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Adaptive Orbital Shaking for High-
Throughput Biopharma Scale-Up

Reconciling shear-sensitive mammalian expression (CHO / HEK293) and high-density
microbial screening on a single stepless-orbit platform
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Executive Summary

Biopharmaceutical scale-up moves teams through This application note details the engineering rationale
fundamentally different agitation regimes: dense, behind stepless 1-50 mm orbital adjustment, sticky-mat
aggressively aerated microbial screening in 96-well vessel mounting, and closed-loop CO,/humidity control,
microplates, followed by shear-sensitive mammalian and explains how these three design elements combine
expansion in CHO or HEK293 suspension culture. to let a single incubator chassis support the full
Equipment built around a single fixed orbit — typically workflow from microbial hit-picking to commercial-

25 mm — cannot serve both regimes well, forcing track mammalian protein expression.

facilities to run parallel fleets of dedicated shakers.

1. The Scale-Up Bottleneck: One Chamber, Two 5 ENGINEERING TAKEAWAY
BiophySical Regimes Ramping RPM on a fixed-orbit
shaker to compensate for a
Oxygen transfer rate (OTR) in an orbitally shaken vessel is governed jointly mismatched throw increases fluid
by shaking speed, fill volume, vessel geometry, and orbital (shaking) shear faster than it increases OTR

diameter. Facilities that only control speed are working with one degree of — the opposite of Wh?t mammalian
culture needs. Orbit diameter, not

freedom too few — and the two dominant biopharma workflows sit at speed alone, is the primary lever for
opposite ends of the diameter axis: shear-safe oxygenation.

Mammalian suspension culture (CHO, HEK293) — Fragile plasma
membrane, no cell wall; oxygen demand must be met through gentle,
high-surface-area agitation rather than raw RPM.

Microbial high-throughput screening — Robust cell wall; oxygen
transfer in small vessels, such as, test tubes or vials are limited by
surface tension and capillary effects, requiring a tight, high-frequency
agitation rather than a wide sweep.
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2. Orbital Diameter Engineering: Stepless 1-50 mm vs. Fixed 25 mm

2.1 WHY A FIXED 25 MM ORBIT IS A COMPROMISE, NOT A STANDARD

A 25 mm throw is a reasonable midpoint for general shake-flask microbiology, but it is undersized for high-density
mammalian expansion and oversized — in terms of the sweep needed — for uniform mixing inside tubes, vials, or
individual microplate wells. Any facility standardised on a single fixed orbit is, by definition, operating outside the
optimum for at least one class of experiment at all times.

2.2 THE STEPLESS MECHANISM

The ZWYC-290A drive train uses a multi-balanced, beltless orbital mechanism paired with a maintenance-free
brushless motor. Because the throw is mechanically continuous rather than fixed by a cam or plate size, the
operator can dial the orbit anywhere between 1 mm and 50 mm without swapping hardware, platforms, or the
underlying shaker unit:

Wide orbit (up to 50 mm) — a wide sweep that maximises free-liquid surface area for gentle, high-OTR gas
exchange at moderate RPM — the shear-safe configuration required for CHO and HEK293 suspension cultures.

Narrow orbit (5-10 mm) — combined with speeds up to 300 rpm, a tight orbit breaks surface tension inside
small vessels, such as, test tubes or vials, to generate the vigorous, uniform agitation needed for aerobic
microbial screening.

Intermediate settings — every orbit setting between these extremes remains available, so process development
teams can titrate agitation intensity against a specific cell line or clone without re-platforming.

PARAMETER CONVENTIONAL FIXED-ORBIT SHAKER STEPLESS 1-50 MM PLATFORM

Fixed at time of purchase (commonly 25

Orbital diameter Continuously adjustable, 1-50 mm

mm)
Mammalian (CHO/HEK293) Compromise — shear risk if RPM is Wide orbit at moderate RPM — shear-
suitability raised to compensate managed, high OTR
Weak agitation: risk of limi N : o
Test Tubes microbial screening eak agitation; risk of oxygen-limited a'rrow orplt a.t up to 300 rpm — vigorous,
wells uniform agitation
Workflow pivot (microbial > . . : e :
. P ( Requires a second, dedicated shaker Single chassis, dial-in adjustment
mammalian)
Capital footprint Parallel equipment fleets per application One platform covers both regimes
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3. Vessel Flexibility: Sticky-Mat Integration Replaces Fixed Clamps

Metal spring clamps sized to a single flask volume are the traditional method of securing vessels to a shaking tray,
but they fix the tray's usable layout to whatever clamp geometry was purchased. Swapping between 50 mL
screening flasks, 1 L expansion flasks, and 5 L production-scale Erlenmeyers means physically re-clamping the
tray — lost time during a scale-up campaign, and a source of tray real-estate that goes unused whenever vessel
sizes are mixed.

Plain shaking trays fitted with sticky mats remove that constraint. Because adhesion, not a bolted clamp footprint,
holds the vessel in place, technicians can position flasks of different volumes on the same tray simultaneously and
reconfigure the layout in minutes rather than swapping hardware between runs. This is what allows a single 257 L
chamber to flex between configurations such as:

Up to thirty-two 500 mL flasks — for high-density parallel screening or seed-train steps.
Up to eighteen 1000 mL flasks — for intermediate expansion volumes.

Up to six 5000 mL flasks — for late-stage, production-track mammalian or microbial batches, at up to 25 kg total
tray load.

Up to twenty-four 96-well plates — run alongside flasks on the same tray for parallel clone screening.

PRACTICAL IMPLICATION

Sticky-mat mounting turns tray real-estate into a variable rather than a fixed constraint — the same physical footprint
scales

from microplate screening to 5 L production flasks without a tray change, and mixed-volume layouts are possible mid-
campaign.

ENVIRONMENTAL PARAMETER TABLE

4. Environmental Precision: Closed-
LOOp C02 and Active Hum|d|ty Environmental parameter Specification
Control

1-50 mm, stepless

Shaking diameter . :
mechanical adjustment

Orbital geometry solves the mechanical half of shear-
safe, high-OTR culture. The other half is holding the
chemical and thermal environment stable through long,
uninterrupted mammalian runs — particularly across
the door-opening events that punctuate routine Maximum tray load 25 kg
sampling and feeding.

30- 300 rpm, brushless-

Shaki d
aKing spee motor drive

CO,, control range / 0-20%, *0.2% (dual-
4.1 CO, CONTROL — DUAL-WAVELENGTH NDIR SENSING accuracy wavelength NDIR sensor)
A single-beam, dual-wavelength non-dispersive infrared (NDIR)
CO, sensor provides drift-resistant, auto-referencing Active 140°C direct steam
measurement across a 0-20% control range, holding accuracy Humidification method injection

within £0.2%. Because the reference and measurement
wavelengths are captured by the same beam path, the sensor

+0.15°C at 37°C (solid
self-corrects for lamp ageing and window fouling — the drift ) (sol

mode that most commonly degrades single-wavelength IR Temperature uniformity pogurethane nsulated
sensors over months of continuous biopharma operation, and cabinet)
the mechanism that governs bicarbonate-buffered media pH.

Chamber volume / 257 L per chamber;
4.2 HUMIDITY CONTROL — ACTIVE STEAM INJECTION stacking stackable 2-3 units high
Rather than relying on passive evaporation trays, an active
140°C direct steam injection system drives chamber relative USB export; on-board
humidity across a controlled range (documented up to 40-85% Data logging storage for 7,000+ records;
RH depending on configuration), and recovers quickly after a non-volatile memory

door-opening event. This matters specifically for vented
mammalian flasks run over multi-day or multi-week batches:
passive humidification is slow to recover after sampling,
allowing media to concentrate through evaporation and shift
osmolarity and pH before the chamber re-equilibrates. Active
injection restores the setpoint fast enough to keep long-run
cultures inside their validated operating window.
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5. Process Recommendations by Workflow Stage

WORKFLOW STAGE giE?TMMENDED zig:g'MENDED VESSEL / MOUNTING

Microbial HTS, Test Tubes, etc 5-10 mm Up to 300 rpm Clamps, secured directly to tray
Shake-flask microbial expression 25 mm 150-250 rpm Sticky mat, 250 mL-1 L flasks
CHO / HEK293 seed train 35-50 mm 80-150 rpm Sticky mat, 1-2 L vented flasks
S:p:i:g?293 production 50 mm 70-120 rpm fSI'g;::: mat, up to 5 L vented

Exact speed and orbit settings should be verified against the specific cell line, clone density, and vessel fill volume during process
development; the ranges above reflect the mechanical envelope of the platform rather than a validated protocol.

6. Conclusion

A fixed-orbit shaker locks a facility into a single agitation regime and forces redundant equipment purchases as
programmes mature from microbial screening to mammalian scale-up. Combining a stepless 1-50 mm orbit, sticky-
mat vessel mounting, and closed-loop dual-wavelength CO, / active steam humidity control onto one stackable
chassis lets process development and manufacturing teams cover both ends of the biophysical spectrum — tight,
high-speed agitation and wide, low-shear mammalian agitation — without re-platforming, reclaiming both capital
budget and floor space in the process.
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Specifications are subject to change without notice

LABWIT Scientific Group Pty Ltd and do not constitute a binding product
specification. Contact Labwit or an authorised
representative to confirm current configuration and

performance data for your application.
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