e ] - (a).
) Kristal Abfa
Pemurnian Abfa o _

(b)

Difiaksi Sinew-X Ablu

Analog dengan Struktur Abfa
(Shallom,D. er al ,2002)

Hasil Analisis Docking Substrat pNP-A
dengan sisi aktif cnzim (a) Variant
W?29RR terhadap (b)) WT

Gambar 3. Analisis Proteomik Excelzyme tipe a-L-arabinofuranosidase (Abfa)
(Puspaningsih, N.N.T dan tim, 2005-2010)

Pada tahun 2015, Kelompok Studi Proteomik , Universitas Airlangga telah berhasil

mengisolasi dan mengkarakterisasi mikrobial termofilik hasil isolasi dari sumber air panas

Gunung Pancar menghasilkan koleksi 3 kelompok enzim lignoselulolitik selain xilanolitik
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yang telah ditemukan sebelumnya (Puspaningsih, 2004), antara lain enzim selulolitik,

pektinolitik , dan lakase. Mikrobial termofilik terpilih penghasil enzim tersebut juga telah

berhasil diidentifikasi, yaitu Anoxybacillus flavithermus and Geobacillus kastopilus (Laras

et.al, 2017).

Kegiatan difusi melalui tahapan diseminasi hasil percobaan telah dilakukan bagi
pengusaha pakan ternak lokal khususnya di Jawa Timur dan juga bagi kelompok peternak
maupun petani (dalam hal komposting) melalui pelatihan.

2.3. Peta Jalan Riset dan Teknologi

Peta jalan riset dan teknologi Exce/zyme telah disusun oleh peneliti dan tertuang

dalam Buku Road Map Penelitian Universitas Airlangga tahun 2007-2015 (Gambar 4.).

Pengembangan riset dan teknologi Fxcelzyme dilakukan melalui dua pendekatan, yaitu

saintifik dan aplikasi yang dilaksanakan berkolaborasi dengan institusi dalam negeri maupun

luar negeri (sesuai state of the art bidang penelitian).

Kerjasama penelitian yang sudah berlangsung serta peta jalannya selama ini antara :

¢ Mie University, Jepang

1. JSPS-short course program pada tahun 2003 selama 2 bulan dan menghasilkan klaster
gen penyandi enzim xilanolitik rekombinan asal isolat lokal yang terekspresi di
Escherichioa coli DH5a, dinamakan pTP510. Klaster gen tersebut telah diterima di
GenBank dengan Accession No. DQ387047, DQ345777, dan DQ387046.

2. Kunjungan tim dari Mie University ke Universitas Airlangga sebagai pembicara tamu
dalam acara berikut.

a. Seminar Lignocelluloses Biomass , sebagai pembicara tamu adalah Prof. Dr. Kunio
Ohmiya pada tanggal 5 April 2005 (Pada tahun 2006 beliau sudah pensiun dan digantikan
oleh Prof. Dr. Kazoo Sakka sampai sekarang)

b. The International Conference and Workshop on Basic Science (ICOWOBAS), sebagai
pembicara tamu adalah Prof. Dr. Kazuo Sakka pada tanggal 6 Agustus 2007.

c. The Second Asean Biochemistry Workshop, sebagai pembicara tamu adalah Prof. Dr.
Kazuo Sakka pada tanggal 7-8 Agustus 2007.

3. Kunjungan tim Universitas Airlangga (a.n. Ni Nyoman Tri Puspaningsih) ke Mie
University ,Jepang sebagai pembicara dalam acara rutin Mie Bioforum setiap 5 tahun
sebagai berikut.

a. Mie Bioforum Conference on lignocellulose pada tanggal 10-14 November 2003 di Ishe-
shima, Mie, Jepang (biaya oleh Unesco)
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. Mie Bioforum 2008 on lignocellulose pada tanggal 1-5 September 2008 dan Mie
Bioforum 2014 di Spain Mura, Mie, Japan (bantuan biaya oleh BKLN-Dikti/2008 dan
bantuan biaya Universitas Airlangga/2014)

Hasil kunjungan menambah wawasan keilmuan bagi peneliti, mengingat peserta Mie
Bioforum berasal dari berbagai Negara di Asia, Eropa, dan Amerika.

. Pengiriman dua mahasiswa S3 MIPA Universitas Airlangga a.n. 1 Nengah Wirajana,SSI,
MSi ke Mie University melalui program sandwich Dikti selama 4 bulan (tahun 2009) dan
A.A. Istri Ratnadewi (2012). Penelitian yang dikerjakan terkait dengan kelompok enzim
xilanase yang dikembangkan oleh ketua peneliti yang sebagian topik melibatkan peneliti
mitra.

University of Groningen

. Kerjasama penelitian dimulai pada tahun 2006 melalui perolehan dana internasional
kerajaan Belanda KNAW-mobility program yang pendanaannya dilanjutkan pada tahun
2007, 2008, dan 2009 dengan topik utama pada analisis struktur dan fungsi enzim
xilanolitik yang merupakan kelanjutan joint research dengan Jepang

. Dalam serangkaian kegiatan kerjasama dengan University of Groningen untuk pertama
kalinya 7he First Asean Biochemistry Seminar and Workshop diselenggarakan di
Surabaya dan melibatkan berbagai pembicara dari berbagai perguruan tinggi nasional
maupun tingkat Asean. Pada tahun 2007, The second Asean Biochemistry Seminar and
Workshop dilaksanakan bersama-sama dengan The International Conference and
Workshop on Basic Science (ICOWOBAS) yang merupakan joint conference antara
Fakultas Sains dan teknologi Unair dengan Universirti Teknologi Malaysia. Pada tahun
2009, The third Asean Biochemistry Seminar diselenggarakan untuk pertama kalinya di
- luar Surabaya, yaitu di Malaysia bersama-sama dengan Annual Meeting of Malaysiun
Society of Biochemistry and Molecular Biology. Hal ini menunjukkan pencetus awal
Asean Biochemistry Seminar and Workshop oleh research group telah berkembang dan
disejajarkan dengan International Conference yang telah ada. Pengembangan joint,
conference ini telah melahirkan tripartite collaboration antara Malaysia (Universiti
Teknologi Malaysia, Universiti Kebangsaan Malaysia), Belanda (University of
Groningen) dan Universitas Airlangga

. Telah ditandatanganinya Letter of Intent (Lol) antara University of Groningen dan
Universitas Airlangga, khususnya Fakultas MIPA (sebelum menjadi Fakultas Sains dan
Teknologi)
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4. Pengiriman satu mahasiswa S1 dalam pertukaran mabasiswa lahun 2010 dan satu
mahasiswa S3 dalam sandwich program pada tahun 2012

5. Joint International Collaboration dengan nama Molecular and Cellular Life Sciences yang
pada periode kedua ini melibatkan University of Groningen, sedangkan pada kegiatan
pertama merupakan kolaborasi antara Universitas Airlangga dengan Osaka University,
jepang. Kegiatan akan diadakan pada tanggal 17 dan 18 Juli 2017.

¢ Osaka University, Jepang

1. Sejak tahun 2013 jaringan kerjasama penelitian telah diperluas dengan Institute of Protein
Research untuk pengembangan riset proteomic yang tidak hanya focus pada struktur dan
fungsi protein, namun juga perangkat spektroskopi dan protein modelling sebagai
terobosan baru pengembangan riset rekayasa protein. Pada awal kerjasama ini telah
dikirimkan dua orang staf peneliti muda ke laboratorium tersebut dengan biaya Osaka
University (2013)

2. Joint International Collaboration Molecular and Cellular Life Sciences pertama antara
Universitas Airlangga dan Osaka University, tanggal 7-8 Mei 2015. Selanjutnya pada
periode kedua ini melibatkan University of Groningen, yang akan diadakan pada tanggal
17 dan 18 Juli 2017.

3. Joint Research melalui skema HKLN tahun 2016 dengan mengirimkan satu staf dosen
muda atas nama Ni Nyoman Purwani, S.Si., M.Si. selama 1 bulan untuk studi awal
kristalisasi CBM36 ’

o Kerjasama dengan PT PUPUK KALTIM, PT PETROKIMIA GRESIK, PT
PETROSIDA dalam aplikasi EXCELZYME sebagai campuran pupuk organic

e Laboratory of Enzyme Technology, Biotec-NSTDA, Thailand
Pada tahun 2015, Kerjasama disepakati melalui penandatanganan MoA antara
Laboratorium Proteomik, Universitas Airlangga dengan Biotec-NSTDA , Thailand.
Kerjasama ini akan diperuntukkan untuk mengembangkan riset hilirisasi pada bidang riset
yang sama, yaitu produksi dan aplikas; kelompok enzim lignoselulolitik melalui program
academic mobility bagi para mahasiswa maupun peneliti atau dosen muda kelompok riset
proteomik Universitas Airlangga.

Pada saat ini satu mahasiswa program magister sedang melaksanakan sebagian penelitian
tesis nya di Biotec-NSTDA, Thailand
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. 1. Pembakaran hutan RUSNAS BIO-ENERGI
GG { 2. Pembakaran sisa ﬂ
PUPUK
ﬂ LIMBAH —
GLOBAL
JARMING <::!| PERTANIAN J > FERIANIAN
WARM BERBASIS — PAKAN
POLISAKARIDA
ﬁ BIOBLEACHI
PENYEBAB KEDUA

TERBESAR

Enzim Lignoselulolitik

S P

RISET DASAR RISET APLIKASI
DANA RISET NASIONAL KOMERSIAL(A-B-G)

DAN INTERNASIONAL

Gambar 4. Road map Pengembangan Riset Excelzyme (Sumber: Puspaningsih, N.N.T dalam

Road Map Penelitian Universitas Airlanga, BPP 2007-2015)

BAB 3. METODE PENELITIAN 1 WILIE
- i PERPUSTAKAALN.
Sampel Penelitian o i -m AIRLANGSA
a. Isolat yang digunakan : pETGHS (5) dan GbtXylGH43B (B) L BAYA

b. Bakteri penghasil pektinase , lakase, dan selulase hasil eksplorasi dari sumber air
panas Gunung Pancar Bogor, yaitu : Anoxybacillus flavithermus TP-01, Geobacillus
kaustophilus TP-02

Bahan Penelitan

Semua bahan yang digunakan dalam penelitian ini memiliki kualitas pro-analis (p.a)
kecuali disebutkan lain.

Pertumbuhan sel inang /. coli BL21 dilakukan pada media Luria Bertani (LB) dan
media terdefinisi modifikasi (MTM). Media LB cair memiliki komposisi (b/v), bacto-triptone
1%, yeast extract 0,5% dan NaCl 1%. Media MTM sebagai media pertumbuhan untuk
optimasi memiliki komposisi (b/v), KH,PO,4 0,16%, Na,HPO,;.2H,0 0,66%, MgS0,.7H,0
0,2% serta D(+)-glukosa 1,5% dan (NH4),SO4 0,1% dan pelarut berupa ekstrak taoge. Ekstrak

taoge diperoleh dengan memanaskan 5% taoge hingga memiliki volume akhir separuh
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volume awal. Kanamicin digunakan sebagai antibiotik untuk pertumbuhan sel inang 7. coli
BL21 rekombinan pE1'GHS (5) dan pE1XylGH43B (B).

Reagen DNS yang digunakan untuk analisis aktivitas enzim dan penentuan
konsentrasi gula pereduksi terbuat dari campuran asam 3,5-dinitro salisilat, NaOH, kalium
natrium tartrat, fenol dan natrium sulfit. Asam sitrat (C4HsO7) dan Na,HPQ,.7H,O digunakan
sebagai bahan pembuat buffer fosfat sitrat pH 6. Beechwood xylan dan carboxy methy!
cellulose (CMC). digunakan sebagai substrat untuk uji aktivitas enzim dengan metode DNS,
D(+)-xilosa dan D(+)-glukosa digunakan sebagai standar produk yang terbentuk dalam
penentuan aktivitas enzim.

Alat Penelitan

Peralatan yang digunakan berupa peralatan gelas dan non-gelas serta peralatan
instrumen. Spektrofotometer UV-Vis (Shimadzu UV-1800), Vortex (Labinco L46),
Ultrasonic Homogenizer (JY 92-1IDN), Refrigerated Centrifuge (Hermle Z 400 K),
Incubator Shaker (Gerhard), Autoclave (TOMY), Oven (Memmert), Water Bath
(GEMMYCO YCW-010), Laminar Air Flow Cabinet, timbangan analitik (Ohaus).

Metode Penelitian
Preparasi Inokulum

Satu ose biakan £. coli BL21 rekombinan pETGHS (5) dan GbtXylGH43B (B)
diambil dari media padat dan masing-masing diinokulasikan ke dalam tabung yang berisi 5
mL media inokulum yang telah ditambahkan 2,5 uL kanamicin (100 mg/mL). Inokulum
diinkubasi dalam shaker incubator dengan kecepatan 150 rpm selama 16-18 jam i:ada suhu
37°C. Sebelumnya, media disterilisasi menggunakan autoclave selama 15 menit pada suhu
121°C. Media inokulum berupa MTM digunakan untuk produksi dengan media MTM dan LB
untuk produksi dengan LB cair.

Bakteri terseleksi penghasil selulase, lakase dan pectinase yang telah berhasil
diidentifikasi sebagai Anoxybacillus flavithermus TP-01 dan Geobacillus kaustophilus TP-02
selanjutnya ditumbuhkan ke dalam media LB dan diinkubasi sesuai metode standard.
Produksi enzim

Produksi enzim menggunakan media LB dan MTM. Satu persen (v/v) masing-
masing inokulum isolat 5, B dan 5+B dimasukkan ke dalam Erlenmeyer 500 mL yang berisi
100 mL media produksi MTM dan media LB cair. Sebelumnya, ke dalam masing-masing
media produksi ditambahkan 50 pL kanamicin (100 mg/mL). Kultur diinkubasi pada
temperatur 37°C dengan kecepatan 150 rpm selama +2 jam. Dilakukan penambahan 100 pL
IPTG (1 M) setelah inkubasi atau pada ODsy antara 0,4 — 0,8 dan dilanjutkan kembali
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dinkubasi hingga +4 jam. Kemudian kultur dipanen dengan sentrifugasi pada suhu 4°C 3500
rpm selama 15 menit. Pelet dilarutkan dengan 5 mL buter phosphat citrate (PC) 6 dan dilisis
dengan sonikator 2 menit 80%, kemudian disentrifugasi pada suhu 4°C 3500 rpm selama 15

menit. Supernatan merupakan enzim yang akan ditentukan aktivitasnya.

Uji aktivitas enzim
a. Kultur Campuran

Penentuan aktivitas enzim xilanolitik dengan substrat 1% (b/v) beechwood xylan dan
aktivitas enzim selulase dengan substrat carboxy methyl cellulose (CMC) dalam bufer phosfat
citrate (PC) 6. Uji aktivitas enzim xilanolitik dan selulase terhadap substrat dilakukan duplo
pengukuran dengan metode DNS. Aktivitas enzim ditentukan dengan mengukur banyaknya
gula pereduksi yang dihasilkan dari hidrolisis substrat. Seratus mikroliter substrat ditambah
100 pL enzim diinkubasi pada temperatur 55°C selama 30 menit. Hasil inkubasi ditambah
dengan 600 pl DNS, didihkan dalam penangas air selama 15 menit, kemudian segera
didinginkan dalam penangas es selama 20 menit dan diamkan pada suhu ruang selama 30
menit. Absorbansi dibaca pada A 550 nm. Kontrol yang digunakan diperlakukan sama dengan
kondisi di atas tanpa ada proses inkubasi.

Standar xilosa dan glukosa dibuat dengan berbagai variasi konsentrasi 0,1-1 mg/mL
dari larutan stok 10 mg/mL. Sebanyak 250 uL larutan standar ditambah dengan 750 pL
pereaksi DNS kemudian dikocok kuat atau divortex. Campuran dimasukkan ke dalam
penangas air dan dipanaskan selama 15 menit. Kemudian segera didinginkan dalam penangas
es selama 20 menit dan diamkan pada suhu ruang selama 30 menit. Absorbansi dibaca pada
panjang gelombang, A 550 nm. Satu unit aktivitas enzim didefinisikan sebagai jumlah enzim

yang melepaskan 1 pmol gula reduksi per menit pada kondisi percobaan.

[ xilosa] per ml lar uji x Vol lar vji x f.pengenceran
Mr xilosa atau glukosax Waktu inkubasi x Vol enzim

Aktivitas per mL ekstrak =

b. Enzim Pektinase

Aktivitas enzim pektinase ditentukan dari banyaknya gula pereduksi (asam
galakturonat) sebagai produk dari hasil reaksi antara enzim dan substrat setelah
diinkubasi (Rohishoh, 2012; Zheng, 2000; Li, 2015). Gula pereduksi yang dihasikan
diukur dengan menggunakan reagen asam 3,5-dinitrosalisilatatau disebut metode DNS
(Miller, 1959). Larutan standar yang digunakan adalah asam galakturonat .
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Satu unit enzim didefinisikan sebagai jumlah enzim yang dibutuhkan untuk
menghasilkan 1pmol asam galakturonat dalam waktu satu menit pada kondisi percobaan.

Aktivitas enzim pektinase diukur berdasarkan rumus unit aktivitas sebagai benkut:

konsentrasiasamgalakturonatx volume total x Fp
waktu inkubasi x volume enzim x BM asam galakturonat

Unit aktivitas =

¢. Enzim Selulase

Aktivitas crude enzim selulase ditentukan dengan cara menentukan jumlah
glukosa yang terbentuk, yaitu dengan menggunakan reagen 3,3-dinitrosalicylic acid
(Miller, 1959). Substrat yang digunakan adalah 1 % karboksil metal sellulase dalam buffer
fosfat sitrat pH 7,0. Campuran tersebut diinkubasi pada suhu 60°C selama 30 menit.
Reaksi dihentikan menggunakan larutan DNS sebanyak 600 pL dan dipanasakan selama
15 menit bersama-sama dengan control (mengandung 100 pL enzim yang tealh di
nonaktifkan ditambah 600 ul. DNS dan 100 pL substrat) kemudian segera didinginkan
dalam air es selama 20 menit. Selanjutnya, campuran didinginkan, setelah dingin diukur

absorbansinya pada A 550 nm.

d. Enzim lakase ,
Uji aktivitas lakase dilakukan berdasarkan metode Bourbonnais dan Paice (1990).
Prinsip uji ini adalah sebagai berikut : pewarna non-phenol Asam 2,2’-azinobis-di-(3-
ethylbenzthiazolinesulphonate) (ABTS) dioksidasi oleh lakase menjadi radikal kation
(ABTS") yang lebih stabil. Konsentrasi radikal kation yang berwarna biru kehijauan
(dibaca pada panjang gelombang 420 nm) berkolerasi dengan aktivitas lakase (Bar, 2001)
Aktivitas lakase dinyatakan sebagai International Unit (IU) per liter. Aktivitas enzim
sebesar 1 IU didefinisikan sebagai jumlah enzim yang mengoksidasi 1 pmol ABTS tiap

menit. Aktivitas lakase dihitung dengan menggunakan persamaan sebagai berikut :

L}r AA.min™" x1000

aktivitas (JU /1)= 2(
vyexd

e.
f. Dengan:
g. Ad.min" = perubahan absorbansi tiap menit pada 420 nm

= extinction coefficient ABTS pada 420 nm = 36 mM'cm”’

h. €

. V = volume total reaksi (ml)
v = volume enzim (ml)

k. d = Light path of cuvette (cm)
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Analisis hasil pemurnian dengan SDS-PAGE

Elektroforesis protein dengan SDS-PAGE menggunakan 2 macam gel poliakrilamid
yaitu gel pemisah (separating gel ) 12% dan gel penahan (stacking gel) 5%. Setelah itu set
alat elektroforesis Mini Protean 1l (BioRad) dipasang dan running buffer dituangkan ke
dalam bejana elektroforesis. Sampel disiapkan dengan memasukkan 20 pL sampel dan 5 pL
sampel buffer 5X. Campuran dimasukkan ke dalam penangas air mendidih selama 5 menit.
Selanjutnya sampel dimasukkan ke dalam sumur gel penahan dengan bantuan pipet mikro.
Proses elektroforesis dimulai dengan menyalakan power suplay dan mengatur tegangan
menjadi 100 volt. Elektroforesis dihentikan ketika pergerakan protein sudah mencapai
sekitar 1 cm dari batas bawah gel pemisah.

Gel hasil elektroforesis dilepas dari cetakan dan jarak migrasi bromofenol biru diukur
dari batas atas gel pemisah. Penampakan pita protein dilakukan dengan merendam gel SDS-
PAGE kedalam larutan staining selama 1 jam sambil digoyang konstan menggunakan mesin
penggoyang. Setelah 1 jam, gel dipindah ke larutan destaining untuk memudarkan kelebihan
warna pada gel. Proses destaining dilakukan sampai diperoleh pita-pita protein berwarna
biru dengan latar belakang wama jernih. Berat molekul protein sampel ditentukan dengan

membandingkannya dengan berat molekul dari protein marker.

BAB 4. Hasil Penelitian

Enzim selulase dan xilanolitik dihasilkan dari isolat £ coli BL21 rekombinan
pETGHS (5) dan GbtXylGH43B (B). Data aktivitas enzim terlihat di Tabel 1. Hasil analisis
berat molekul ditentukan dengan SDS-PAGE sesuai dengan Gambar 1. Enzim selulase
memiliki berat molekul 32 kDa dan enzim xilanolitik 72 kDa.

Tabel 1. Data aktivitas enzim

Media Isolat Selulase (U/mL) Xilanolitik (U/mL)
LB 5 2,49 -
B - 1,21
5+B 2,81 1,22
MTM 5 2,84 -
B - 1,26
5+B 2,61 1,38
17
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Gambar 1. Hasil elektroforegram SDS-PAGE : 1). 5 (LB). 2). B(LB), 3). 5tB(LLB), 4). 5
(MTM), 5). B(MTM), 6). 5+B (MTM).

Karakterisasi Enzim selulase, pectinase dan lakase termofilik
Hasil Optimasi pH dan suhu optimum

Enzim Selulase
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Gambar 2. pH dan suhu optimum enzim selulase dari 4 isolat terpilih
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Enzim Pektinase
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Gambar 3. pH dan suhu optimum enzim pectinase

Enzim Lakase
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Gambar 4. pH dan suhu optimum enzim lakase

Hasil karakterisasi pH dan suhu optimum enzim selulase, pektinase dan lakase pada
Gambar 2. 3 dan 4 menunjukkan rentang pH optimum berada masih pada rentang pH asam
sampai dengan netral. Sedangkan hasil penentuan suhu optimum menunjukkan rentang suhu
optimum masih pada rentang suhu pada enzim termofilik. Hasil tersebut menjadi peluang dan
tantangan bagi penelti untuk mendapatkan sifat biokimia enzim yang berada pada rentang

lebih basa bila akan diaplikasikan pada industry pulp and paper.

BAB 5. KESIMPULAN DAN SARAN
5.1. Kesimpulan
I. Eksplorasi dan perluasan jenis enzim lignoselulase telah berhasil diisolasi enzim

selualase, lakase dan pectinase dari bakteri termofilik Anoxybacillus flavithermus TP-

01 dan geobacillus kaustophilus TP-02 -
HWMILIEK
FERPUSTAKAAN
WITVERSITAS AlREANOGS
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2. Kultur campuran selulase dan xilanolitik telah berhasil diproduksi bersamaan dalam

satu shake flask dan mampu tereksprest dengan baik

6.2. Saran
|. Optimalisasi produksi kultur campuran masih perlu dianalisis dengan system
terkendali bioreactor

2. Peningkatan sifat biokimia kelompok lignoselulase perlu dilakukan
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" JUBMB Congress & 15 FAOBMB Congress ((UBMB SEOUL 2018)

ne 4 (Mon) ~ 8 (Fri), 2018 | COEX, Seoul, Korea

April 16,2018

Ni Nyoman Tri Puspaningsih
Universitas Airlangga
Department of Chemistry

Indonesia

Dear Prof. Ni Nyoman Tri Puspaningsih

Subject: Invitation to the IUBMB SEOUL 2018 Congress

On behalf of the [IUBMB SEOUL 2018 Organizing Committee, we are pleased to invite you to

the 24th TUBMB Congress & 15th FAOBMB Congress (IUBMB SEOUL 2018), which will be
held at COEX in Seoul, Korea between June 4 and 8, 2018. This triennial congress under the
theme of *Integrating Science for Bio-Health Innovation’ will provide a unique opportunity for
expert review of international advances at the cutting edge of biochemistry and molecular .
biology. ‘

As you all know, the IUBMB Congress is one of the biggest international research conferences
in basic biological science. Therefore, in this congress, there will be more than 25 symposia
covering various research fields from virus to human cancers. Numerous renowned scientists
from all over the world including Nobel laureates will be invited for plenary as well as special
lectures. In addition, numerous workshops or satellite meetings introducing novel
biotechnologies will also be given. In these symposia and lectures, new findings in both basic
research and applied technology will be introduced and discussed. Thus, the main purpose of
the IUBMB congress 1s to provide a platform for biomedical researchers or students to socialize
and exchange valuable information.

We look forward to seeing you in Scoul, Korea.

Sincerely

yr/a

Uhtaek Oh
Chair
IUBMB SEOUL 2018 Organizing Committece
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THE 7" INTERNATIONAL CONFERENCE OF
THE INDONESIAN CHEMICAL SOCIETY (ICICS) 2018

IN PAPUA

Jayapura, 8 April 2018

Dear Prof. Ni Nyoman Tri Puspaningsih

It is my honor and pleasure to invite you as a one of the invited speakers to the ™
International Conference of The Indonesian Chemical Society (ICICS) that will be held
in Jayapura, Papua, Indonesia, on September 26-27, 2018,

Indonesia is a country consists of number of islands and provinces, including Papua
Province. Papua is the largest island in Indonesia, rich in bio-diversity from both land
and sea. Geographically, Papua island is located on tectonic plate, causes it rich on
non-biological natural resources such as oil, gas, minerals and mining materials,
including gold, copper, coal, limestone, quartz sand, clay, sand iron, and silica. Despite
of these abundant, there have been limited number of researches done to explore the
potency of Papua’s natural wealth.

We would be delighted to have you present at this conference to hear of your thoughts
and experiences of Biochemistry field. We truly believe that we will be able to enhance
our knowledge from the finding of the research you will share.

I am sure that you will consider to attend this conference and confident that your
lecturing will contribute to success this conference. Please find hereby attached the
Invitation Letter and Terms of Reference of the Conference and look forward to
welcome you in this conference.
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Respecifully Yours,

Yohanis Ngili
Conference Chairperson

In Iclcs 7" Papua.

RSVP: icics7papua@gmail.com

Our conference website: https://icics2018.fmipa.uncen.ac.id
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KOREA

UNIVERSITY

Department of Chemical and Biological Engineering,
College of Engineering,

Korea University,

Seoul, 136-701,

Republic of Korea

INVITATION LETTER
September 10~14, 2018

The 12" Korea-ASEAN Joint Symposium on Biomass Utilization and Renewable Energy
Ni Nyoman Tri Puspaningsih

'Departement of Chemistry, Faculty of Science and Technology,
*Proteomic Laboratory, Institute of Tropical Disease , Universitas Airlangga, Kampus C Mulyorejo,
Surabaya, East Java 60115, Indonesia.

Ni Nyoman Tri Puspaningsih

We are pleased to invite you to present a paper on “BUILDING RESEARCH CONSORTIUM ON
LIGNOCELLULASES TO DEVELOP GREEN INDUSTRY" at the 12th Korca-ASEAN Joint
Symposium on Biomass Utilization and Renewable Energy (September 10-14, 2018) in Korea
University, Scoul, Korea.

Your participation is very important to the success and continuity of the program. We hope you will
be able to attend and look forward to seeing you at the Symposium.

Thank you very much for your cooperation.

Sincerely yours,

-

Prof. Seung Wook Kim Ph.D
Chairman of the Symposium

Organizing Committee
Korea University

Telephone: +82-2-3290-3300

FAX: +82-2-926-6102
E-mail: kimsw(@korea.ac kr
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Technical Committee

2™ ASEAN Microbial Bictechnolegy Conference 2012
MARDI Headguarters

Persiaran MARDI-UPM, 43400 Serdang, Selangor Malaysia

Ted © (+BU3) 8953 G303

Fax : (+603) 8053 6324

Cmall : tachnical ambe2010@imard| gov. my
http:ffambc.mardi.gov.my

Date: 8 March 2018

Dr Ni Nyoman Tri Puspaningsih

Department of Chemistry, Faculty of Science and Technolegy,
Universitas Airlangga,

Kampus C Mulyorejo,

Surabaya, East Java 60115,

Indonesia

Dear Sir / Madam,
Pariicipation Status in ASEAN Microbiai Biotechnology Conference, 24-26 Apiii
2018, Pullman Hotel Kuching, Sarawak, Malaysia.

We are pleased to inform you that your abstract titled:-
Biochemical Properties and In Silico Anailysis of u-L-arabinofuranosidase Variant and
Its Expression in Escherichia coli Extracellular Secretion System

has been accepted for orai presentation

Piease make payment before 15 March 2018 to enabie us to reserve the siot for you. We
believe that your participation will help towards the success of our Conference. If you have
any enquiry piease do not hesitate to contact us at technical.ambc2018@mardi.gov.my

Thank you.

Yours sincerely,

Dr. Jeffrey Lim Seng Heng
Technical Committee for AMBC 2018
MARDI, Persiaran MARDI-UPM,
43400 Serdang,

Seiangor
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3™ ASEAN Microbial Biotechnology Conference 2018
MARDI Headquartess

Parciaran MARDI-LIPM, 43400 Sarang, Seiangor Malaysia

Tel : (+603) 8953 6303

Fax ; (+603) 8963 6324

Email : fechnical.ambe2018@mardi.aoy.my

hitp://ambc.mardi.gov.my

Date: 10 March 2018

Ms One Asmarani,

Proteomic Laboratory, Institute of Tropical Disease,
Universitas Airlangga, Kampus C UNAIR,
Mulyorejo Surabaya 60115,

East Java Indonesia

Dear Sir / Madam,
Participation Status in ASEAN Microbial Biotechnology Conference, 24-26 April
2018, Pullman Hotel Kuching, Sarawak, Malaysia.

We are pleased to inform you that your abstract titled:-
CELL IMMOBILIZATION OF Streptomyces griseus AND IT'S VARIANT FOR
FRUCTOSE PRODUCTION

is accepted for poster presentation X

is accepted for oral presentation

We believe that your participation will help towards the success of our Conference.

Yours sincerely,

Dr. Jeffrey Lim Seng Heng-
Technical Committee for AMBC 2018
MARD/, Persiaran MARDI-UPM,
43400 Serdang,

Selangor
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3™ ASEAN Microbia! Biotechnolegy Conference 2018
MARD! Headquarters

Persiaran MARDI-UPM, 43400 Serdang, Selangor Malaysia

Tel : (+603) 8453 6303

Fax : (+603) 8953 6324

Cmail : technical. ambe2018@mardi gov.my
hitp:/fembc.mardi.gov.my

Date: 8 March 2018

Ms Lailatui Fithri

Proteomic Laboratory, Institute of Tropical Disease,
Facuity of Science and Technology,

Universitas Airlangga,

Kampus C-UNAIR,

Mulyorejo, Surabaya 60115

Dear Sir/ Madam,
Participation Status in ASEAN Microbial Biotechnology Conference, 24-26 April
2018, Pullman Hotel Kuching, Sarawak, Malaysia.

We are pleased to inform you that your abstract titled:-
BIOCHEMICAL CHARACTERIZATION OF LACCASE ISOLATED FROM PALM OIL
TRUNK FUNGI AND ITS ACTIVITY TO NATURAL LIGNOCELLULOSE

has been accepted for oral presentation

Please make payment before 15 March 2018 to enable us to reserve the slot for you. We
believe that your participation will help towards the success of our Conference. If you have

any enquiry please do not hesitate to contact us at technical.ambc2018@mardi.qov.my

Thank you.

Yours sincerely,

Dr. Jeffrey Lim Seng Heng
Technical Committee for AMBC 2018
MARDI, Persiaran MARDI-UPM,
43400 Serdang,

Selangor
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3 ASEAN Microbial Biotechnology Conference 2018

MARDI! Headquarters

Tz R s, SMEREe ool Persiaran MARDI-UPM, 43400 Serdang, Selangor Malaysia
B e 4 s Tel : (+603) 8953 6303
] : g Q i % Fax : {+603) 8953 6324
PSSR ST A S S Email : lechnical.ambe2018@mardi gov.my
http:/fambc.mardi.gov.my

A1)

Date: 10 March 2018

Ms Anita Kurniati,

Proteomic Laboratory,

Institute of Tropical Disease,

Universitas Airlangga, Kampus C Mulyorejo 60115,
Surabaya, Indonesia

Dear Sir/ Madam,
Participation Status in ASEAN Microbial Biotechnology Conference, 24-26 April
2018, Pullman Hotel Kuching, Sarawak, Malaysia.

We are pleased to inform you that your abstract titled:-
EXPLORATION OF CAZy GROUPS FROM GUNUNG PANCAR INDONESIAN HOT-
SPRINGS BACTERIA

is accepted for poster presentation X

is accepted for oral presentation

We believe that your participation will help towards the success of our Conference.

Yours sincerely,

Dr. Jeffrey Lim Seng Heng
Technical Committee for AMBC 2018
MARDI, Persiaran MARDI-UPM,
43400 Serdang,

Selangor
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3™ ASEAN Microbia! Biotechnolegy Conference 2018
MARDI Headquarters

Persiaran MARDHIPM_ 43400 Sardang, Salangnr Malaysia

Tel: (+603) 8953 6303

Fax : (+603) 8963 6324

Email : technical.ambe2018@mardi.gov.my
hitp:/fambc.mardi.gov.my

Date: 10 March 2018

Ms Sylvia Aulia Rahmah,

Proteomic Laboratory,

institute of Tropical Disease,

Universitas Airlangga, Kampus C Mulyorejo 60115,
Surabaya, Indonesia

Dear Sir/ Madam,
Participation Status in ASEAN Microbial Biotechnology Conference, 24-26 April
2018, Pullman Hotel Kuching, Sarawak, Malaysia.

We are pleased to inform you that your abstract titled:-
EXPLORATION AND ANALYSIS OF LIGNOCEL{ ULASES CONSORTIUM FOR
DEINKING OF RECYCLING PAPER TOWARDS ECO PAPER INDUSTRY

is accepted for poster presentation X

is accepted for oral presentation

We believe that your participation will help towards the success of our Conference.

Yours sincerely,

Dr. Jeffrey Lim Seng Heng
Technical Committee for AMBC 2018
MARDI, Persiaran MARDI-UPM,
43400 Serdang,

Selangor
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3 ASEAN Microbial Biotechnclogy Conference 2018
MARD! Headquarters

Persiaran MARDIFUPM, 43400 Serdang, Selangor Malaysia

fel: (+603) 8953 6303

Fax : (+603) 8063 6324

Ernan - lethuncal sinbe 20 Tddiea diguv. oy

hitp://ambc.mardi.gov.my

Date: 10 March 2018

Ms Ni Nyoman Purwani,

Proteomic Laboratory,

Institute of Tropical Disease,

Universitas Airlangga, Kampus C Mulyorejo 60115,
Surabaya, Indonesia

Dear Sir / Madam,
Participation Status in ASEAN Microbial Biotechnology Conference, 24-26 April
2018, Pullman Hotel Kuching, Sarawak, Malaysia.

We are pleased to inform you that your abstract titled:-
Application of Thermophilic Xylanolytic Enzymes from Indonesian Bacteria
Geobacillus thermoleovorans 1'T-08 on Peatland

is accepted for poster presentation X

is accepted for oral presentation

We believe that your participation will help towards the success of our Conference.

Yours sincerely,

Dr. Jeffrey Lim Seng Heng
Technical Commiltee for AMBC 2018
MARDI, Persiaran MARDI-UPM,
43400 Serdang,

Selangor
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ABSTRACT

Fepgast

Aims: This study determined the oplimum temperature for cell |rpmobmzailon 1]3? opnmum time of fructose production
by immobilized cell, and immobilized cell stability against repeated use in‘fructose ﬁrodudlon

Methodoiogy and resuits: Research on cell immobiiization of Strgptomyoes grisetrs and the vanant have been done.
The Streptomyces griseus variant was resulted from UV mutation. The ‘variant was able to produce fructose as
]wdrr‘!};sls ;rb'iubi 3 times as much after 30 minutes ﬂanﬂ{ag was rlﬁ‘lln n" Rf‘. 20, 70, 80 and 20 "C, The fruclose
production was performed at intervals of 4 hours for 32‘"?1%;3 Ti‘[g results’ showed that the optimum cell 1i"|‘|l‘|10bl||l28l|0n
temperature of Streptomyces griseus and its uanani S 80 °C _«Fhe aptimum fime of fructose production by
immobilizing cell of Streptomyces griseus was:, 28 hours and its variant cells was 24 hours. Immobilized cells of
Streptomyces griseus can be reused for 6)(28 hdurs to prcduce fructose compared to variants cells was 5x24 hours,
respectively. %

Conclusion, significance and lmpact of s”lus!y ]'h:?r sludy (époned that immobilized cells of Streptomyces griseus can
be reused and its variant were highi¥ than{aghnuq iAHHE production of fructose. As a result reduced the cost of
industrial process, and the frucmse prbcguce?] is afso stllltugh

‘l uw-

Keywords: cell immobilization, @cfos% Sfreprorﬁyt;gs gnseus variant
At

INTRODUCTION

e Y oy,

The high damﬂ ds for ‘su ars qu the development

of enzyme ler‘hgoln have intraased the production of
sweetenersy.especiall for gluq}se and fruclose (Roberlo
el al., EQQ%;?ﬁﬁ]QU .lb bt than ulucose and more
safety for's ar‘-r sm. Moreover, D-fructose plays
an important-role ﬂg‘la diabetic sweetener because it is
slowly reabsorbed by'the stomach and does not influence
the gu::i‘é{ ev ,rn the blood (Bhosale et al., 1996).
Fructose can e produced from starch through the
enzymatic hydrolysis and isomerization. The hydrolysis
product of glucose then isomerized by glucose isomerase
to produce HFS (High Fructose Syrup). HFS is used
worldwide as a sweetener in canned goods, baked goods,
processed foods, dairy products, and carbonated
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beverages. According to Vuilleumier, S. (1993) HFS is
pieler used i Toud indushy Lecause il does nol pose the
problem of crystallization as sucrose does. The glucose
isomerase can be isolated from Strepfomyces, Bacillus,
Actinoplanes and Arthrobacler specics.

The study using Streptomyces griseus was done by:
(a) Puspaningsih et al. (1992), to simplify the fructose
production stage of starch through the process of co-
immobilization of glucoamylase enzyme with alginate
matrix: (b) Purkan et al (1997) to optimize glucose
isumerase  pioduction by the addition of xyluose and
glucose inducers, and (c) Widianti (1999), to increase the
produchon ol glucose somerase by UV o mualabon The
mutation revealed that Streptomyces griseus variant were
able to produce glucose isomerase 3 times as much after
30 minutes.

ISSN (print): 1823-8262, ISSN (online): 2231-7538

Ni Nyoman Tri Puspaningsih



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

Malays. J. Microbiol. Vol xx(x) x00cx, pp. x<xX-xxX
DO hillp Mdx.doi org/ 10 2110 i xoxxx

The conversion of glucose to fructose by using free
Gl (Glucose Isomerase) enzyme is not economical
because the enzyme is intra-cellular and also high-cost of
free enzyme, when used in the solution is not
recoverable. This problem could be overcome if the
enzyme is immobilized. Current production of high-
fructose syrups generally uses immobilized, rather than
soluble enzymes. According fo Saxena, V. (2018} the
advantage of immobilized Gl enzyme, it is used for a
longer duration due to its long life in the support material
and the ability to be reused. Research by Hobbs, L.
(2009) showed that wusing immobilized enzyme
technoiogy, it is possible to produce high-fructose syrups
containing 42%, 55% or 90% fructose.

The immobilization of whole microbial cells and their
applications to bioprocessing have
been of interest for nearly thirty years. Immobilization of
whole cells for extra-cellular enzyme production offers
several advantages, such as the ease to separate cell
Mmass froi e Duik {iGuid for possibie reuse, faciiiating
continuous operation over a prolonged period, enhancing
reactor productivity and ensuring higher efficiency of
catalysis (Kar and Ray, 2008). Further, the use of
immobilized cells as industrial catalysts can be
advanlageous compared to batch fermentation process
(Adinaraya et al., 2005).

Recently, lhe immobilized whole cell has
regarded as an alternative method of enzym"_é"
immobilization
and time-consuming process. Moreover, the ‘cost of -
isolation and purification of enzymes is high whlch is not
Nnecessary in whole celi immobiiization {Tdi]}} el HLI:-:IBB
Elakkiya et al., 2016.). By heating the midroblal ce!ls on
cell immobilization,

been

1969). Heating cell immobilization wm be': donen,tn this
study using Streptomyces gz.geus-,andcﬁ.ﬂs"\ganari?;f‘ to
produce fructose.

The aims of this ras,aa;g.. igg,w;g de‘iu@;mrre the
optimum temperature for ceffajmi b:limmn by cell
heating, the oplrm um, ff;ge of fmctoﬁg production” by
immobilized cell, »ahd immobile cell Stability against
repeated use |q fruct95e prodl.ic;tion

MATERlA@thE‘mons E
Mlcroorgagnsﬁl anﬂ cﬁlture

o 1! %, 3

Thq stranMpf Sl‘repromyces griseus and its variant
was o!iamed “ifrom the Biochemistry Laboratory,
Uepdltmenk uf »-‘Ciswlltblly Facully of Suence and
Technology iiversitas Airlangga. All chemicals were
analytical grade purchased from Merck (Germany),
Becton Dickinson (France) and Sigma Aldrich (USA).

Solid medium consist of 1% D-glucose, 0.02%
MgS0.4.7H.0, 0.5% vyeast extract and 1.7% bacto agar.
The medium were stenlized by autoclave at 121 “C tor 15
minutes. The culture plates were incubated for 5-7 days
at 3Q °C. For Gl production, the spores were transferred
to 100 mL of liquid medium consisting of 0.5% yeast
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extract, 0.3% peptone, 0.3% casein, 0.02% MgS04.7H0,
and 1% xylose. After incubation under constant shaking
(175 rpm) for 42 hours at 30 °C, the pellet cell was
collected by centrifugation at 3000 rpm for 15 minutes
and washed with 0.85% NacCl.

Cell immobilization of Streptomyces griseus and its
variant

The pellet cells of Strﬁmnmyc‘emqnseu‘: and its
variant were suspended into phosphatp buffer pH 7. Each
5 mL of cell suspension in a coueged ‘Feaction tube was
heated at 80 “C for 24 hours u@‘a water bath. The peiiet
cell was collected by cenlnfug’gtion af'ﬁﬁoo’f} rpm for 5
minutes. Those pellet cellwas .mr;nbsi-zed celléithat was
ready to be tested fo a&;‘y Vi, The ,k,actlwty was
determined by mcubatmg the |mmobil‘rze;1 spell and 5 mL
of the substratesQ,1 M D-gilicose and 0.01 M
MgS0..7H.0 in phosﬁhale buffer"pH 7) in a closed
reachion luUt}-_'l'!lill bllllﬁlu al 63-:‘-1. for 3 nmnuies and
determined Zits Qonceptrahon by cysteine-carbazole
method (Bhatia 'm"? Prqhhs{ 1980)

Detenninatlon of optlmum temperature of
tmmoblllzed Streptoh:yces griseus cell and its variant

o

F’&..H:’.l celiseol Sheploniyoes griseus and ity vaniant

were suspénded into phosphate buffer pH 7. Each 5 mL

of t‘eH quﬂ-nensmn in a covered reaction tube was heated
a,at d|fferen1 temperature (50, 80, 70, 80, dan 90 °C) for 24
hQurs in a water bath. Cell was immobilized cells, then
separated by centrifugation at 3000 rpm for 20 minutes
:and was ready for activity detection. The activily was
Tneasured by incubating the immobilized cell and 5 mL of
the substrate (0.1 M D-glucose and 0.01 M MgSQ..7H.0
in phosphate buffer pH 7) in a closed reaction tube with
stirring at 65 °C for 5 minutes and determined its
concentration by cysteine-carbazole method (Bhatia and
Frabhu, 1580).

fructose

Determination  of optimum time for

production by immobilized cell

Optimum time for fructose production was measured
by incubating immobilized ceil (product of optimum
lemperature of immobilized cell) and 10 mi substrate in a
covered Erlenmeyer with stiring at 65 °C. The fructose
production was taken for each 4 hours and determined its
concentration by the cysteine-carbazole method (Bhatia
and Prabhu, 1980).

Stability of immobilized cell

The stability of repeated usage of immobilized cell
was determined by incubating of immobilized cells
(products of optimum immobilization temperature) and 5
ml of the substrate in coversd Erlenmeyer with stirring at
65 °C. The optimum time of fructose production has been
fixed by length of time. In the present study, the length of
time is used to incubate reaction mixture. Further,

ISSN (print): 1823-8262, ISSN (online): 2231-7538

Ni Nyoman Tri Puspaningsih



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

Malays. J. Microbiol. Vol xx{X} XXxX, pp. JXX-XXX
DOI: hitp://dx.doi.org/10.21181/mjm.coox

immobilized cell was washed with phosphate buffer pH 7
and can be reused for next application until Gi activity in
immobilized cells was low. This can be seen from the
concentration of fructose by the method of cysteine-
carbazole (Bhatia and Prabhu, 1980).

Determination of fructose concentration

The fructose concentration was determined by the
modified method of cysteine-carbazole (Dische and
Borenfreud, 1951). This method is specific for the fructose
concentration of 10-60 ug/mL. The reaction was done by
mixing of fructose with 1 mL of 2% L-cysteine HCI follow
by addition of 5 mL 75% H,SO, and stirred. The reaction
is carried out al a temperature of 4 °C. Then 0.15 mL of
0.12% carbazole was added into solution and stirred. The
reaclion mixture was heated at 40 °C for 30 minutes.
moved to 4 °C, then kept the reaction at room temperature
for 4 minutes. The colous formation was measured by
absorbance at wavelength 1ange 5606-565 onm. The
standard fructose curve was made with varying
concentrations of 5-30 pg/mi

RESULTS AND DISCUSSION

Production of Gl enzymes in Streptomyces griseus 3 édva
cells and its variant ,‘.

z

The Gl enzyme is intra-cellular and inductive en%e\g

(Bhatia and Prabhu, 1980). To produce a maxj
enzyme, an appropriate inducer is required. Pu

(1997) reporied that the xylose inducer
production compared to the glucose and?
mixed inducers. Beyond as an inducey,
carbon source, while nitregen sourcgs
peptone casein hydrolysate and :
is used to synthesize nuclelc
energy. Magnesium and Sodicy
synthesis, nucieic acids8 '

structure (Crueger and -31

as an activator (Go: Shd Reic) Y “Faga
Puspaningsih [t al. (1S et
curve of Stg ces fHspus zbsing dry weight

e

n et al

crea d GI
cose-

measurement. ¥he rest /88dRat the maximum dry
weight celld 1 ) ',"', es griseus was 42 hours,
while S gtant can be harvested after
10 hours™g idianti, 1999) At the hme of the

celﬁ),}gryesm%s

Table 1*Pata of!

x.iow sen y_wly

“ﬁ&ﬁi‘g

Gl & repo

the highest. The growth difference between Streptomyces
griseus and its vanant occurs due to the errors on
translation process, thus causing important
proteins/enzymes needed for cell metabolism during the
growth phase are not functional (Puspaningsih, 1995).

Determination of optimum temperature of
immobilized Streptomyces griseus cell and its variant
by heating

enzyme makes the Gl more expens and Ollis,
1986). Therefore, in this study wg s ial ceiis, for
immobilization process that wj imple and
economica! (Jack and Zaji B
Determination fnmobilization

temperature is important
immebilized cells,
from the conce i

immobilizatig s’s\%% gges when compared
with free ) turé; Jeaclion speed can be
accelerated, %h dﬁutxcn‘ ‘rate can be used in
contn ous fe Btion without cell washing, and it is
Iesﬁ’ﬂ qu}:ble tohe effect of inhibitory compounds and
epjetion (Mgrques et al, 2006). The main
mobitization confers to whole cells are

3 lemperature and pH when compared lo
(Lee et al, 1984). The process of
was done by heating, Takasaki (1969)
t the type of microbial cell immobilization by
ating Without chemical treatment. When Streptomyces
spieiis having high Gi aciivity was heated at 60-85 °C for

3etivity can be known

[=]
500y
=n

#2-20 minutes, the Gt will be retained within the cell. it was
Bory

ated that the enzyme trapped in the cell would not come
out of the celi, although the cells were heated for a long
time and the conditions were suitable for the extraction of
enzymes from cells with autolysis (Chibata, 1978).
Heating causes inactivation of other enzyme intrusions
that contribute to autolysis and retains Gi enzymes, thus
immobile cells may be used repeatedly (Bhatia and
Prabhu, 1980).

In this study, immobilized cell temperature of
Streptomyces griseus varied between 50-90 °C. The result
of optimum immobilization temperature can be seen in
Table 1 and Figure 1, while the optimum immobilization
temperalure of Streplomyces griseus cell and ils variant
were 80 °C.

%
mobilization temperature variation by heating

T At
> Fructose concentration (ug/mt)
Temperature (°C) Streptomyces griseus i Variant
50 37.7164 63.9398 -
60 43.3582 94,9716
70 43.6716 96.5479
80 51.7313 101.6708
90 43.1940 95.3657

193

LAPORAN PENELITIAN

Pengembangan Konsorsium Excelzyme ...

ISSN {print): 1823-8262, ISSN {online): 2231-7538

Ni Nyoman Tri Puspaningsih



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

8£G/-1ETT {(BUlUo) NSSI '2928-£28) [(Juud) NSSI

4513

139 pazyigowuwt Aq
uonanpoid asopnyy jo awin wnwndo jo anng :z aunbiy

{sinoy) suny uotppnpoid asopniy

¢eE 8Z v 0C 91 1 8 ¥
o]
juelies {— 21
=
os 2
&
‘sJnoy bz snasul salAwo)dans —— / 8
X G 10} JUBLEA S}l PUE 'SiN0Y 8¢ X g 40y uolonpold asojonyy oot E
Jo) Apajeadal pasn aq ued |80 snasub ssafwojdass a9
10 span pazyqowiun ayy ‘¢ amnbid pue ¢ agel Ul UBAS / 5
aq ues uonpnposd asojonyy ul asn pajeadal jsuiebe sjjao 0st =4
pazijiqowwi jo bBunsay Auiqgels jo s|nsas ayl ‘8sojonyy =
0} asoonib jo uonoeas uolEZUBWOS! Y] o) pasn aq D\U/ e
ued |j22 ajiqoww ay) Buo| Moy N0 pul 0} PIONPUOD SEM 00c E
asn paigadsi 10 153 ANIGEIS (80 pezZijgowiun sy g
s||22 pazijiqowu to Aujlgelrs 0sZ
- - B [4
Zce0'vel ; 4 82
26817002 A + BEvISL B B ¥
88€6'9.1 : 9088'SEl 0c
0480720 Bl1+2zL (o]
y906°2G 1 8.v¥'001L Zl
8L0L6EL ay/0’Le - 8
989/°1¢Z1 ; ) 1G86°LS ¥
i S {sinoy)
weneA 3 p: snasuf sanfmordang Gty BBLINGOIY
(Jwybrl) uogeUaIUI 850N 350304

s By
e fhat T,

i a(G8B) ‘uewasW
iod wnugiinba  uieniey Sul UoeelFnun  asoon|f
0] 95030MU) 8sIaAIPUE ‘3SEPNIL 0} §500NI6 JO UONOEA)
ajqisianal am“azméggo |9'*=s:_n6t1&.;59§' SEM JUBLBA S|
pue sinoy g-'_' m%j%azmqoﬂgw; snasulb sesciwojdans

10 uonpnpold’ asomiy. windo ayl 1.yl pamoys
T a.mﬂ{ pip 7 ajaed: Ul U388 aq ued |10 PAzZigoLLl
Agq uopon ‘ga‘v{e‘gsonn}. Jo ynsas Buwn  wnwido

ayl ‘uonesy pos;*éw!wa;ap 0] pawuoj Ss! asolanyy
10 |ersajun Groysy, YoBT BULINS Uim .59 JB dlBXsans

8yl yum papelibo sem |[30  paziiqowwl 3yl

-asojonuse; asoonis Buipeauoo ul Ajaioe winwpdo
3yl Uo JOM [liM S[[80 paziiqowwl ul |9 3y} ‘UORIPUOD
siy1 Ul “sfaaa) asolonl ubiy Bulonpoid ul weuodun AJeA si
uononpotd asojonyy jo awy wnwndo ay) Jo uoneuiulalap
ayl ‘(ggel ‘sWo pue Aspeg) (j9) ewAzus esoan|b
aseislliosi AQ 9s0onjb jOo  UOIBZUBWOSI AG pouigljo
aq ueo asopnyy jo uononpoid onewhzus 8yl

1182 paziiqowwt Aq
uoianpoid 8s0janyj Jo awn wnwido jo uonEUILLIBIAQ

LAPORAN PENELITIAN

Pengembangan Konsorsium Excelzyme ...

AL ‘2
135 paziliqowwi Aq uononpoid asojni J0 aw WNWNdo Jo e1eq iz AqeL

Buneay Aq
UCHEULEA aunjeladwa) UOHEZIiqowWw jo aangd :j ainbid

(2] 3imjesadway

06 0B 0L 09 oS
4]
JUeLIBA I
e 0z §
snasul §3)AWCI0aG5 —F— a8
n
W g
8
os =
/ g
/ -3
/. - 08 =
S/ =
———" | &
(sl

ool Lg | Lz 0L /B10 1P Xp/rdiy 100
xoo-xxx “dd oo (X)X [0A 1010l T sheew

Ni Nyoman Tri Puspaningsih



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

Malays. J. Microbiol. Vol xx(x) 3xxx, pp. X-XxX
LI hitp://dx.doi.org/10.21167/mjm.so0ox

Table 3: Data of repeatedly used of immobillized cell

Fructose concentration (pg/mL)

Number of use

Streptomyces griseus Variant
o 1 179.4925 1243301
2 167.6119 - 122.1627
3 142.4179 - 121.1775
4 135.9701 - 116.2516 " B ]
5 131.0746 93.7884 ¥
) 6 - 87.4925

60 —fv— Streptomyces gnseus

—{O— variant

Fructose concentration (pug/mlL)

1 2 3 4 5 6

d

Number of use

Figure 3: Curve of repeatedly used of immobitlized‘;cell

From the Fig. 3, we observed,. IhaL wuuucv&
immobilized cell were used, the re{ﬁmn@ actmty were
decreases This was assumed ;!J:P o, rhﬁnges’ tn 1”’!
conformation of the enzyme' Activ cémﬁr “du, 10-5{00
frequent contact with the substr }P fl&Lapp Eation,

the conformation of the c ‘ofythe“Bnzyme Is
allegedly ahgmly altered, the “greater. thés permanent _
dinage ouis qwam.w with lhe

S ofle
substrate. This situation catiges the Gecline in the activity

(Tyasrini, 1994 results af_this sstudy indicated that
the reused im %ells is VEry advantageous in the
productionzgf.f .% Ee in addition to reduce
costs, tn%rm 0 p??’du §aiso still nigh.

com::_usiﬁm Y u, ®

Celﬁmmoh‘ﬁzatmn of Streptomyces qriseus and its
variant by “hggﬁng is potentially used for fructose
praduction.
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ABSTRACT

Aims: Indonesia as an agricultural country has great potential in the agncultur’égsécmr As.a consequence, in recent
years there has been a growing and persisting demand towards lignocellulosic waste “Laccase is metalloenzyme that
can degrade lignin. Oil palm empty fruit bunches (OPEFB) is one. .of:the lrgnm-&"%ntalnlng waste. Laccase was isolated
from the fungi of oil palm empty fruit bunches. The present sluﬁy is deslgned isolate and determine the activity of
igccase irom funygi ui oii paim emply iruil bunci, aiso parbiakipurifigations™ awith dmn’xumum Suiphale and observed lhe
natural substrate surface profile after laccase adding treatman by Ssé nlng E[eclron Microscope (SEM).

Methodelogy and Result: The laccase activity, tqmpt’raturek :mde pH "nphmum temperature and pH stahility
characterization that obtained from fungi were mt.asu"Yed by" &B’TS {22‘aazm0 -bis(3-ethylbenzothiazoline-8-sulphonic
acid). Fungal laccase has been partial punflcaled.f‘miﬁ’*ammoﬁ!um suiphate The result showed that laccase has
successfully isolated and characterized from A, B;C, and D fl)qgl of olt‘palm empty fruit bunches. The characterization of
fungal laccase showed that the optimum temperaiure between 40-50 °C and optimum pH between 5-7. Furthermore, the
PLIIIII\:D:IUI‘ fevel of the F ungus {acc-A, u,\c andB ShG"'-LJ I 3'7{ 1.768, 1.996 and 3.044 timos, fc}fjpcciivu], The
results showed that natural substrate profTe-\have mfhre effctent than activity of crude extract. Surface profile of cereal
waste of corn cobs and rice straw as a:pagt ofﬂaﬂﬁrat Iltm“ﬁpeliulnse waste that has been treated by laccase is damaged,
hollow, and broken, its indicated that Tapcaﬁe suocgsfully catalysis the lignin degradation.

Conclusion, Significance and ,l;nér ?Lzs;,udy ‘i;geﬁ:ungus lacc-D has the highest level of laccase concentration
than other fungus and its acuwty;io nchitu@ ‘Waste is can degrade iignin on the substrate.

Keyword: laccass; .;dmnw*‘tmg?, ir'g.ﬁgfcm:r'*re Electron

INTRODUCTIGN Oil palm empty fruit bunches (OPEFB) contain lignin of
25.83% (Sudiyani, 2009), this component is high enough

Indonesia.’ as :In agqoulig}al country has a greal so that it can be ascerlained thal the fungus contained
potential’ i) e @ nﬁ:'\{%ﬁi seclor. Every year there is @ from oii paim empty fruit bunchs contains iaccase which
rapfa..develtipmermm “agricultural processing industry.  can integrate the lignin content. Fungi that found in woody
Palm Bl s Gne o Ane expoit commodities from e plants have been reporied to be able to degrade lignin

p|a|'|181|0|'\?158(‘.10£a which has an important role in the  (Arora and Gill, 2000), so it can be ascerained that fungi

economy if"tngdhesia. Based on BPS dala for 2016, are one of the organisms that- have active enzyme
Indonesia's palm oil production reaches 31.40 million tons  |accase.
per year. As much as 25-26% of the total palm oil In recent years, many studies have been developed to

production is empty bunches which are by products (Dian, overcome the abundance of lignocellulosic waste.
2018), and only as much as 10% of lhe oil palm empty ~ Lignocellulosics are one of the renewable plant resource
fruit bunches waste has been used for boiler or compost (04 silva et al., 2013). By converting these lignocellulosic

raw materials, and the rest is still in the form of waste. waste into useful materials, such as organic fertilizer,
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prebiotic, and alternative energy of Dbicethanol will
increase the value-added of lignocellulose. However, the
utilization of these wastes has not shown the maximum
results, such as the utilization of rice straw waste into
bioethano!.

in general, to overcome the high content of lignin is to
pretreatment with chemicals that are acidic solutions or
alkaline sclutions. However, the use of chemicals in lignin
degradation pretreatment can cause new problems for the
environment. if the handling is not perfect. then these
chemicals can poliute the environment. In order {o
overcome the problem, there is an alternative method by
using degradation enzyme it can degrade lignin. ie
laccase.

Laccase is commercial by the name EC 1.10.3.2, p-

diphenol oxidase. This enzyme can be isolated from fungi
or mushroom (Dwivedi, et al, 2011} Llaccases were
metalloenzyme that acts as lignin degradation on
biocatalytic process (Kameshwar and Qin, 2016). Due to
this attention, the laccase is used in the pulp, paper and
textile industries to obtain efficient and environmentally-
fiendly product because this enzyme only requires
oxygen and produces water as the only side product
(Riva, 2008). In addition, laccase catalyse the oxidation
process of phenolic and pon-phenolic

group. It can oxidize various substrates such as
substituted methoxy-phenol, aliphatic and ‘dromatic
amines to radical form and reduce mg i t 03'& ater

aromatic @shaken 3

compounds effectively and spontaneously by redu
molecular oxygen to water. Laccase is oxidizing enz%

Fungi was isolated from OPEFB located at pal oil farm
of Riau, Indonesia. The growing colonies are planted in
black liquor solid medium by taking fungi spore using a
sterile ose. The culture was then placed on a selective
black liquor medium in a petri dish, incubated at 37°C for
5 days. The halo (clear area) observed around the colony
and one isolate with the targest halo and also showed the
highest laccase activity.

Laccase profile during mycelium growth of fungi from
OPEFB

Yeast (GMY) medium.
room temperature, shal
mycelium mass was me;

GMY media was gg;ﬂnggg
Determinati g i0f I‘t%ﬁg,pcmhy

The Enzyme cassay was
Bourbgnnais ant

carried out

using a
ice (1990) method. Laccase activity
ined b‘;éaddmg 40 pl of enzyme solution to

1160, 378, (0,4 mkY) dissolved in sodium-acetic buffer
H #5) (Kalyani, et al., 2008). Then mixtures were

tii hépiogenous. Subsequently, the absorplion
:cal upﬁ’ was measured at A = 420 nm (Exm = 36
) dtmng five minutes by spectrophotometer UV-

V‘s (E'a 01). One unit of laccase activity was defined
%ﬁthe ‘amount of enzyme to release 1 ymol ABTS per
yle. The protein conceniration was performed by using

(Muthukumarasamy dan Mul‘ugan 2014) s w-g“ gle Bradford method (Bradford, 1976).

The utilization of Iaccase is an a

degradatlon causes the Ilgnm i
and cellulose disconnecte
hemicellulose and cell
hemicellulose and cellul

nolher reason for
ion is the rate of

reaction. Y ata |yzed reactions often last
several thbfiSend &g, 00g million times faster than
non-en: i ‘eltzar and chan, 1986).

JThis st 0jate the fungal laccase from oil

pal p hes (OPEFB) and optimation of the
temp@g#_ hpH during mycelium growth to study the
activity 0 ung laccase were obtained from isolation.
Addition of ?ﬁn@‘l laccase to corn cob and rice straw
waste were studied to know the effect of fungal laccase
adding to break down the hemicellulose and cellulose
bond on the lignocellulose waste.

MATERIALS AND METHODS

Selection of Isolate
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e
~ Characterization of Laccase

The laccase is an extracellular enzyme. The laccase is
secreted by fungus in its production medium. To abtain
the laccase enzyme, growth media is separated from the
fungus cells by filtering. Furthermore, the growth medium
was cenirifuged to obtain the supernatant used in the
characterization of lacase. In addition, centrifugation was
done at 3300 rpm at 4 °C for 20 minutes. After
centrifugation, the supernatant is separated from the
precipitate. This supernatant is a lacase that will be used
in further analysis.

The optimum pH of laccase was measured in the pH
range between 4.0 and 8.0, and the optimum temperature
was measured at diverse temperatures from 20 to 80 °C
for 10 h.

Ammonium sulphate precipitation

Proteins were sequentially precipitated from 100 mi. of
this crude extract by stepwise addition of solid ammonium
sulfate with stiring at a certain degree of saturation
(Bollag et al, 1996), followed by incubation on ice and
stirred slowly for at least 30 min and centrifugation at 6000
mm at 4 °C for 20 minutes. The peflet obtained after each
centrifugation was resuspended in 0.1 M phosphate-citric
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buffer pH 7. Those steps above were done for 40-100% of
ammonium sulfate saturation. respectively.

Dialysis

The cellophane tube containing the laccase is stimed
and immersed in a 0.05 M phosphate buffer solution of pH
optimuiti. This diaiysis process continues uilil the enzyme
solution free from the ammonium sulphate salt. The
dialysis process is declared complete when the enzyme
solution is free of ammonium sulphate characterized by
the absence of a brown precipitate when the buffer
solution is dropped with Nessler reagents. After dialysis,
the enzyme solution is removed from the cellophane tube
and iested for ils aclivily wilh the ABTS substrale io
determine the purity level of the laccase.

Pretreatement of cereal agriculture waste using fungal
laccase

Five grams sample of rice straw and corn cob added
with & mL of larcase until the sample is immersed in the
enzyme. The mixtures were incubated at 70 °C for 8
hours. The surface profile of corn cob and rice straw as
part of cereal agriculture waste analyzed using Scanning
Electron Microscope (SEM).

RESULTS AND DISCUSSION
Isolation of fungi from oil palm empty fruit burg}li‘-"-

isoiation of fungi from oii paim empty was
done by spread plate method. Five grams&?OPE B;
dizsolved in sterilized water 1o minimazg ihmggss}bl!i y-.g&
contaminants. The contaminats ares rg ms that
arowing on OPEFB. Fuﬂherm(:lrgw§ ilized s, w
containing spores were grown: fr’* eh{%saeé‘&gar
(PDA) medium for 5 days a atu After
incubation, It moids o | ‘a‘%’q&jh varying
with colour

vanatror‘s mdlcatcs t
picture shows th ere’

medium, Funhermdre each gu]es' fungi is purified on

slanted PDA mwu Punncaﬂ vas done by slanted
PDA melee ted dach spore on slanted PDA
mediumg, TiT £ &%Mar&ulenzed by a uniform
color of f?}ngus’gla Qg on slanted PDA medium (Fig.
1h)=, b &

2 A
b 'm, R
’* £

Selectioh,of funigus isolate
g A IRy

The fungus of A, B, C, and D are selected for their
abilities 1o degrade lignin. Fungi were grown in black
liquor selective medium and observed for halo area.
Selective media contains a source of carbon and
minerals. Black liquor medium is made from a mixture of
black liquor and salts. Black liquor serves as the main
Carbon source (C), whereas the salts serve as a mineral
source. Black liquor is the soluble solition of cooking
chemicals in the pulping process, which contains many
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lignins. Black liquor still contains the chemical compounds
of Sodium Hydroxide (NaOH) and Sodium Sulfide (Na;S)
which is alkaline (Wallberg et al.,, 2003). On black liquor
was added 1 N Hidrochloric acid (HCI) in order to become
neutral pH and not interfere with fungus growth process.
Lignin is the only source of Carbon (C) in the
selective medium. The halo area has been seen in lignin
contained in seleclive media degraded by fungus.
halo area is a clear region of the medium around the
fungus. The halo area is formed due to*fungus secreting
extracellular enzymes that can degradg hgmn in selective
medium ie laccase. The area of me hal6:is praportional to
the laccase activity. Large halo™ areas ex’fzmn a large
laccase activity. From the resﬁl;s of thig selection, it is
known that all fungl the laccasse ity but the
different of the large he,’%”“ea; vﬁ‘ﬂre not s tgnlfcanl Its
showed that the funq: have the sf iaccase‘ activity.

Tho
e

Fungus-lacc C Fungus-lacc D

(b)

{a) Fungus coiony from the isolation of
OPEFB, (b) A pure colony of fungus
isolation (Fungus-lacc A, B. C and D)

Figure 1:

Laccase profile during mycelium growth of fungi from
OPEFB

Growth curve of fungus was made for 14 days. After
the dry weight of each of the stem cells is weighed, a grow
curve is made by comparing the dry weight of the cell and
the time of sampling.

The result show different growths for each fungus.
Based on the growth curve, can be determined rapid
growth phase (log phase) where cells divided rapidly and
constantly. The next phase, stationary phase, the number
of stem population is almost unchanged. The absence of
changes in the stationary phase is due to the decreased
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nutrients while the microorganisms continue to divide
(Schlegel and Schmidt, 1994). After the stationary phase,
there is a decrease in the dry weight of the ceil. The
decrease in dry weight of the cell showed that the cell had
a lysis that resulted in death. This phase is called the
death phase. In this phase, the growth rate is lower than
the speed of death.

0.2 —+— Fungus lacc-A
i —#— Fungus lacc-B
g 8 ’_,-"’_‘._ —— Fungus lace-C
g 016 P \ —o—Fungus lace-D
=2 0l ﬁ,._\_&‘
§ 0.12
s 01 &
= o008 -"./’r
[-] L __‘.——-i-—h
o I 3:3:—&&

S 0.04 Pt
£ ‘__._--—- o

z 0.07

£

2 3 4 5 6 7 8 9 10 11 12

times (days)

Figure 2. Laccase profile during mycelium growth of Lace-
A.B,CandD
The speed of fungus growth decreases because‘,_ e
nutrients contained in the medium have been exhauste

The log phase of fungus lacc-A urdergous the Iugkphase =

of fungus lacc-B on the 2nd day until the §th day.
Stationary phase un day 7 and day 8. rulliu:r, expe[ience
death phase after day 8. Fungus lacc-C éxperiencéd, Iog
phase on the 2nd day until the fﬁllr{ dat, Saahon'"y
phase on day 5 and day 7. Then ex
after day 7. Fungus lacc-D has th nqést 136 phage
ranges from day 2 to day 8. Fﬁjg nn ‘H
and day 10. After the 10th dayf‘&n acc- hasgaxphasc
of death (Fig. 2.
Based on the gromh"tﬁlrve !gﬁ’&&sh(med the
higest activity of lacc; sev nd the‘h a of log phase is
cell division. Fungus
ange was assumed

significant that mﬂgﬂ lls high
lacc-D showed the‘longest | %whas
as the iong aaamanob*af the fungtls 5 medium.

Chnrac!@nzagan‘,gﬁuﬁﬁakécasn

Togis “a_.;
Optimum r&g(%eh[ureﬁ?d stability

The, effe perature on laccase activity was
obsewe{hat te erature of 20-80 °C. Temperature is
related 0 the %uzyme:; energy required 10 perform a
reaction. If the* mperature is too low then the enzyme
does not have enough energy to perform the reaction, so
the reaction can't run optimally. At the optimum
temperature, the energy obtained is equal to the enzyme's
energy required to react so that the reaction can go well
(Champe and Harvey, 1994).

The highest activity of laccase of fungus lacc-A was
obtained at 50 °C with activity 55 U/mL. As the
temperature increased, activity begins to decreased and
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at 60 °C the enzyme activity decreases by 75.76% of the
activity at the optimum temperature. The highest enzyme
activity of fungus lacc-B was obtained at 40 °C with 2.99
U/mL activity. When the temperature is raised, activity
begins lo decrease at 80 °C to only 0.999 U/mL. The
activity decreased by 66.67% from activity at optimum
temperature. Fungus lacc-C has an optimum temperature
of 40 °C with 3.77 U/mbL. At 80 "C the enzyme adlivily is
only 0.8333 U/mL. The activity decreased by 97.79%
activily from the optimum temperatifte. The highest
activity of laccase from fungus-lacc D{\Efas obtained at 50
°C with activity 4,4999 U/mL. At 80.°C the epzyme activity
is 0.8333 U/mL. The activity déa'easgd “81.48% of the
activity at the optimum temper;gture (Fig. ), The high
optimum temperature .,-‘ -"-ach f%b: are ginn' “beneficial
for the pulp and paper i si$r..
The fungus Iacd-,:@ was fwnﬁm&at 50 °C until
8 h and retained 23{; tupgus Ia'ec-B at 40 °C until 6 h
and retained 69,4 %, fungus-lacc-C ai 50 °C until 6 h and
retained 62.25%, ﬂ'lfl QRQQUS !aoc:;-u at 50 6 h "C untii
54.59% (Flg”’—"g) T zhé*oiher tesearch showes the laccase
from A flavusfounth stab!a rn a'temperature range of 25.
50 °C &Kumar e?akaﬁmﬁ}
'«mi
]
8 ——Fungus lacc-A

—&— Fungus lacc-8 P

LY
-

Y :g 5 —&— Fungus lacc-C _/ \\
! é“ 5 —&— Fungus lacc-D \
¥. E.’: 1 //J. \\
53

=1
)
!

6 (t)
~#— Fungus lacc-A
—a— Fungus lacc-B

—&— Fungus lacc-C

—&— Fungus lacc-D

Actbsity (U/mL)
W

2 5 =
J ~
./ I
1 o 40"'_"'_._“
4]
20 30 10 50 &0 70 80
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Figure 4: (a) The optimum pH and, (b)Temperature of
fungus lacc-A, B, C and D

ISSN (print): 1823-8262, ISSN (online): 2231-7538

Ni Nyoman Tri Puspaningsih



IR - PERPUSTAKAAN UNIVERSITAS AIRLANGGA

Malays. J. Microbiol. Vol xx(x) x0ax, pp. x00-xxx
DOI: http:/fdx.dol.org/10. 2118 1/mjm, xxoex

pH optimum and stability

It was evident that the pH significantly effect activity
from fungal laccase. The activity of fungus lacc-A has
increased from pH 4 to 5 and achieved the highest aclivity
of 1.7499 U/mL at pH 5.

120 | —— Fungus iacc-A

—8— Fungus lacc-8

0 = -~ =
10 ’r/f ’N:@\\_ —&— Fungus lacc-C
- B8O /--' / / \“\r "\\—l—?ungu:lac:-u
B 5
« / N\
% 80 W ; :\
2 e / \\l\._
. / -
40 : / NI
¢ o
Wy & 4
0
4 ¥ 6 7 8
pH
Hzd —4— Fungus lacc-A
100 —=— Fungus lacc-B
—&— Fungus lacc-C
80
for —&— Fungus lacc-D
= ?_.
§ s
#
a0 |
20 | A
9 - ki
2 4 6 8 10

hours
Figure §: The stability pH and té"rqpc

RS

@ure BEfunglls lace-

,J\

A, B, C and D;-fftr, _

The fungal lac
from pH 6 to 7 an
UfmL al pH '{.,_T
elevated activit nd* achleved lhe hlghest

43 The laccase activity of D

fungus 4 to 5 and reached the

highest ac mL at pH 5. After passing each
oplifum pH, accase activity decreased.

Théifungus “lmas stable between pH 4.0-8.0 and
the lace y retained 57.14%, fungus lacc-B was
stable betw 6.0-8.0 and retained 52.52%, fungus

lacc-C was stable between pH 5.0-7.0 and retained
65.38%, fungus lacc-D stable between 4.0-7.0 and
retained 59,37% (Fig. 5).

This decrease in activity is probably caused by
conformational changes between enzymes and substrates
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due to pH changes. Based on the above curve, it is known
that all fungi have a good activities on 5 to 7 pH, its
compatible to paper industry. The pH of the writing and
printing papers varies from 5.0 to 7.5 and hence
xylanases working in acidic pH are more effective for
deinking of old newspaper pulp (Dutt et al., 2013). The
result are similar to the laccase from T. orientalis (Zheng
et al., 2017) and A. flavus (Kumar et al. 2016). It was well
known {hat rungal laccase catalyze the ABTS substrate at
oplimum pH around 5.0 and lose their givities at pH ove
T 0 (Zheng, et al, 2017; Kumar et afifémﬁ Castano, ef

. 2015).

Concentration of laccase wurﬁnmmorﬂum su!phate
The precipitation of. tne r;,ruue ex{faci “of iaccase
with ammonium sulpha!was’a@éﬁm sepgale the other
proteins contained in {8 crude™g ¥'=Et the enzyme.
Thus, the laccasg: maf""';preczpltaies wuh ammonium
sulphate salt will ﬁe detected and tias a higher specific
activity compared wﬂh lhe crudé@dmct
Th@”addﬂ‘on of ammgonium sulfate salt into the
piotein aﬁlunur#ﬁ ii} di(rac:. water molecuies that initially
proleci the su of protein molecules, consequently
eagh~pratein se leq at the optimum saturation  of
am‘?ngmum“?.ujphale The presence of ammonium sulphate
*‘servesn,io attracl water trapped in the hydrophobic area,
k! lhus aﬂowmg ll]e aggregation and precipitation of enzyme
mola’t‘uies ﬂspe‘cmc laccase activity test results from
furrg_-.:; facg A"amounted to 0.855 Uiml, fungus lacc B of
iy 0. 918%Y/mt, fungus lacc-C of 1,259 U/mL, and fungus
“face-D 9336 U/mL. The next stage is dialysis with the aim
of ¥ re;nowng the ammonium sulphate salt that precipitates
avith the protein, the enzyme. In the process of dialysis,
is a pocess of separation of prolens  from

¥
‘.g_:-“._‘-'i" ere

“*molecules that have smaller sizes.

The ammonium sulfate precipitated optimization
enzyme was dissolved in the optimum pH buffer of each
shell, then the cellophane tube was immersed in a buffer
solution having a lower concentration than the buffer
solution in the lube. This is 3o thal the ammonium
sulphate salt can go out to the lower concentration of
huffer solution. The specific activity of laccase from
dialysis is increasing because the enzyme solution is free
from ammonium sulphate salts and other proteins
dissolved in the supernatant, so that the specific activity of
the laccase enzyme is higher. Specific laccase enzyme
activity test resulls from fungus lacc-A were 1.083 U/ml,
fungus lacc-B was 1.372 U/mL, fungus lacc-C was 1.527
U/mL, and fungus lacc-D was 2.218 U/mL. The degree of
purity of laccase resulted from precipitation of ammonium
sulphate salt for fungus lacc-A is 1,547 times, fungus lacc-
B fungus is 1.769 times, C fungus is 1.986, and fungus
lace-D fungus is 3.044 times from its crude extract,
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Table 1: Purification of laccase from empty fruit bunch of palm oil fungi

Step of Total Protein Specif_icy _ ‘
Fungus Concentration Activity conc. Activity Yield (%) Purity Level
(U/mL) (mg/mL) (U/mg)
Fungus Crude extract 1,4 1,998 0,7 100 1
lace-A (NH4)2504 0,7 1,068 0,655 50 0,935
o Dialysis 0,462 0,426 1,083 33 1,547
Crude extract 1,54 1,986 0,775
Fungus  “ni4).50. 0,728 0,792 0,218
Lace-B Dialysis 0,42 0.306 1.372
g Crude extract 1.33 1.738 0.765
T_‘;;gjg (NH4)>S0. 0,868 0,689 1,259
Dialysis 0,462 0,302 1,527
Crude exiract 1,26 1,725 0,728
f_‘;’;g“g (NH4),SOx 0,77 0,576 1,336
Dialysis 0,392 0,176 2,218
o - -""'7:“:""1-_ B, 1
Scanning Electron Microscope of cereal agricultural Deligniﬂffgr{ion “6f cotp cobifand rice straw are
waste corresponding =superficial- microsfructural changes has
been documentedyia scannifig.microscope as illustrated
elignification of the lignin contain fiom natural 0 ig. 6 and '&“-.{--.\Thé?surtaca_uf coii cobs and nce stiaw

lignocellulose waste its use to broken down the lignin and  shoy that thefe was a change of surface profile
hemicellulose which surround  cellulose.  After  lignin belﬁgﬁen tontrol dnd sample that treated with fungal
removed, hemicellulose is degraded, and the crystalline laccése.
structure of cellulose is changed to improve the availability ./

and release of cellulose (Chen ef al,, 201/).

: Sl # (b)
Figure 7: Cross section of rice straw enlarged 2000x (a)
control (b) sample fungal laccase treatment

Figure 6: Cross section of corn cob enlarged 1000x (a)
control (b) sample fungal laccase treatment Profile of rice straw surface and corn cob after
being treated by enzyme suffered damage such as hollow,
damaged, and brittle. This damaged showed that the
carbon linkage is broken by enzyme treatment. The
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distortion of the corn cobs and rice straw structure after
laccase treatment can be credited to the lignin removal
due to the disruption of cellulose-hemicellulose-lignin
matrix structure. The result is coherence with previous
study that using laccase from P. djamor to treatement of
sugarcane tops for saccharification (Sherpa et al, 2018)
and Mukherjee et al. (2018) who worked on rice straw

dullgnnicaiiﬂnl u-;ung the chemical treatiment.

CONCLUSIONS

Fungus Lacc-A, B, C and D successfully isolation from
oil paim empty fruit bunch with the different growin time.
Fungus lacc A, B and C were observed at 7" day optimum
culture and fungus lace-D at 11" day he
Optimum temperature of fungus-lacc A, B, C and D were
40 to 50°C. Further, optimum pH of funqus-lacc A, B, C
and D were 5 to 7. The optimum pH of fungi that obtained
shows the good activity of laccase that compatible to
paper industry. 15 assumed inat the fungal laccase irom
OPEFB its potential to green biodeinking process. SEM
results show that laccase from the fungi can be assumed
to degrade lignin with apparent damage and hallow to the
substrate lignocellulose. The result of this study raise the
important possibility that laccase from oil palm empty fruit

.-.Uu. =

indusliial.
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